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MICROBIAL COMPOSITIONS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001 ] This application claims priority to U.S. Provisional Application No. 63/547,326, filed
November 3, 2023, U.S. Provisional Application No. 63/599 944 filed November 16, 2023, U S
Provisional Apphication No. 63/674,021, filed July 22, 2024, and 1.8, Provisional Application
No. 63/648,580, filed May 16, 2024, the contents of which are mcorporated herein by reference
in their entiretics.

SEQUENCE LISTING

{0002} The instant application contamns a Sequence Listing which has been submitted
electronically in XML format and is hercby incorporated by reference in its entirety. Said XML
copy, created on October 29, 2024, 1s nammed OATH-015_PCTZ SLxmd and 15 1,102,911 bvtes
1 size. The sequence histing contained inthis XML file 1s part of the specification and 1s hereby

incorporated by reference heretn in its entirety.

BACKGROUND
{36031 Many microbes having beneficial effects on plant growth and properties are known;
in addition these microbes may have beneficial effects on soil characteristics. Although
composttions and methods utilizing such microbes have been described, there remains a need for

improvement.

INCORPORATION BY REFERENCE
{0004] Al publications, patents, and patent applications mentioned i this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be mcorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[{(3005] The novel features of the invention are st forth with particulanty in the appended
claims. A better understanding of the features and advantages of the present iovention will be
obtaimed by reference to the following detatled description that sets forth lustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
HEERY Figure La shows a method of preparation of a microbial composition from mdividual
microbial stocks.
[0007] Figure 1b shows a method of growth and treatment of a microbial stock.
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{0008] Figure 1¢ shows a method of preparation of a microbial composition.

{0091 Figure 1d shows a method of combining one or more microbes and ove or more
heterologous components.

[0018] Figure 2 shows the topography of a Maxamum-Likelthood phylogenetic tree
displaving 195 ribotype gene signatures representing the OSL probiotic culture coliection.
[3011] Figure 3 shows water holding capacity of soil samples.

{00121 Figure 4 shows turf resulting from treated {right} and untreated (left) seeds.

{0013} Figure & shows a box and whiskers chart of increased biomass in treated plants.
{0014} Figure 6 shows conunon bean root biomass, i plants growing in soil treated with a
microbial consortium and untreated.

[0015] Figure 7 shows common bean shoot biomass, in plants growing in soil treated with a
microbial consortium and untreated.

[3015] Figure 8 shows coramon bean pod biomass, in plants growing in soil treated with a
microbial consortium and untreated.

{6017] Figure 9 shows grain biomass, in plants growing in soil treated with a microbial
consortium and untreated.

[0018] Figure 10 shows soil water content in soil in which almond trees were grown, soil
treated with a microbial consortium and untreated.

[0019] Figure 11 shows stem water potential in almond trees growing in soil treated with a
nucrobial consortium and untreated.

[3020] Figure 12 shows soil bulk density i sotl in which almond trees were grown, soil
treated with a microbial consortium and untreated.

{6621} Figure 13 shows streaking pattem of agar plates streaked for purity determination.

[6622] Figure 14 shows landscape inoculation of plates for sohd state fermentation of

microbes.

DETAILED DESCRIPTION
L Composttions and methods
A Microbes

{0023} Provided herein are compositions and methods including and/or utilizing one or more
microbes, or that result from utilizing one or more microbes, in plant germunation, growth,
maintenance, and/or use, and other uses as described herein. The one or more microbes may be
used n conjunction with any suitable plant or plants and the soil or other growth mediun in
which the plant or plants grow. As used herein, "microbe” or "microorganism” are used
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interchangeably and include the two prokaryotic domains, Bacteria and Archaea, as well as
cukarvotic fungi and protists. When a specific strain, deposit, or the like, of a microbe 5
described, this includes progeny and/or mutants thereof. The terms “plurality of microbes,”

6

“phirality of microorganisms,” “consortiom of microbes,” “consortium of microgrganisms,” are

used interchangeably herein, and include groups of two or more different microbes. Unless

mdicated otherwise, and as used herein, the ferm “different nucrobe,” includes a microbe that is
taxonomically different from another microbe, ¢.g., different class, order, family, genus, species,
or strain. Unless indicated otherwise, and as used herein, the term “different microbes,” includes
two or more microbes, cach of which is taxonomically different from the other microbes, ¢.g.,
different class, order, famuly, genus, species, or strain.

[0024] The term "plant,” as used herein, includes a whole plant, any reproductive or
developmental form or stage thereof, or to a part or fragment of a plant. The term "plant” may
therefore be used to encompass plant propagules, seedhings, gemnynants, tube stock and mature
plants or any parts or fragments thereof, including but not imited to hypocotyls, leaves,
branches, stems, roots, heads/kernels, crown, tissae samples, seeds, froits, nots, flowers or cones.
[3025] Anv suitable microbe can be used, such as a bacteria, an archaea, a protozoa, an algae,
a fungus, for example a mycorrthizae, a virus, or a combination thereof. Preferably, the microbe
i3, at some point in its lifecyele, a unicellolar organism; however, the microbe can exist in a
multicellular state. In preferred embodiments, the compositions and/or methods comprise one or
more bactenia. In certain ernbodiments, the compositions and/or methods comprise one or more
fungi. Tn certain embodiments, the compositions and/or methods comprise one or more bactena
and one or more fungi.

{6026} In certain cmbodiments, the one or more micobes are bactera. In certain
embodiments, the one or more microbes are rhizobacteria. In certain embodiments, the one or
more microbes are saprophytic. In certain embodiments, the one or more microbes inclade
nucrobes belonging to the genus of Strepfomyces. The microbe can be any suitable species of
Streptomyces, meluding but not hmiated to Strepromyces achromogenes, Sirepronyces
albogriseoius, Strepiomycees antibioticus, Strepiomyces baciliari, Streptomyces bikiniensis,

Streptomvces hobili, Strepiomyces chartreusis, Strepiomyces echinatu, Streptomyces echinatis,
Streptormyces eurythermus, Streptomyces globosus, Streptomyeces griseoaurantiaeus,
Streptoryces griseofuscus, Streptomyces griseoincarnatus, Streptomyees griscoruber,
Strepiomyces griseoviridis, Streptomyces kurssanovii, Streptontyces misionensis, Strepiomyces
murinus, Streptomyees musisoli, Strepromiyces nigra, Streptomyces nigrescens, Streptoniyces
ofivaceus, Streptomyeces rochel, Streptomyees sennicamposti, Streptomyees spO00721 6035,
Streptomyees spOl1 9049245, and/or Streptomyvees toxyiricini, Streptomyces achromogenes,

-3-



10

[y
0

WO 2025/097154 PCT/US2024/054441

Streptomyees albogriseolus, Streptomyces antibioticus, Streptomyces bacillari, Streptomyces
bikiniensis, Streptomyvees bobili, Streptomyces chariveusis, Streptomyces echinatu, Streptomyces
echinatus, Siveptomyces eurythermus, Streptomyces globosus, Streptomyces griseoaurantiacus,
Streptomyces grisecfuscus, Streptomyces grisevincarnatus, Streptomyees griseorubey,
Strepiomyces griseoviridis, Streptomyces kurssanovii, Streptoniyces misionensis, Strepiomyces
murinus, Streptomyces musisoli, Streptomyces nigra, Streptomyces nigrescens, Streptowyces
ofivaceus, Streptomyces rochel, Streptomyces sennicomposi, Streptonivces spO0i721 603,
Streptopryces sp01 9049245, and/or Sirepiomyces foxyiricini. In many cases. a specics may be
represented by more than one different strain; see Table 2A for strains of the above specics, and
SEQ ID NQOs for 165 rRNA sequence or sequences associated with each strain, as well as ATCC
deposit number i which the strain may be found. In some embodiments, a microbial
composition of the present disclosure includes some or all of the microbes in the microbial
consortia deposited with the American Type Culture Collection (ATCC) on October 30, 2024
and assigned deposit numbers PTAI27834-127850. As used herein, a “165 rRNA sequence” or
the like includes a RNA sequence for 165 rRNA or a mucleotide gene sequence for the 168
rRNA, as will be clear from context.

{0027 In certain embodiments, provided are compositions comprising nucrobes of one or
more non-Strepfomyees genera. In certain embodiments, provides are compositions comprising
microbes of one or more specics and/or strains of Streptomyces and microbes of one or more
nuerobes of non-Strepionivees genera. In certain embodiments, the one or more non-
Streptomyces genera comprise one or more of Pseudomonas, Microvirga, Paenibacillus,
Rhodococcus, Lysinibaciilis, Actinoplanes, Agromyces, Allosphingosinicella, Aneurinihacillus,
Arthrobacier, Bacillus, Brevibacillus, Caldimonas, Cupriavidus, Ervihirobacter, Kocuria,
Microbacterium, Microbispora, Myceiocola A, Neorhizobium, Nocardia, Nocardioides,
Nonomuraea, Peribacilius, Priestia, Pristimaniibacilius, Stenotrophomonas, Stuizerimonas,
Terrimonas, or Zhiherngliuella or a combination thereof. In certain embodiments, provided are
compositions comprising microbes of one or more species and/or strains of Strepromyces and
mierobes of the taxonomic class Bacili, such as microbes of one or more genera including
Paenibacilius, Lysinibacillis, Aneurinibacillus, Bacillus, Brevibacillus, Peribacilius, and/or
Pristimantibaciilus. In many cases, a specics may be represented by more than one different
strain; see Table 2A for strains of the above species, and SEQ ID NQGs for 168 1RNA sequence or
sequences associated with each strain, as well as ATCC deposit number in which the strain may
be found. fn some embodiments, a microbial composition of the present disclosure mcludes
some or all of the microbes in the microbial consortia deposited with the American Type Culture

Collection (ATCC) on October 30, 2024 and assigned deposit numbers PTA127834-127850.
A
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{6028] In certain embodiments, one or more Microbes CoMPrising one or MOIre genetic
sequences for 165 rRNA(s) are used. Sequences are as shown in Table 1 and Table 2A.

Table 1 165 rRNA genetic sequences

SEQGID NO Genus/Species Strain #
1 Lysumbacillus capsici 162
Z Lysinibaciftus capsici 161
3 Lysinibacitlus capsici 159
4 Lysinibacillus capsici 150
5 Lysiaibacillus capsici 155
6 Lysimibacillus capsici 174
7 Lysinibaciflus capsici 166
& Lysinibacitbus capsici 160
9 Lysumbactllus capsici 163
10 Paenibacilivs cellulositrophicus A 56
11 Paenibaciilus cellulositrophicus A 59
12 Paenibacillus celhdositrophicus A 62
13 Paenibacilius cellulositrophicus A 41
14 Paenibacillus celiinlositrophicus A 67
15 Paenibacilius cellnlositrophicus A 49
16 Paenibacillus cellalositrophicas A G5
7 Paenibacillus linoisensis 206
i8 Aureimonas A sp01425483 199
19 Aureimonns A sp001425485 112

20 Aureimionas A sp001425483 #6
21 Aunreimonas A sp001425485 87
22 Bradvrhizobium clkanii 209
23 Bradyrhizobium elkami 191
24 Bradvrhizobium elkanit 136
25 Bradvrliizobium elkani 182
26 Bradyrhizobivim elkanii 188
27 Bradvrhiizobium elkanti 145
28 Bradyrhizobium elkani 121
2 Bradyrhizobium elkani 144
30 Bradvrhizobium elkanii 135
31 Bradyrhizobium denitrificans 133
32 Bradvrhizobium denirificans 122
33 Bradvrliizobium deniinficans 130
34 Bradyrhizobium denitrificans 193
35 Bradyrhizobium denitrificans a7
36 Bradyriizobium denitrificans 181
37 Bradyrhizobium denitrificans 186
38 Microvirga sp OATH 1 2t
39 Pseudomonas poac 14
40 Freudomonas sp OATH 2 30
41 Pseudomonas sp OATH 3 33
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SEGQ ID NG Genus/Species Strain #
42 Pseudomonas sp OATHS 44
43 Fseudomonas poae 76
44 Pseudomonas sp OATH 16 77
45 Pseudomonas sp OATH 14 69
46 Fseudomonas azotoformans 158
47 Pseudomonas azotoformans 180
48 Psevdomonas azotoformans 167
49 Psendomonas azotoformans 156
30 Pseudomonas azotoformans 24
51 FPsendomonas fluorescens 2
52 Pseudomonas fluorescens 80
33 Psendomonas £ sp00283651S 42
54 Fseudomonas sp OATH 53 147
55 Pseudomonas sp OATH 56 165
56 Fseudomonas B sp003253735 260
57 Psendomonas E sp003233733 207
58 Pseudomonas stramainea 152
59 FPeendomonas sp OATH 55 164
60 Pseudomonas koreensis 52
61 Pseundomonas koreensis 70
62 Pseudomonas sp OATH 45 {34
63 Pseudoemonas sp OATH 51 142
64 Fseudomonas Korcensis 28
63 Psendomonas koreensis 61
66 Pseudomonas sp OATH 13 71
67 FPsendomonas sp OATH 4 39
68 Streptomyvees violaceorectus 114
69 Streptomyces sp OATH 38 110
70 Streptomyces sp OATH 40 116
71 Streptomyees rochei 123
72 Streptomyces labedae 113
73 Streptomyees rochet 189
74 Strepromyces grisecincaraatus 162
75 Streptomyces griseoincamarus 23
76 Streptomvees griseoincarnais 202
77 Streptomyces grisecincarnatus 75
78 Streptomyces gaseotncamatus 74
79 Streptomyvees nigra 73
80 Strepromyces sp OATH 8 48
31 Streptomyces sp OATH 12 60
82 Streptomyces sp OATH 22 90
83
34 Streptomyvees spO0 1569795 72
85 Strepromyces Havoviridis 81
36 Streptomyces sp OATH 41 117
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SEGQ ID NG Genus/Species Strain #
87 Streptomyvees flavoviridis 27
8% Streptomyces fimbriatus 11
39 Streptomyees yochet 16
90 Streptopyces rochei 19
g1 Streptomyces rachel 125
92 Streptomyces Misionensis 127
93 Sirepfopiyces MISIONENsis 129
94 Streptomyces Misionensis 128
95 Streptomyces THSIONCTSIS 55
96 Streptomyces misionensis 37
97 Streptomyces MiS10UCNSIS 35
a8 Streptomyces IMsionensis 131
99 Streptomyces Misionensis 3
100 Streptomyces MisioNeNss 36
101 Strepromyces misionensis 47
102 Strepiomyces griseoviridis A 184
103 Streptomnvees griscoviridis A 30
104 Strepromyces griseoviridis A 66
105 Streptomyees griseofuscus 2
106 Streptopyces sp OATH 10 54
107 Streptomyces gaseofuscus 135
108 Streptomyees THSIONCTSIS 17
109 Sireplomyces IISIONENsIs 53
fio Amvyeolatopsis lorida 149
Pt Amyveolaiopsis OATH 54 153
112 Amyeolatopsis Torida 194
i3 Amycolatopsis lunda 151
114 Amyeolatopsis hurida 168
{15 Amycolatopsis landa 154
jio Rhodococcus qingshengii 187
117 Rhodococcus ervthropolis 146
118 Micrococcus luteas 32
119 Micrococens lutous 3
120 Strepromyces sp OATH 44 126
121 Streptomyvees sp OATh 66 210
122 Streptomyces sp QATH 63 204
£23 Streptomyces sp OATH 52 143
124 Streptomyvees sp OATH B 5
125 Streptomyces sp OATH 587 170
126 Streptomyces sp OATH 49 140
127 Streptomyces sp OATH G 34
128 Streptomyces sp OATH 7 46
129 Streptomyvees sp OATH 5 40
130 Strepromyces sp OATH 9 51
£31 Streptomyces sp OATH 13 68
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SEGQ ID NG Genus/Species Strain #
132 Streptomyces sp OATH 46 137
133 Strepromyces sp QATH 12 63
134 Streptomyces fydicus 45
133 Streptomyces lydicos 203
136 Streptomyces lydicus 78
§37 Streptomyees sp OATH 17 79
138 Streptomyees sp OATH D 7
£39 Streptomyces sp OATH 50 141
140 Strepromyces sp OATH 26 94
141 Streptomyces griseoaurantiacus 26
142 Streptomyees griscoaurantiacus 18
143 Streptomyces sp OATH 65 208
i44 Streptomyces sp OATH 27 57
i45 Streptomyvees sp OATH 61 197
146 Strepromyces sp AOTH 58 173
147 Streptomyces sp OATH A 4
148 Strepromyces sp OATHE 10
149 Strepromyces sp QATH 62 201
150 Streptomyees sp OATH 20 83
151 Streptopyces sp OATH 30 99
{52 Streptomyces OATH 28 96
153 Streptomyees sp OATH 64 205
154 Streptomyces sp OATHF 13
155 Streptomyces sp OATH 22 #9
156 Strepromyces sp OATH 44 132
157 Strepromyces sp QATH 43 124
158 Streptomyvees sp OATH 59 179
159 Streptomyces spS00105753 25
{60 Streptomyces sp930105753 20
i61 Streptomyees sp¥0105755 196
162 Strepromyces sp OATH 11 58
163 Streptomyces sp OATH 19 #4
164 Strepromyces sp OATH 36 108
163 Strepromyces sp OATH 47 138
166 Streptomyvees sp OATH 48 139
167 Strepromyces sp OATH C 6
f68 Streptomyces aniioioticos B 22
169 Streptomvees antibioticns B 185
170 Streptomyces globosus 120
171 Streptomyces globosus 198
172 Streptomyees globosus 119
173 Streptomyces globosus 31
174 Streptomyvees globosus i
175 Strepromyces globosus 183
{76 Streptomyces globosus 157
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SEGQ ID NG Genus/Species Strain #
177 Streptomyces globosus 176
178 Streptomyces globosus 178
179 Streptomyees globosus 175
150 Streptomyces globosus 177
181 Streptomyces globosus 172
i82 Streptomyees globosus 171
183 Streptomyces globosus 169
184 Streptomyces bikinicnsis i2
1%5 Streptomyces sp OATH 32 101
186 Strepromyces sp QOATH 39 111
187 Streptomyvees sp OAT 37 109
158 Streptomyces sp OATH 31 100
89 Streptomyces sp OATH 60 190
§90 Streptomyees sp OATH 42 118
191 Streptomyces cavourensis 64
192 Streptomyces bacillaris i3
193 Strepromyces sp OATH 23 91
194 Strepromyces bacillaris 29
195 Streptomyvees cavourensis 38
196 Streptomyces bacillans 211

{3029] In certain embodiments provided herein, a composition or method utilizes one or

more microbes. Any suitable microbes may be used.

[6630]

Certain of the microbes described in this Application were deposited with the

American Type Culture Collection (ATCC, Manassas, Va.) on November 15, 2022, and October

30, 2024, and assigned the deposit numbers shown i Table 2 and Table 24, respectively. The

deposits were made under the terms of the Budapest Treaty on the International Recognition of

the Deposit of Microbes for the Purposes of Patent Procedure.

Table 2: ATCC deposits

Designation ATCC No.

1 PTA-127367
2 PTA-127368
3 PTA-127369
4 PTA-127370
5 PTA-127371
6 PTA-127372
7 PTA-127373
8 PTA-127374

0.
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Designation ATCC No.

9 PTA-127375
Y] PTA-127376
it PTA-127377
iz PTA-127378
i3 PTA-127379
i4 PTA-127380
i3 PTA-127381
i6 PTA-127382
i7 PTA-127383
i8 PTA-127384
i9 PTA-127385
20 PTA-127386
21 PTA-127387
22 PTA-127388
23 PTA-127389
24 PTA-127390
25 PTA-12739]
26 PTA-127392
27 PTA-127393
28 PTA-12739%4
29 PTA-127395
30 PTA-127396
31 PTA-127397
32 PTA-127398
33 PTA-127399
34 PTA-127400
33 PTA-127401
36 PTA-127402
37 PTA-127403
38 PTA-127404
39 PTA-127405
40 PTA-127406
41 PTA-127407
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Designation ATCC No.

42 PTA-127408
43 PTA-127409
44 PTA-127410
45 PTA-127411
46 PTA-127412
47 PTA-127413

Table 2A 165 rRNA Genetic Sequences and ATCC deposit numbers for selected microbes

USHD SEQ D Nofs) | Genus species Deposit #
OATHO001] 197 Strepiomyces toxyiricini PTA-127846
OATHO0021 216 Streptomyces echinaty PTA-127836
OATHO0031 228 Strepiomyces sennicomposti PTA-127845
OATHO0041 239 Strepiomyces bifiniensis PTA-127839
OATHO0051 250 Streptonyces rochei PTA-127844
OATHO00S52 261 Streptomyces rochei PTA-127844
OATHO0053 381 Streptonmyces rochei PTA-127844
OATHO0071 273 Streptomyees sennicomposti PTA-127846
OATHO0072 282 Strepiomyces seruicomposti PTA-127846
OATHU0081 292 Streptomyces rachei PTA-127846
OATHO0091 jo8 Strepiomyees hikiniensis PTA-127839
OATHO0101 207 Strepiomyces senyicomposti PTA-127845
OATHO0102 304, 365 Psuedomonas E | parvacanis PTA-127844
OATHO0103 208 Streptomyces sennicomposti PTA-127849
OATHO0143 345 Microbacterium | oxydans PTA-127834
OATHOO0144 209 Streptomyces griseoincarnatus PTA-127841
OATHO0223 211 Streptomyces miSionensis PTA-127842
OATHO0224 210 Microbacterium | paraoxydans PTA-127834
OATHO0241 212 Streplomyces sennicomposti PTA-127845
QATHO0242 346 Streptomyces senyicomposti PTA-127844
OATHO0243 347 Streptonyces sennicomposti PTA-127844
OATHO0252 348 Streptomyces misionensis PTA-127841
OATHO0253 213 Streptonryces misionensis PTA-127842
OATHO0261 214 Streptomyces murinys PTA-127843
OATHO0262 350 Streptomyces murinus PTA-127843
OATHO0263 351 Streptomyces PUrings PTA-127843
OATHO0264 349 Strepiomyces HUPInuS PTA-127843
OATHO0291 215 Strepiomyces grisevaurantfiocus PTA-127841
OATHO0292 217 Streptomyvees griseoaurantiacus PTA-127841
OATHO030] 218 Streptomyces sennicomposti PTA-127845
OATHO0312 219 Siveptomyces bacillari PTA-~127838
OATHO0313 220 Streptomyces bacillari PTA-127838
OATHO00321 222 Streptomyces grisecincarnaiis PTA-127836
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USID# SEQ ID Nofs) | Genus species Depaosit #
OATHO0322 224 Streptomyces echinatus PTA~127837
OATHO0323 223 Streptomyces echinatus PTA-127837
OATHU0331 225 Streptomyces misionensis PTA-1278472
OATHO0342 356 Microbacterivm | resistens (81%) PTA-127834
OATHO0343 357 Strepiomyces achromogenes PTA-127830
OATHO0351 358 Streptomyces olivaceus PTA-127846
OATHO0352 | 226,227,360 | Strepfomyees olivaceus PTA-127846
OATHO03353 229 Streptomyces rochei PTA-127846
OATHO0354 359 Streptomyces antibioticus PTA-12783%
OATHO0371 361 Streptomyces antibioticus PTA-127838
OATHO0372 362 Streptomyces antibicticus PTA~127838
OATHOG37: 230 Streptomyees antibioticus PTA-127837
OATHO0373 363 Strepiomyces aniibioticus PTA-127837
OATHO0374 231 Streptomyces antibiclicus PTA-127838
OATHO03 7 364 Streptomyees antibioticus PTA-127838
OATHO0375 233 Strepiomyces antibioticus PTA-127838
OATHOO376 232 Streptonyces antibioticus PTA-12783%
OATHO0381 235 Streptomyees sennicomposti PTA-127845
OATHO0382 234 Streptomyces misionensis PTA-127842
OATHOO383 365 Streptomyees sennicomposii PTA-127844
OATHO0384 366 Strepiomyces seruicomposti PTA-127844
OATHUO0392 236 Streptomyces baciltari PTA-127838
OATHO0402 238 Strepiomyces sennicomposti PTA-127845
OATHO0403 237 Strepiomyces senyicomposti PTA-127845
OATHO0404 240 Streptomyces sennicomposti PTA-127845
OATHO0412 | 367,368, 369 | Strepfomyees griseoincarnatus
OATHO0413 241 Streptomyces misionensis PTA-127842
OATHO0421 243 Streptomyees misionensis PTA-127842
OATHO0422 244 Strepiomyces misionensis PTA-127842
OATHO0423 245 Streptomyces misionensis PTA-127842
OATH00424 370 Streplomyees misionensis PTA-127841
OATHO0425 242 Streptomyces misionensis PTA-127842
OATHO0442 246 Streptonyces sennicomposti PTA-127845
OATHO0443 371,372 Streptomyces sennicomposti PTA-127844
OATHO0483 247 Microbacterium | paraoxydans PTA-~127834
OATHO0491 373 Streptomyees misionensis PTA-127841
OATHO0492 248 Streptomyces misionensis PTA-127843
OATHO0493 374 Microbacterium | spO02979655
OATHO032] 249 Strepiomyces musisoli PTA-127837
QOATHO0322 375 Streptomyces echinatus PTA-127836
OATHO0S62 252 Streptonyces PrIRnS PTA-127843
OATHO0363 253 Streptomyces murings PTA-127843
OATHO0364 376 Streptonryces IUPInS PTA-127843
OATHO0ST1 254 Streptomyvees misionensis PTA-127843
OATHO0381 377 Streptomyces sennicomposti PTA-127845
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USID# SEQ ID Nofs) | Genus species Depaosit #
OATHO0591 255 Streptomyces SENNICOINPOSt PTA~127845
OATHO0592 379 Streptomyces sennicomposti PTA-127845
OATHO0593 380 Streptomyces sennicomposti PTA-127845
OATHO0601 256 Streptomyeces achromogenes PTA-127837
OATHO004] 260 Strepiomyces sennicomposti PTA-127845

OATHO0651 383 Streptomyces misionensis

OATHOO661 262, 263 Streptomyvees chartreusis PTA-127837
OATHO0662 384 Streptomyces miusisoli PTA-127836
OATHO0663 385 Streptomyces echinatus PTA-127836
OATHO0681 386 Streptomyces musisofi PTA-127836
OATHO0691 264 Streptomyces sennicomposti PTA-127845
OATHO0692 265, 266 Streptomyees Sennicomposti PTA-127845
OATHOOT01 387 Strepiomyces achromogenes PTA-127836
OATHO0702 206 Streptomyces achromogenes PTA-127836
OATHOG702 388 Streptomyees achromogenes PTA-127836
OATHOO711 267 Strepiomyces senpicomposti PTA-127845
OATHO0741 268 Streptonyces misionensis PTA-127843
OATHO0742 390 Streptomyees misionensis PTA-127842
OATHO0743 389 Siveptomyces misionensis PTA-127842
OATHO0753 269 Streptomyees sennicomposii PTA-127846
OATHO0762 391 Strepiomyces rochei PTA-127844
OATHO0801 270 Streptomyces globosus PTA-127840
OATHO0802 392 Strepiomyees globosus PTA-127840
OATHO0811 393 Paenibacitius cellulositrophicus PTA-127848
OATHOO823 27} Streptomyces RIS PTA-127843
OATHO0851 272 Streptomyees echinatus PTA-127837
OATHO0871 274 Streptomyces sennicomposti PTA-127846
OATHO0881 275 Streptomyees murinus PTA-127843
OATHO0891 394 Strepiomyces misionensis PTA-127842
OATHOO0BY2 | 396,395, 397 | Lysinibacillus sphaericus PTA-127847
OATHO0901 276 Streplomyees sennicomposii PTA-127846
QATHO0912 259, 258 Streptomyces globosus PTA-127844
OATHOOS13 382 Streptonyces nigrescens PTA-127840
OATHO0921 398 Streptomyces griseQincarnatus

OATHO0923 399 Rhodococeus ervthropolis PTA-127834
OATHO0961 277 Streptomyees misionensis PTA-127843
OATHO1002 27§ Streptomyces misionensis PTA-127837
OATHO1003 279 Lysinibacillus capsici PTA-127847
OATHOI02] 301 Strepiomyces achromogenes PTA-127835
QOATHO10Z2 302 Streptomyces achiromogenes PTA-127835
OATHO1071 303 Streptonyces achromogenes PTA-127835
OATHO109] 280 Streptomyces roxyivicini PTA-127846
OATHO1101 306 Streptonryces misisoli PTA-127835
OATHOL102 307 Streptomyvees musisoli PTA-127835
OATHOI112 281 FPsuedomonas £ | paracarnis PTA-127849
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USID# SEQ ID Nofs) | Genus species Depaosit #
OATHO1I21 308 Streptomyces eurythermus PTA~127835
OATHO1141 283 Streptomyces griseoviridis PTA-127841
OATHO1142 300 Streptomyces grisepviridis PTA-127841
OATHOLIRL | 313,311, 310, | Stenotrophiomoena | geniculaty PTA-127849
314,312 §
OATHO1182 284 Strepiomyces sennicomposti PTA-127846
OATHO1183 285 Streptomyces sennicomposti PTA-127846
OATHOI201 286 Streplomyces sennicompost PTA-127846
OATHO1241 %7 Strepiomyces mHsionensis PTA-127843
OATHO1242 317 Strepiomyces achromogenes PTA-127835
OATHO01243 319 Streptomyees eurvthermus PTA-127835
OATHO1244 36 Strepiomyces achromogenes PTA-127835
OATHO1245 318 Streptomyces grisecincarnatus PTA-127835
OATHO1246 288 Strepiomyces eurvihermus PTA-127837
OATHO1247 315 Streptomyces misionensis PTA-127835
OATHOL251 320 Streptomyces ErIns PTA-127835
OATHO1252 289 Bacillus haynesii PTA-127847
OATHO1253 321 Streplomyces UFINTS PTA-127836
OATHO1254 322 Streptomyees griseofiiscus PTA-127836
OATHO1261 290 Strepiomyces achromogenes PTA-127837
OATHO1262 291 Streptonyces achromogenes PTA-127837
OATHO1263 323 Paenibacillus celluiositrophicus PTA-127848
OATHO1271 326 Streptomyces globosus PTA-127839
OATHOI272 324 Pristimantibacill | undefined PTA-127848%
us
OATHO1273 293 Streptomyces globosus PTA-127841
OATH01281 294 Aneurinibacillus | anenrinilyticus PTA-127839
OATHO281 327 Aneurinibaciflus | aneurinilvticus PTA-127839
OATHO1283 329 Strepiomyces globosus PTA-127839
OATHO1285 328 Streplomyces globosus PTA-127839
OATH01291 295 Bacillus licheniformis PTA-127847
OATH01292 331 Strepiomyces globosus PTA-127839
OATHO1293 296 Streptonyces globosus PTA-127841
OATHO1294 330 Streptomyces globosus PTA-127839
OATHO1301 297 Streptomyces globosus PTA~127841
OATHOL302 208 Streptomyces globosus PTA-127841
OATHO1303 299 Streptomyces globosus PTA-127841
OATHUI304 332 Streptomyces globosus PTA~127839
OATHO1305 333 Streptomyces globosus PTA-127839
OATHO1306 334 Streptonryces globosus PTA~127841
OATHOI311 335 Streptonyces globosus PTA-127240
OATHO1312 336 Streptomyces globosus PTA-127840
OATHOI31S 338 Streptomyces globosus PTA~127840
OATHOI3 14 337 Strepiomyces globosus PTA-127840
OATHO131S 339 Streptomyces globosus PTA-127840
OATHUL3 6 340 Streptomyces globosus PTA~127840
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OATHO1331 341 Streptomyces SENNICOINPOSt PTA~127844
OATHO1341 342 Streptomyces glohosus PTA-127840
OATHO1351 343 Streptomyces globosus PTA-127840
OATHOL352 344 Streptomyeces globosus PTA-127840
OATHO1363 300 Brevibacillus panaciluimi PTA-127848
OATHO1371 1949 Paenibacilins celiulosytrophicus PTA~127848
OSATHOI38Z 201 Bacilius velizensis PTA-127848
OATHO1383 200 Bacilius velizensis PTA-127848
OATHO1401 202 Streptomyces hikiniensis PTA-127839
OATHO1411 203 Streptomyces misionensis PTA-127842
OATHO1412 204, 205 Streptomyces murinis PTA-127849
OATHO431 459 Pseudomonags K | oryzae PTA-127849
OATHO1441 479 Baciilus A thuringiensis K PTA-127847
OATHO1451 480, 481 Priestia aryabhattai PTA-127850
OATHOI461 482 Prevdomonas K | oryzae PTA-127849
OATHO1471 484, 483 Bacitlus 1 endophvtica A PTA-127847
OATHO1481 485, 486 Bacilius 1 endophyvtica A PTA-127847
OATHO1491 487 Bacillus safensis PTA-127848
OATHO1301 488 Cupriavidus laharis PTA-127850
OATHOISI 444 Bacillus sublifis PTA-127848
OATHO152] 445, 446 Bacifius T endophviica A PTA-127847
OATHO1531 447 Priestia aryabhatici PTA-127850
OATHO1S41 448 aryabhattai PTA-127850
OATHO1551 449, 450 Priestia arvabhatiai PTA-127850
OATHOLS61 451 Bacilius subltilis PTA-127848
OATHO1571 452 Arthrobacter siceitolerans PTA-127834
OATHO1581 453,454 Priestia megateriin

OATHO1S91 4355 Arthrobacier nitrophenolicus PTA-127834
CATHO160] 457,458, 456 | Pseudomonas delhiensis PTA-127849
OATHUI61 460, 461 Baciilus safensis PTA-127847
OATHO1621 462 Racillus nagroserim PTA-127847
OATHO1631 463 Baciflus subtilis PTA-127848
OATHO 1641 464, 465 Baciffus 1 endophytica A PTA-127847
OATHO165] 466 Psevudomonas delfiensis PTA-127849
OATHO1661 467 Peribacillus Jrigovitolevans A PTA-~127849
OATHOL671 468, 469 Arthrobacier pascens PTA-127834
OATHO168] 470 Baciflus subtilis PTA-127848
OATHO1691 471 Peribacillus Jrigovitolerans 4 PTA-127850
OATHO170] 472 Zhikenglivella spO31178195 (90%;) PTA-127849
OATHO1711 474, 473 Arthrobacter sp0199771935 PTA-127834
OATHOLT21 475 Arthrobacter spO21i20155_(94.97%) PTA-127834
OATHO0173] 476 Arthrobacter sp021129155 PTA-127834
OATHO01741 477 Peribacillus Jrigovitolevans A PTA-~127850
OATHO1751 474 Bacilius subfifis PTA-127848
OATHO1761 412 Nonomiraea rhiodomycinica PTA-127849
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OATHO1771 424 Nocardia Jarcinica PTA~127849
OATHO1781 436 Kocuria turfonensis PTA-127849
OATHO1791 439 Stutzerimonas stutzeri Al PTA-127850
OATHOI801 440 Caldimonas mangrovi (87.99%; PTA-127850
OATHOI81} 441 Arthrobacter phenanthrenivorans PTA-127834
OATHO1821 442 Terrimonas undefined (97%) PTA~127850
OATHC {831 443 Kocuria polaris 4 (91%) PTA-127849
OATHO1841 402, 401 Priestia arvabhatio PTA-127850
OATHO1851 403 Streptomyces albogriseoius PTA-127837
OATHO1861 404 Neorhizobium Jlevam PTA-127850
OATHO1871 4035 Kocuria polaris A (91%) PTA-127849
OATHO 881 406 Bacillus Spizizenii PTA-127843%
OATHO1891 447 Arthrobacter spOOG67 15285 (9554%%) PTA-127834
OATHO1901 408 Kocuria PTA-127849
OATHO1911 409 Actinoplunes PTA-127849
OATHO1921 410 Neorhizobinm petrolearium (83%) PTA-127850
OATHO1931 411 Neorhizobinm flavim PTA-127850
OATHO1941 413 Neorhizabinm Jlevam PTA-127850
OATHO1951 414 Streptomyces nigra PTA-127844
OATHO 1961 415, 416 Bacillus inaguosorum PTA-127847
OATHO1971 417 Microvirga sp22346925 (95%:) PTA-127848
OATHO1981 118 Agromces spU31178025 (89%%)

OATHO1991 419 Racillus spizizenii PTA-127848
OATHO2001 420 Bacillus spizizenii PTA-127848
OATHO2011 421 Microbispora spGi4i61445 PTA-127849
OATHO2021 422 Erythrobacter spO06542605_{92%) PTA-127850
OATHO2031 423 Streptomyces albhogriszolis PTA-127838
OATHO2041 425 Streptomyees albogriseoius PTA-127838
OATHO2051 426 Strepiomyces bobifi PTA-127839
OATHO2061 428,427 Streptomyces griseoruber (95%) PTA-127834
OATHO2071 429 Streplomyees spO00721605 PTA-127846
OATHO2081 430 Streptomyces fairssanovii (95%) PTA-127835
OATH02091 431 Streptomyces spG 19049245 (91%0) PTA-127835
OATHO210] 432 Allosphingosinice | sp0h11320075 (95%) PTA-127850

Ha
OATHO2111 433 Muycetocola 4 miduiensis (93%) PTA-127849
OATHO2121 434 Nocardicides undefined (96%) PTA-127849
OATHO2131 435 Bacillus paralicheniformis PTA-127847
OATHO2141 437 Streptonyces globosus PTA-127839
OATHO2151 438 Bacillus paralicheniformis PTA-127847
f6031] As shown in Example 32, the onginal 140 stocks (ATCC deposit #s PTA-127367

through PTA-127413 as shown in Table 2 and Qath-maintained deposits 0-46 through (-140)

were sequenced using PacBio full length 168 RNA gene sequencing. Once the results were ready
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168 sequences were dentified using GenBank’s data base and sequence homology searches.
99% sequence identity was used as the threshold value 1o add a species name 1o cach 168 geone.
The outcome of this analyses showed that multiple of the original 140 stocks comprised more
than one microbial species. A new set of internal stocks was developed comprising single
microbial isolates. Literature and conventional microbiology knowledge were used to select
correct phenotypes for further sequencing evaluation. If there were any unknown phenotypes
they were also sent for 168 sequencing. The effort resulted in the production of the isolates
shown in Table 32 {Example 32}, reproduced below. Table 32 shows the updated isolate (1D#
and taxonomic prediction) information as well as its corresponding designation from Table 1
(Strain # and Genus/Species). The maiches are represented with BLAST comparisons of the 168
rRNA sequences. BLAST values (% identity and alignment length) are shown under the
alignment info. Using Tables 1, 2, 24, and 32, deposit numbers, 165 rRNA genetic sequences,
and genus and species designations of the bactena depostied with ATCC on November 13, 2022
may be maiched with those depostted on Getober 30, 2024,

Table 32: isolate correlation matrix

Updated isolate Designation from Table 1 Alignment info.
Align
ment
Strain Y% lengt
1% BesiTaxa # Genus/Species identity h
OATH | Streptomyces 1 Streptomyces 100 1448
0011 | toxytricini globosus
OATH | Streptomyces 8 Streptomyces 100 1448
00021 | echinatu sp. OQATH ©
QATH | Strepfomyces 10 Streptomyees 100 1448
30031 | sennicomposii sp. OATH £
OATH | Streptomyces 12 Streptomyces 100 1448
00041 | bikiniensis bikiniensis
OATH | Streptomyces 18 Streptomyces 100 1448
00051 | rechei rochel
OATH | Streptomyces 18 Streptomyces 100 1448
00052 | rochei rochel
OATH | Streptontyces 18 Streptomyces 100 1448
(30083 | rochsl roche)
QATH | Strepfomyces 10 Streptomyees 99.033 1448
30071 | ssnnicomposti sp. OATH £
QATH | Streptomyces 10 Streptomyces 99.033 1448
00072 | sennicomposti sp. QATH E
QATH | Streptomyces 11 Streptomyces 100 14583
00081 | rechei fimbriatus
OATH | Streptomyces 12 Streptomyces 100 1448
00091 | piluniensis bikiniensis
OATH | Streptomyces 166 Streptomyces 100 1218
00101 | sennicomposti spo00105755
OATH | Pseudomonas £ 187 | Streptomyces 100 €23
30102 | paracariis sp. DATH 81
QATH | Pseudomaonas £ 10 Streptomyces 100 878
00102 | paracamis sp. QATH £
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Updated isolate Designation from Table 1 Alignment info.
Alkan
ment
Strain % lengt
ID¥ | BestTaxa # Genus/Species identity h
OATH | Streptomyces 24 Pseudomonas 100 1458
00103 | sennicomposti azotcformans
QATH | Microbacterium 9 Streptomyces 93.814 1485
00143 | oxydans sp. OQATH 30
QATH | Streptomyces 23 Streptomyces 100 1450
00144 | grissoincarnatus grissoincarnatus
OATH | Streptomyces 17 streptomyces 100 1447
00223 | misionensis misiohensis
OATH | Microbacterium a9 Streptomyces 92.9885 1458
00224 | paraoxydans sp. OATH 30
OATH | Streptomyces 4 Streptomyces 100 1448
00241 | sennicomposti sp. DATH A
QATH | Strepfomyces 57 Streptomyces 100 812
00242 | ssnnicomposli sp. OATH 27
QATH | Streptomyees 57 Streptomyces 100 812
00243 | senniconiposti sp. OATH 27
OATH | Streptomyces 3 Streptomyces 100 1447
00252 | misionensis misichensis
OATH | Streptomyces 3 Streptomnyces 100 1447
00253 | misionensis misiocnensis
OATH | Streptomyces 2 Streptomyces 100 1447
00281 | murinus griseofuscus
OATH | Streptomyces 2 Streptomyces 100 1447
00262 | murinus yriseniuscus
QATH | Streptomyces 2 Streptomyeces 100 1447
00283 | murinus griseoiuscys
QATH | Streptomyces 2 Streptomyces 100 1447
00264 | murinus grissofuscus
OATH | Streptomyces 18 Streptornyces 100 1446
00291 | grisecaurantiacus grisgoaurantiacuys
OATH | Streptomyces 18 Streptomyces 100 1446
00292 | grisevaurantiacus grisepaurantiacus
OATH | Streptomyces 10 Streptomyces 100 1217
00301 | ssnnicomposti sp. OATH £
QATH | Streptomyces 15 Streptomyeces 100 1480
00312 | baciflari bacifiaris
QATH | Streptomyces 15 Streptomyces 100 1450
0313 | bacillari bacillaris
OATH | Streptomyces [§ Streptomyces 100 1448
00321 | grisecincarnatus sp. OATH C
OATH | Streptomyces a8 Streptomyces 100 1448
00322 | echinatus sp. OQATH ©
OATH | Streptoniyces 8 Streptomyces 100 1448
00323 | echinatus sp. DATH C
OATH | Streptomyces 3 Streptomyces 100 1447
00331 | misionensis misionensis
QATH | Microbacterium 99 Streptomyces 92.376 1456
00342 | resistens sp. OATH 30
OATH | Streptomyces 58 Streptomyces 100 1278
00343 | achromogenes sp. OATH 12
OATH | Streptomyces 11 Streptomyces 100 1453
003581 | olivaceus fimbriatus
OATH | Streptoniyces 11 Streptomyces 100 1453
00352 | ofivaceus fimbriatus
QATH | Streptomyces 174 | Lysinibacifius 93.859 410
00352 | olivaceus capsici
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Updated isolate Designation from Table 1 Alignment info.
Alkan
ment
Strain % lengt
ID¥ | BestTaxa # Genus/Species identity h
OATH | Streptomyces 11 Streptomyces 100 1453
00358 | rochsi fimbriatus
QATH | Strepfomyees 22 Streptomyces 100 1448
00354 | antibiolicus antibioticus 8
QATH | Streptomyces 22 Streptomyces 100 1448
00371 | antibioticus antibioticus B
OATH | Streptomyces 22 streptomyces 100 1448
00372 | antibioticus antibicticus B
OATH | Streptomyces 5 Streptomyces 100 14489
00373 | antibioticus sp. OATH B
OATH | Streptomyces 22 Streptomyces 100 1448
00374 | antibioticus antibicticus B
QATH | Strepfomyces 22 Streptomyces 100 1448
30375 | antibiolicus antibioticus B
QATH | Streptomyees 22 Streptomyces 100 1448
GO376 | antibioticus antibioticus 8
OATH | Streptomyces 1968 | Streptomyces 99.56G7 1218
00381 | sennicomposti sp001058755
OATH | Streptomyces 3 Streptomnyces 100 1447
00382 | misionensis misiocnensis
OATH | Streptomyces 10 Streptomyces 99.517 1448
00383 | sennicomposti sp. DATH E
OATH | Streptomyces 10 Streptomyces 99.102 1448
00384 | sannicomposti sp. OATH £
QATH | Streptomyces 64 Streptomyeces 100 1276
00382 | baciflari CHVOUTEnsis
OATH | Streptomyces 10 Streptomyces 99.033 1448
00402 | sennicomposti sp. OATH E
OATH | Streptomyces 10 Streptornyces 100 1217
00403 | sennicomposti sp. OATH E
OATH | Streptomyces 10 Streptomyces 99.033 1443
00404 | sennicomposti sp. DATH E
OATH | Streptomyces 129 | Streptomyces 100 €58
00412 | grisesincarnatus misicnensis
QATH | Streptomyces 139 | Streptomyces 100 432
00412 | griseoincarnatus sp. QATH 48
OATH | Streptomyces 170 | Streptomyces 100 332
00412 | grissoincarnatus sp.OATH 57
OATH | Streptomyces 3 Streptomyces 100 1447
00413 | misionensis misichensis
OATH | Streptomyces 3 Streptomyces 100 1447
00421 | misionensis misiohensis
OATH | Streptoniyces 3 Streptomyces 100 1447
00422 | misionensis misionensis
OATH | Streptomyces 3 Streptomyces 100 1447
00423 | misionensis misionensis
QATH | Streptomyvees 3 Streptomyces 100 1447
00424 | misionensis misiocnensis
OATH | Streptomyces 3 Streptomyces 100 1447
00425 | misionsnsis misiohansis
OATH | Streptomyces 10 Streptomyces 100 1217
00442 | sennicompuosti sp. OATH &
OATH | Streptoniyces 10 Streptomyces 100 €31
00443 | sennicomposti sp. DATH E
OATH | Streptomyces 187 | Streptomyces 100 €23
00443 | sennicomposti sp. DATH 61
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Updated isolate Designation from Table 1 Alignment info.
Alkan
ment
Strain % lengt
ID¥ | BestTaxa # Genus/Species identity h
OATH | Microbacterium ag Streptomyces 93.814 1455
00483 | paracxydans sp. DATH 20
QATH | Strepfomyees 3 Streptomyces 100 1447
00481 | misionensis misionensis
QATH | Streptomyces 3 Streptomyces 100 1447
00492 | misionensis misicnensis
OATH | Microbacterium 99 streptomyces 93.814 1455
00493 | sp002979655 sp. QATH 30
OATH | Streptomyces a8 Streptomyces 100 1448
00521 | musisol sp. OATH C
OATH | Streptomyces & Streptomyces 100 1448
00522 | echinatus sp. DATH C©
QATH | Strepfomyces 2 Streptomyces 100 1447
00562 | murinus yriseniuscus
QATH | Streptomyees 2 Streptomyces 100 1447
C05E3 | murinus grissofuscus
OATH | Streptomyces 2 Streptomyces 100 1447
00564 | murinus grissofuscus
OATH | Streptomyces 3 Streptomnyces 100 1447
00571 | misionensis misiocnensis
OATH | Streptomyces 10 Streptomyces 100 1217
00581 | sennicomposti sp. DATH E
OATH | Streptomyces 10 Streptomyces 99.033 1448
00581 | sannicomposti sp. OATH £
QATH | Streptomyces 186 | Streptomyces 100 1218
00682 | sennicomposti spQUOTNE755
QATH | Streptomyces 10 Streptomyces 99.448 1448
00593 | sennicomposti sp. OATH E
OATH | Streptomyces 5 Streptornyces 100 144¢
00801 | achromogenes sp. OATH B
OATH | Streptomyces 10 Streptomyces 100 1443
00641 | sennicomposti sp. DATH E
OATH | Streptomyces 3 Streptomyces 100 1447
00651 | misionensis misionensis
QATH | Streptomyces 174 | Lysinibacifius 87.705 488
006881 | charlreusis capsici
QATH | Streptomyces & Streptomyces 100 1448
006881 | chartreusis sp. OATH C
OATH | Streptomyces [§ Streptomyces 100 1448
00862 | musisoli sp. OATH C
OATH | Streptomyces a8 Streptomyces 100 1448
00663 | echinatus sp. OQATH ©
OATH | Streptoniyces 8 Streptomyces 100 1448
00681 | musisoli sp. DATH C
OATH | Streptomyces 10 Streptomyces 99.507 1218
30681 | sennicomposti sp. OATH £
QATH | Streptomyvees 180 | Pseudomaonas 87.013 462
0682 | senniconmpost! azofoformans
OATH | Streptomyces 10 Streptomyces 99.033 1448
00882 | senniconiposti sp. OATH E
OATH | Streptomyces 5 Streptomyces 100 1448
00701 | achromogenes sp. OATH B
OATH | Streptoniyces 5 Streptomyces 100 1448
00702 | achromogenes sp. OATH B
OATH | Streptomyces 10 Streptomyces 99.033 1448
00711 | sennicomposti sp. DATH £
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Updated isolate Designation from Table 1 Alignment info.
Alkan
ment
Strain % lengt
ID¥ | BestTaxa # Genus/Species identity h
OATH | Streptomyces 3 Streptomyces 100 1447
00741 | misionensis misionensis
QATH | Strepfomyees 3 Streptomyces 100 1447
00742 | misionensis misionensis
QATH | Streptomyces 3 Streptomyces 100 1447
00743 | misionensis misicnensis
OATH | Streptomyces 10 streptomyces 99.448 1448
00753 | sennicomposti sp. OATH £
OATH | Streptomyces 18 Streptomyces 100 1448
00762 | rochsi rochel
OATH | Streptomyces 1 Streptomyces 100 1448
00801 | globosus globosus
QATH | Strepfomyces 1 Streptomyces 100 1448
00802 | globosus globosus
QATH | Paenibacifius 59 Paenibaciiius 100 1266
00811 | cellufositrophicus cefiuiositrophicus A
OATH | Streptomyces 2 Streptomyces 100 1447
00823 | murinus grissofuscus
OATH | Streptomyces a8 Streptomnyces 100 1448
00851 | echinatus sp. QATH ©
OATH | Streptomyces 10 Streptomyces 99.931 1448
00871 | sennicomposti sp. DATH E
OATH | Streptomyces 2 Streptomyces 100 1447
00881 | murinus yriseniuscus
QATH | Streptomyces 3 Streptomyeces 100 1447
00881 | misionensis misionensis
OATH | Lysinibacifius 128 | Streptomyces 98.243 569
00892 | sphaericus misionensis
OATH | Lysinibacilius 182 | Lysinibacilfus 98.711 1474
00892 | sphaericus capsici
OATH | Lysinibacifllus 176 | Streptomyces 99.685 634
00892 | sphasricus sp.OATH 57
OATH | Streptomyces 4 Streptomyces 00 1448
00901 | ssnnicomposti sp. OATH A
QATH | Streptomyces 45 Streptomyeces 100 1451
00912 | giebosus fydicus
QATH | Streptomyces 174 | Lysinibaciiius 81.481 108
0912 | giobosus capsici
OATH | Streptomyces 1 Streptomyces 100 1448
00813 | nigrescens globosus
OATH | Streptomyces 23 Streptomyces 100 1450
00021 | grisecincarnaius grisgoincarnalus
OATH | Rhodococeus 146 | Rhodococcus 100 1440
00928 | ervthropolis ervthropolis
OATH | Streptomyces 3 Streptomyces 100 1447
00981 | misionensis misionensis
QATH | Streptomyvees 5 Streptomyces 100 1449
G1002 | misionensis sp. QATH B
OATH | Lysinibacifius 174 | Lysinibaciius 100 1279
01003 | capsici capsici
OATH | Streptomyces 5 Streptomyces 100 1448
01021 | achromogenes sp. OATH B
OATH | Streptoniyces 5 Streptomyces 100 1448
01022 | achromogenes sp. OATH B
OATH | Streptomyces 5 Streptomyces 100 1445
01071 | achromogenes sp. DATH B
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Updated isolate Designation from Table 1 Alignment info.
Alkan
ment
Strain % lengt
ID¥ | BestTaxa # Genus/Species identity h
OATH | Streptomyces 1 Streptomyces 100 1448
01081 | toxviricini globosus
QATH | Strepfomyees S Streptomyces 100 1448
01101 | musisoli sp. QATH C
QATH | Streptomyces <] Streptomyces 100 1448
01102 | musisoli sp. OATH C
OATH | Pseudomonas 188 | Pseudomonas 100 1459
C1112 | paracamis azotoformans
OATH | Streptomyces 5 Streptomyces 100 14489
01121 | eurvihermus sp. OATH B
OATH | Streptomyces &0 Streptomyces 100 1447
01141 | griseoviridis riseoviridis A
QATH | Strepfomyces &6 Streptomyces 100 1447
01142 | griseoviridis yriseoviridis A
QATH | Stenotrophomonas 197 | Streptomyces 100 460
01181 | geniculata sp. OATH 61
OATH | Stenotrophomonas 170 streptomyces 100 742
01181 | geniculata sp, QATH &7
OATH | Stenotrophomonas 211 Streptomnyces 100 20
01181 | geniculala bacillaris
OATH | Stenotrophomonas 183 | Streptomyces 80.768 104
01181 | genicufata globosus
QATH | Stenotrophomonas 183 | Bradyrhizobium 78.408 8a
01181 | geniculata denitrificans
QATH | Streptomyces 10 Streptomyeces 100 1217
31182 | sennicomposti sp. OATH £
OATH | Streptomyces 10 Streptomyces 100 1217
01183 | senniconmposti sp. OATH E
OATH | Streptomyces 10 Streptornyces 99.033 1448
01201 | sennicomposti sp. OATH E
OATH | Streptomyces 3 Streptomyces 100 1447
01241 | misionensis misionensis
OATH | Streptomyces 5 Streptomyces 100 1445
01242 | achromogenes sp. OATH B
QATH | Streptomyces 5 Streptomyeces 100 1449
01243 | survthermus sp. QATH B
QATH | Streptomyces 5 Streptomyces 100 1449
01244 | achromogenes sp. OATH B
OATH | Streptomyces 5 Streptomyces 100 1449
01245 | grisecincarnatus sp. OATH B
OATH | Streptomyces 5 Streptomyces 100 1448
01248 | sundhermus sp. OATH R
OATH | Streptoniyces 5 Streptomyces 100 1448
01247 | misionensis sp. DATH B
OATH | Streptomyces 2 Streptomyces 100 1447
01251 | murinus Jriseofuscus
QATH | Bacifius 186 | Lysinibacifius 94.1684 1268
01252 | haynesii capsict
OATH | Streptomyces 2 Streptomyces 100 1447
01253 | murinus grissofuscus
OATH | Streptomyces 2 Streptomyces 100 1447
01254 | griseofuscus grissofuscus
OATH | Streptoniyces 5 Streptomyces 100 1448
01261 | achromogenes sp. OATH B
OATH | Streptomyces 5 Streptomyces 100 1445
012682 | achromogenes sp. DATH B
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Updated isolate Designation from Table 1 Alignment info.
Alkan
ment
Strain % lengt
ID¥ | BestTaxa # Genus/Species identity h
OATH | FPasnibaciflus 59 Pasnibaciiius 100 1266
01283 | ceflufositrophicus cefiujositrophicus A
QATH | Strepfomyees 1 Streptomyces 100 1448
01271 | gfobosus globosus
QATH | Prstimantibaciiius 85 Paenibaciiius 96.9214 1234
01272 | undefined cellulositrophicus A
OATH | Streptomyces 1 Streptomyces 100 1448
01273 | giobosus globosus
OATH | Aneurinibaciilus 185 | Lysinibacilius 88.784 1480
01281 | ansurinilyticus capsic
OATH | Streptomyces 1 Streptomyces 100 1448
01283 | giobosus globosus
QATH | Strepfomyces 1 Streptomyces 100 1448
01285 | globosus globosus
QATH | Bacifius 183 | Lysinibaciffus $1.87 1476
01281 | licheniformis capsici
OATH | Streptomyces 1 streptomyces 100 1448
01292 | giobosus glohosus
OATH | Streptomyces 1 Streptomnyces 100 1448
01293 | globosus globosus
OATH | Streptomyces 1 Streptomyces 100 1448
01284 | globosus globosus
OATH | Streptomyces 1 Streptomyces 100 1448
01301 | giebosus globosus
QATH | Streptomyces 1 Streptomyeces 100 1448
01302 | giebosus globosus
QATH | Streptomyces 1 Streptomyces 100 1448
01303 | globosus globosus
OATH | Streptomyces 1 Streptornyces 100 1448
01304 | giobosus globosus
OATH | Streptomyces 1 Streptomyces 100 1443
01305 | globosus globosus
OATH | Streptomyces 1 Streptomyces 100 1448
0130€ | globosus globosus
QATH | Streptomyces 1 Streptomyeces 100 1448
01311 | glebosus globosus
QATH | Streptomyces 1 Streptomyces 100 1448
01312 | giobosus glohosus
OATH | Streptomyces 1 Streptomyces 100 1448
01313 | globosus globosus
OATH | Streptomyces 1 Streptomyces 100 1448
01314 | globosus globosys
OATH | Streptoniyces 1 Streptomyces 100 1448
01315 | globosus globosus
OATH | Streptomyces 1 Streptomyces 100 1448
01316 | globosus globosus
QATH | Streptomyvees 10 Streptomyces 100 1217
01331 | senniconipost! sp. OATH E
OATH | Streptomyces 1 Streptomyces 100 1448
01341 | globosus glohosus
OATH | Streptomyces 1 Streptomyces 100 1448
01351 | globosus globosus
OATH | Streptoniyces 1 Streptomyces 100 1448
01352 | globosus globasus
QATH | Brevibaciilus 174 | Lysinibacifius 91.424 1271
01383 | panacihumi capsici
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Updated isolate Designation from Table 1 Alignment info.
Alkan
ment
Strain % lengt
ID¥ | BestTaxa # Genus/Species identity h
OATH | FPasnibaciflus 59 Pasnibaciiius 100 1266
01371 | csflufosyirophicus cefiujositrophicus A
QATH | Baciflus 182 | Lysinibaciffus 92.333 1226
01382 | velizensis capsict
OATH | Bacillus 162 | Lysinibaciius 91.667 147€
01383 | velizensis capsict
OATH | Streptomyces 12 Streptomyces 100 1448
01401 | bikinisnsis bikinignsis
OATH | Streptomyces 3 Streptomyces 100 1447
01411 | misionensis misionensis
OATH | Streptomyces &0 Pseudomonas 88.429 420
01412 | murinus flucrescens
QATH | Strepfomyces 111 Streptomyces 89.011 1466
01412 | murinus sp. OATH 39
QATH | Pseudomonas_K 82 Pssudomaonas 094.884 1466
01431 | oryzae flucrescens
OATH | Bacillus_A 174 | Lysinibacifius 94266 1273
01441 | thuringiensis K capsici
OATH | Prieslia 180 | Lysinibacilfus 89.931 437
01451 | arvabhatiai capsici
OATH | Frisstia 174 | Lysinibacillus 94 502 1017
01451 | arvabhatiai capsic
QATH | Pseudomonas K 82 Pseudomonas 94.884 1466
31481 | oryzae flucrgscens
QATH acifius_{ 174 | Lysinibacifius 94.701 1019
31471 | endophytica A capsict
OATH | Bacillus_{ 163 | Lysinibaciiius 87.14¢ 529
01471 | endoghvtica A capsici
OCATH | Baciflus_{ 183 | Lysinibacilfus 87.18% 523
01481 | endophytica A capsici
OATH | Baciflus_{ 174 | Lysinibacillus 94.706 1020
01481 | endophytica A capsic
OATH | Baciflus 182 | Lysinibacillus 92.417 1477
01481 | safensis capsici
QATH | Cupriavidus 28 Pssudomonas 82.787 1464
01501 | lahars koreansis
OATH | Bacillus 166 | Lysinibaciiius 8375 1216
01511 | subtiiis capsic
OATH | Bacillus 1 163 Lysinibaciiius 87.18¢ 523
01521 | endophytica A capsici
OATH | Bacillus_{ 174 | Lysinibacillus 894.706 1020
01521 | endophytica A capsic
OATH | Friestia 186 | Lysinibacillus 92.886 1476
01531 | arvabhattal capsici
QATH | Prigstia 180 | Lysinibacilius 93.055 1411
01541 | aryvabhaital capsici
QATH | Prestia 180 | Lysinibaciius 89.931 437
01551 | aryabhaital capsict
OATH | Prestia 174 | Lysinibaciius 94.562 1017
01551 | aryabhattal capsici
OATH | Baciflus 168 Lysinibaciiius 93.745 1231
01581 | supidis capsic
OATH | Arthrobacter 32 Micrococcus 96.508 1260
01571 | siccitolerans futeus
QATH | Prigstia 180 | Lysinibacilius 89.831 437
01581 | megaterium capsici
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Updated isolate Designation from Table 1 Alignment info.
Alian
ment
Strain % lengt
ID¥ | BestTaxa # Genus/Species identity h
OATH | Frisstia 174 | Lysinibacillus 94.834 758
01581 | megatsrium capsici
QATH | Arthrobacter 32 Microcoocus 95,859 1449
01581 | nifrophenolicus futeus
OATH | Pseudomonas 163 | Lysinibaciius 91.604 6867
01601 | defhiensis capsict
OATH | Pseudomonas 82 Pseudomonas 94.884 1466
01601 | dethignsis fiuorescens
OATH | Pseudomonas 174 | Lvsinibacilius 94,137 614
015601 | defhiensis capsic
OATH | Baciflus 168¢ | Lysinibacillus 91.785 353
01611 | safengis capsici
QATH | Baciflus 182 | Lysinibaciffus 92,959 1051
01611 | safensis capsici
QATH | Bacifius 166 | Lysinibaciffus 093.853 1269
01621 | inaguosorum capsici
OATH | Bacillus 168 | Lysinibacifius 33.75 121€
01631 | subtilis capsici
OCATH | Baciltus_{ 1683 | Lysinibacilius 87.783 442
01841 | endophytica A capsici
OATH | Baciflus_{ 174 | Lysinibacillus 94.701 1018
01641 | endophytica A capsic
QATH | Pseudomonas 82 Pseudomonas 94.884 1466
01651 | delhiensis fluorgscens
QATH | Peribaciiius 185 | Lysinibacifius 93.234 1478
01681 | frigorifolerans A capsict
OATH | Arthrobacter 32 Micrococcus 98.3065 384
01671 | pascens futeus
OATH | Arthrobacter 32 Micrococcus 95.387 1084
01671 | pascens juteus
OATH | Baciflus 1686 | Lysinibacilfus 83.75 1216
01681 | sublilis capsic
QATH | Peribacifius 155 | Lysinibaciftus 93.542 1408
01681 | frgoritolerans A capsici
QATH | Zhihenglivelia 32 Microcoocus 85.73 1482
31701 | sp031178195 luteus
OATH | Arthrobacter 32 Microcoecus 95.772 1017
01711 | sp019877185 futeus
OATH | Arthrobacter 43 Micrococcus 94,622 502
01711 | sp0189771025 futeus
OATH | Arthrobacter 32 Micrococcus 95.85¢ 1440
01721 | sp021128185 juteus
OATH | Arthrobacter 32 Micrococcus 95,858 1448
01731 | sp021129155 luteus
QATH | Peribacifius 185 | Lysinibacilius 93.234 1478
01741 | frigoritolerans A capsici
QATH | Bacifius 174 | Lysinibacifius 94.872 878
01751 | subtilis capsict
OATH | Nonomuraea 50 Streptomyces 89.931 1450
01761 | rhodomycinica grissoviridis A
OATH | Nocardia 146 | Rhodococcus 36.53 1441
01771 | farcinica ervifiropolis
OATH | Kocuila 32 Micrococcus 84,345 1450
01781 | turfanensis juteus
QATH | Stutzerimonas 71 Pseudomonas 97.944 14583
01781 | stutzer Al sp. OATH 15
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Updated isolate Designation from Table 1 Alignment info.
Alkan
ment
Strain % lengt
ID¥ | BestTaxa # Genus/Species identity h
OATH | Caldimonas 1687 | Pseudomonas 83.424 1466
01801 | mangrovi azotcformans
QATH | Arthrobacter 32 Microcoocus 96.066 1449
01811 | phenanthrenivorans futeus
OATH | Terrimonas 145 | Bradyrhizobium 74.859 1420
01821 | undefined elkanii
OATH | Kocutia 32 Micrococcus 895.37¢ 1450
01831 | polaris A futeus
OATH | Friestia 174 | Lysinibacilius 94 592 1017
01841 | arvabhatial capsic
OATH | Frisstia 1686 | Lysinibacillus 80.038 532
01841 | aryabhattal capsici
QATH | Strepfomyces 73 Streptomyces 99.379 1449
01851 | albogrisesius nigra
QATH | Neorhizobium 21 Microvirga 90.149 1411
C18¢€1 | flavum sp. OATH 1
OATH | Kocutia 148 | Rhodococcus 31.69 1444
01871 | pofaris A erythropolis
OATH | Bacililus 185 | Lysinibacilius 91.875 1477
01881 | spizizenii capsici
OATH | Arthrobacter 32 Micrococcus g5.58 1448
01891 | spl06715285 juteus
QOATH | Kocuria 32 Micrococcus 95.378 1450
31901 | polais A iuteus
QATH | Actinoplanes 146 | Rhodococeus 91.407 1443
31911 | aureus ervthropolis
OATH | Neorhizobium 145 | Bradyrhizobium 90.768 1410
01921 | petrolearivm elkanii
OATH | Neorhizobium 21 Microvirgs 90.14¢ 1411
01931 | flavum sp. OATH 1
OATH | Neorhizobium 21 Microvirga 90.148 1411
01841 | flavum sp. DATH 1
OATH | Streptomyces 72 Streptomyces 99.838 1232
31951 | nigra sp0a1509795
QATH | Baciflus 185 | Lysinibacifius 88.785 535
31981 | inaguosorum capsict
OATH | Bacillus 166 | Lysinibaciiius 93.9%¢ 1016
01981 | inaguasorum capsic
OATH | Microvirga 21 Microvirga 97.871 1409
01971 | sp022348925 sp. OATH 1
OATH | Agromyces 32 Micrococcus 91.758 1456
01981 | sp031178025 juteus
OATH | Baciflus 1686 | Lysinibacillus 93.127 1295
01981 | spizizenii capsici
QATH | Bacillus 186 | Lysinibacilius 93.127 1295
02001 | spizizenii capsici
QATH | Microbispora 98 Streptomyces 90.809 1458
02011 | sp0714161445 OATH 28
OATH | Erythrobactsr 21 Microvirga 86.803 1417
02021 | sp008542605 sp. OATH 1
OATH | Streptomyces 73 Streptomyces 899.37¢ 1448
02031 | albogriseolus nigra
OATH | Streptoniyces 73 Streptomyces 99.378 1448
02041 | albogriseofus nigra
OATH | Streptomyces 8 Streptomyces 98.683 1445
(2051 | bobii sp. DATH C
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Updated isolate Designation from Table 1 Alignment info.
Alian
ment
Strain % lengt
ID¥ | BestTaxa # Genus/Species identity h
OATH | Streptomyces 187 | Streptomyces 99.104 558
02081 | grisecruber sp. DATH 61
QATH | Strepfomyees 17 Streptomyces 97.933 628
02061 | griseoruber misionensis
OATH | Streptomyces 73 Streptomyces 96.88€ 1449
02071 | sp000721606 nigra
OATH | Streptomyces B34 Streptomyces 98.414 1450
02081 | kurssanovii CRYOUrensis
OATH | Streptomyces a8 Streptomyces 98.896 14489
02091 | sp018048245 sp. OATH C
OATH | Aflosphingosinicelia 21 Microvirga 87.8 1418
(52101 | sp011320075 sp. DATH 1
QATH | Mycefocola A 9 Streptomyces 91.736 1482
02111 | miduisnsis sp. OATH 30
QATH | Nocardioides sp. 146 | Rhodococcus 91.967 1444
02121 erythropalis
OATH | Bacillus 168 | Lysinibacifius 93.601 1047
02131 | parajicheniformis capsici
OATH | Streptomyces 1 Streptomnyces 100 1448
02141 | globosus globosus
OATH | Baciflus 1683 | Lysinibacillus 92,005 1476
02151 | paralicheniformis capsic
{0032} Deposits of each of 0-46 through 0140 is and has been maintained by Qath, Inc., or

its predecessors o agents, at either 368 Duncan Farms Rd., Stecle AL 35987, 4136 E Bujia
Segunda, Tucson, AZ, 83718 or 505 Coastal South Blvd., La Jolla, CA. 92307, since prior to the
filing date of this application. Access to these deposits will be available during the pendency of
the application to the Conumnissioner of Patents and Trademarks and persons determined by the
Commissioner to be entitled thereto upon request, as well as to equivalent bodies and persons
outside the United States. Upon allowance of any claims in the application, the Applicant{(s) will
make available to the public without restriction deposits of each of 0-46 through 0140 with the
American Type Culture Collection (ATCC, Manassas, Va) or other deposttory that conforms to
the Budapest Treaty. The bacteria deposited with the ATCC will be taken from the same deposits
maintained at the locations described above. Additionally, Applicant will meet all the
requirements of 37 C.F R, § 1.801-1 809, ncluding providing an indication of the viability of the
sample when the deposit is made.

{3033] This deposit of the aforementioned bacteria will be maintained in the ATCC or other
depository that conforms to the Budapest Treaty, which are public depositories, for a period of
30 years, or S vears after the most recent request, or for the enforceable hife of the patent,
whichever is longer, and will be replaced if it ever becomes nonviable during that period.

Applicant will impose no restrictions on the availability of the deposited matenial, however,

37



10

[y
0

30

WO 2025/097154 PCT/US2024/054441

Applicant has no authority to waive any restrictions imposed by law on the transfer of brological
material or its fransportation in commerce.

[034] In certain cmbodiments, fungi are used, ¢.g., scparately, or in addition to the
Strepiomyces and/or other bacteria. The term “mycorthiza” or “mycorrhizal fungus or fungi,” as
used herein includes a fungal cell associated with a root of a plant. The mycorrhizal fungus can
be an endomycorrhizal fungus or an ectomycorriuzal fungus. The mycorrhizal fungus can be an
Arbuscular endomveorrinzal fungus, Encoid endomyveorrhizal fungus, Arbutowd endomycorrhizal
fungus, Monotropoid endomycorrhizal fungus, orchidaceous endomycordhizal fungus, or
ectendomycorrhizal fungus, or other suitable fungus. In certain cmbodiments, the mycorrhizal
fumgus comprises any ong of the mycorrhizal fungi identified in the FungalRoot database
(Soudzilovskaia et al. (2020) New PHYTOLOGIST; <hitps:/Awvww gbif.org/dataset/744ede2 1-8dd2-
474¢-8a0b-b8c3d56a3c2d>). In certain embodiments endomycorrhizal fungt belonging to

the phyvlum Glomeromycota are used. In embodiments disclosed herein, any switable fungt may
be used. Certain embodiments comprise fungi of one or more of Aspergillus, Chaetomium,
Coniothyrium, Paecilomyces, Penicillium, Phlebia, Rhizopogon, Scleroderma, Lecanicilliu
Sebacing, Alternaria, Beauveria, Cladiosporium, Claroideoglomus, Funneliformis, Glomus,
FLaccavia, Lecaniciliium, Metarhizium, Firiformospora, Pisolithus, Rhizophagus, Serendipita,
Talaromyces, Trichoderma, Mucor, and/or Phanerochaete genera. Certain embodiments
comprise fungi of one or more of Aspergillus, Chaetomium, Conicthyrium, Paecilomyces,
Penicillium, Phiebia, Rhizopogon, Sclevoderma, Lecanicillium, Sebacina, Alternaria, Beauveria,
Cladiosporium, Cloroideogiomus, Funneliformis, Glowmus, Laccavia, Lecaniciliium,
Metarhizium, Piriformospora, Fisolithus, Rhizophagus, Sevendipita, Talaromyces, and/or

Trichoderma gonera.
B. Compositions comprising one of more microbes

I Microbial compositions

[3035] Provided herein are microbial compositions,

{0036} In certain embodiments provided is a compostiion comprising at least 2, 3,4, 5, 6,7,
8.9, 10, 11,12, 13, 14, 153 16, 17,18, 19,20, 22, 25, 30, 35, 40, 30, or 60 and/or not more than
3.4,5,6,7,8 9 10, 11, 12,13, 14, 15,16, 17, 18, 19, 20, 22, 23, 30, 35, 40, 50, 60, 70, 80, or

100, preferably 2-100, more preferably 5-100, even more preferably 3-80, still more preferably

>

>

3-40, yet more preferably 10-80, still yvet more preferably 10-70, even more preferably 10-60,
even still more preferably 10-40, further preferably 10-30, different strains of Strepiomyces
microbes. Any suitable nucrobe nucrobes, such as those described herein, such as those

descnbed in Table 2A, may be used. In certain embodiments the composition further comprises
I8
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cells of one or more non-Sirepfomyces microbes. Any suitable non-Strepromyces microbes, such
as those described herein, may be used. In certain embodiments, two or more of the microbes are
heterologous to cach other. In certain embodiments, the microbes of one or more non-
Strepiomyces microbe comprises microbes of one or more genera comprising Pseundomonas,
Microvirga, Paenibaciilus, Rhodococcus, Lysinibacillis, Actinoplanes, Agromyces,
Allosphingosinicella, Aneurinibacillus, Arthrobacter, Bacillus, Brevibacilius, Caldimonas,
Cupriavidus, Erythrobacter, Kocuria, Microbacierinm, Microbispora, Mycetocola A,
Neorhizobium, Nocardia, Nocardioides. Nonomuraea, Peribacillus, Priestia, Pristimantibacillus,
Stenotrophomonas, Stutzevimonas, Tervimonas, and/or Zhihenglivella. In certain embodiments,
the in one or more non-Streptomyces microbes comprise one or more Pseudomonas microbes;
additionally or alternatively, in certain embodiments the one or more non-Sirepfomyces microbes
comprise one or more Microvirge microbes: additionally or alternatively, 1n certain
embodiments the one or more non-Sfrepromyees nucrobes comprise one or more Paenibacillis
microbes; additionally or alternatively, in certain embodiments the one or more non-
Streptormvces microbes comprise one or more Rhodococcus microbes, additionally or
alternatively, 1 certain embodiments the one or more non-~-Srepfomyces microbes comprise one
or more Lysinibacillus microbes; additionally or alteratively, 1o certain embodiments the one or
more non-Strepiomyees microbes comprise one or more Acfinoplanes microbes; additionally or
alternatively, in certain embodiments the one or more non-Strepromyces microbes comprise one
or more Agromyces microbes; additionally or alteratively, in certain embodiments the one or
more non-Strepiomyces microbes comprise one or more Allosphingosinicella microbes;
additionally or alternatively. in certain embodiments the one or more non-Strepfomyces microbes
comprise one or more Aneurinibacilius microbes; additionally or alternatively, 10 certain
embodiments the one or more non-Strepiomyces microbes comprise one or more Arihrobacter
microbes; additionally or altematively, in certain embodiments the one or more non-
Strepromyces microbes comprise one or more Haci/lus microbes; additionally or alternatively, in
certain embodiments the one or more non-Strepioniyces microbes Comprise one or more
Brevibaciilus microbes, additionally or altematively, in certain embodiments the one or more
non-Strepiomyces microbes comprise one or more Caldimonas microbes | additionally or
altermatively. 1t certain embodiments the one or more non-Srepfomyces maicrobes comprise one
or more Cupriavidus microbes ; additionally or alternatively, in certain embodiments the one or
more non-Strepfomyces microbes comprise one or more Erythrobacter microbes ; additionally
or alternatively, 1o certain embodiments the one or more non-Streptomyces microbes comprise
one or more Kocuria microbes | additionally or alternatively, in certain embodiments the one or
more non-Sirepiomyces microbes comprise one of more Micrebacterium microbes; additionally
79
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or altematively, in certain embodiments the one or more non-Sireptomyces microbes comprise
one or more Microbispora microbes; additionally or altematively, i certain embodunents the
oBe ot more non-Strepiomyces rwicrobes comprise one ot more Mycefocola raicrobes;
additionally or alternatively, in certain embodiments the one or more non-Strepromyces microbes
comprise one or more Neorhizobium microbes; additionally or alternatively, 1n certain
embodiments the one or more non-Strepronyces nucrobes comprise one or more Nocardia
microbes; additionally or alternatively, 1n certain embodiments the one or more non-
Streptopiyees microbes comprise one or more Nocardioides microbes; additionally or
alternatively, 1o cortain embodiments the one or more non~Strepfomyces microbes comprise one
or more Nonomuraea microbes; additionally or altermatively, 1n certain embodiments the one or
more non-Strepiomyees microbes comprise one or more Peribaciilus microbes; additionally or
alternatively, in certain embodiments the one or more non-Strepromyces microbes comprise one
or mare Priestia nucrobes; additionally or alternatively, in certain crobodiments the one or more
non-Streptoniyees microbes comprise one or more Fristimantibacillus microbes, additionally or
alternatively, in certain embodiments the one or more non-Strepfomyces microbes comprise ong
or raore Senofrophiomonas microbes; additionally or alternatively, 1o certain embodiments the
one or more non-Sreplomyces microbes comprise one or more Stufzerimonas microbes;
additionally or alternatively, in certain embodiments the one or more non-Strepfomyces microbes
comprise one or more {errimonas microbes; additionally or altematively, in cortain
embodiments the one or more non-Strepromyees microbes comprise one or more Zhihenglivella
microbes. In certain embodiments the composition comprises one or more of the microbes of
Table 2A. In certain embodiments, the one or more microbes, e.g., Sireptomyces microbes,
comprise a 168 tRNA gene nucleotide sequence that 1s at least 80, 85, 90, 95, 96, 97, 98, 99, or
995 identical, or 100% 1dentical, such as at least 95%, preferably at least 96%, more preferably
at least 97%, even more preferably at least 98%, still more preferably at least 99%, vet still more
preferably at least 99 3% identical to a nucleic acid sequence of one or more of SEQ 1D NOs: 68-
109, 120-198, 202-209, 211-220, 222-246, 248-230, 252-256, 258-278, 280, 282-288, 290-293,
296-299, 301-303, 306-322, 326, 328-344, 346-351, 357-373, 375-377, 379-392, 394, 398, 403,
414,423, 425-431, and/or 437 In certain embodiments the one or more microbes, e.g.,
Streptormyees microbes, comprise a 168 rRNA gene nucleotide sequence that is at least 80, 85
90, 95, 96, 97, 98, 99, or 99.5 1dentical, or 100% identical, such as at least 95%, preferably at
least 96%, maore preferably at feast 97%. even more preferably at least 98%, still more preferably
at feast 999, vet still more preferably at least 99.5% identical to a nucleic acid sequence of one
or more of SEQ ID NGs: 197, 198, 202209, 211-220, 222-246, 248-250, 252-256, 258-278, 280,
282-288, 290-293, 296-299, 301-303, 306-322, 326, 328-344, 346-351, 357-373, 375-377, 379-
=3{}-
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392, 394 398, 403, 414, 423, 425-431, and/or 437, In certain embodiments, cach microbe is
present in a concentration of at least 107, 108, 107, 10%, 10°, or 10'° CFU/em and/or not more than
105, 107, 108, 107, 10" or 101 CFU/am, preferably 10710 101 CFU/am, more preferably 10°%t0
16 CFU/gm, vet more preferably 107 to 10 CFU/gm, even more preferably 10%to 16%
CFU/gm.

[3037] In certain embodiments, provided herein is a composition COmMpIising One oF More
Strepiomyces microbes, wherein the one or ore Strepfomyces microbes comprise a 168 rRNA
gcne nucleotide sequence that is at least 80, 83, 90, 93, 96, 97, 98, 99, or 99.5 identical, or 100%
identical, such as at least 95%. preferably at least 96%, more preferably at least 97%, oven more
preferably at least 98%, still more preferably at least 99%, vet still more preferably at least
99.5% identity to a nucleie acid sequence to one or more of SEQ ID NOs:68-109, 120-198, 202-
209, 211-220, 222-246, 248-250, 252-256, 258-278, 280, 282-288, 290-293, 296-299_301-303,
306-322, 326, 328-344, 346-351, 357-373, 375-377, 379-392, 394, 398, 403, 414, 423, 425-431,
and/or 437. In certain embodiments, the one or more Strepiomyees microbes comprise a 168
rRNA gene nucleotide sequence that 18 at keast 80, 85, 90, 95, 96, 97, 98, 99, or 99.5 identical, or
100% wdentical, such as at least 953%, preferably at least 96%, more preferably at least 97%. even
more preferably at least 98%, still more preferably at least 99%, vet still more preferably at least
99.5% wdentity to a nucleic acid sequence to one or more of SEQ 1D N(s: 197, 198, 202-209,
211-220, 222-246, 248-250, 252-256, 258278, 280, 282-288, 290-293, 296-299, 301-303, 306~
322,326, 328-344, 346-351, 387-373, 375-377, 379-392, 394, 398, 403, 414, 423, 425-431,
and/or 437, In certain embodiments the composition comprises microbes of atleast 2, 3, 4, 5, 6,
7,8.9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 2530, 35, 40, 30, or 60 and/or not more
than 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,22, 25,30, 35, 40, 50, 60, 70, 80,
or 100, preferably 2-100, more preferably 5-80, even more preferably 5-40, still more preferably
$-30, yet more preferably 10-80, still yet more preferably 10-70, even more preferably 10-60, vet
even more preferably 10-30 different Strepromyces strains. o certain embodiments, each
nucrobe is present in a concentration of at least 10° 108, 107 108, 107 or 1010 CFU/gm and/or
not more than 10°%, 107, 108, 10°, 10'° or 101 CFU/gm, preferably 10°to 10% CFU/gm, more
preferably 10%to 10°Y CFU/gm, vet more preferably 107 to 10 CFU/gm, even more preferably
10t 10" CFU/gm. Tn certain embodiments the compasition further comprises celis of one or
more non-Strepromyees nicrobes. Any suitable non-Strepromyces microbes, such as those
desenbed herein, may be vsed. In certain embodiments, two or more of the microbes are
heterologous to cach other. In certain embodiments, the microbes of one or more non-
Srepromyvees microbe comprises microbes of one or more genera comprising Pseudomonas,
Microvirga, Paenibacillus, Rhodococcus, Lysinibacillis, Actinoplanes, Agromyces,

31~



10

[y
0

WO 2025/097154 PCT/US2024/054441

Allosphingosinicella, Anenrinibaciilus, Arthrobacter, Bacilius, Brevibacilius, Caldimonas,
Cupriavidus, Frvthrobacter, Kocuria, Microbacterium, Microbispora, Mycetocola A,
Neorhizobium, Nocardia, Nocardioides, Nonomuraea, Peribacillus, Priestia, Pristimantibacillus,
Stenotrophomonas, Stutzerimonas, Tervimonas, and/or Zhithenglivella. In certain embodiments,
the in one or more non-Strepfomyces microbes COMPrISC one or more Psendomonas microbes;
additionally or alternatively, in certain embodiments the one or more non-Strepromyces microbes
comprise one or more Microvirga macrobes; additionally or alteratively, i certain
embodiments the one or more non-Strepfomyces micrches comprise one or more Paenibacillus
microbes; additionally or alternatively, in certain cmbodiments the one or more non-
Streptoniyces microbes comprise one or more Rhodococcus microbes; additionally or
alternatively, in certain embodiments the one or more non-Strepromyces microbes comprise one
or more Lysinibacilius microbes; additionally or altematively, in certain embodiments the one or
more non-Strepiomyces microbes comprise one or more Actinopianes microbes; additionally or
alternatively, in certain embodiments the one or more non-Strepiomyces microbes comprise one
or move Agromyces microbes: additionally or aliernatively, 1n certain embodiments the one or
more nou-Sireptomyces mucrobes comprise one or more Aflosphingosinicella mucrobes:
additionally or alternatively, in certain embodiments the one or move non~Strepfomyces microbes
comprise one or more Anenrinibacillus microbes; additionally or altematively, in certain
embodiments the one or more non-Sirepfomyces microbes comprise one or more Arthrobacter
nuerobes; additionally or altematively, in certain embodiments the one or more non-
Streptomyces microbes comprise one or more Bacillus macrobes; additionally or alternatively, in
certain embodiments the one or more non-Strepfonyoes microbes COMPIISS One o More
Brevibacillus microbes; additionally or altiematively, in certain embodiments the one or more
non-Srepiomyces microbes comprise one or more Caldimonas microbes | additionally or
alternatively, m certain embodiments the one or more non-Strepromyces microbes comprise one
or more Cupriavidus mucrobes | additionally or altematively, in certain embodiments the one or
more non-Strepromyces microbes comprise one or more Frythrobacter nucrobes | additionally
or altematively, in certain embodiments the one or more non-Strepioniyees microbes comprise
one or more Kocuria microbes | additionally or aliernatively, in certain embodiments the one or
more non-Sfrepromyces microbes comprise one or more Microbacrerium microbes; additionally
or alternatively, in certain embodiments the one or more non-Strepromyces microbes comprise
one or more Microbispora microbes, additionally or alternatively, in certain embodiments the
one or more non-Streptomyces microbes comprise one or more Mycetocola microbes;
additionally or alternatively, in certain embodiments the one or more non-Strepromyces microbes

comprise one or more Neorhizobium microbes: additionally or altematively, in cerfain
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embodiments the one or more non-Strepfomyces microbes comprise one or more Nocardia
microbes; additionally or aliematively, in certain embodiments the one or more non-
Streptomyvees microbes comprise one or more Nocardioides microbes; additionally or
alternatively, in certain embodiments the one or more non-Strepiomyces microbes comprise one
5 ormore Nonomuraes microbes: additionally or altematively, in cortain erabodiments the one or
more non-Strepiomyces raicrobes comprise one or more Peribaciflus maicrobes; addmionally or
alternatively, m certain embodiments the one or more non-Strepromyces microbes comprise one
or more Friesfio microbes; additionally or altematively, in certain embodiments the one or more
non-Strepfomyces microbes comprise one or more Pristimantibacillus microbes, additionally or
10 alternatively, in cerfain embodiments the one or more non-Sfrepfomyces microbes comprise one
or more Stenoirophomonas microbes; additionally or altematively, in certain embodiments the
one or more non-Streplomyces microbes comprise one or more Sfufzerimonas microbes;
additionally or alternatively, in certain embodiments the one or more non-Sirepromyces tucrobes
comprise one or more Terrimonas microbes; additionally or alternatively, in certain

7

embodiments the one or more non-Strepiomyvees microhes comprise one or more Zhihenglinella
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microbes. In cortain embodiments, the composition comprises one or more of the microbes of
Table 2A One or more of the microbes may be heterologous to one or more other microbes.
[3038] In certain embodiments, provided herein is a composition comprising Strepioniyees
spp. microbes and cells of at least one, two, three, four, five, 6.7, 8,9, 10, 11, 12, 13, 14, 15, 17,
20 20,22, 25,2730, or 32 and/or not more than one, two, three, four, five, 6,7, 8.9, 10, 11, 12, 13,
14, 15,17, 20,22, 25, 27, 30, 32, or 35 preferably 2-35, more preferably 3-35, vet more
preferably 53-35, even yet more preferably 5-20, still more preferably 5-15, suchas 2, 3,4, 5.6, 7,
8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,23, 24, 25, 26, 27, 28, 29,30, 31, 32, 33,
34, 01 35 additional microbial species selected from the group consisting of Pseudomonas spp.,
25 Microvirga spp., Paenibacillus spp., Rhodococcus spp., Lyvsinibacillis spp., Actinopianes spp.,
Agromyces spp., Allosphingosinicella spp., Aneurinibacillus spp., Arthrobacter spp., Bacilius spp.,
. Brevibaciilus spp., Caldimonas spp., Cupriavidus spp., Erythrobacier spp., Kocuria spp.,
Microbacterium spp., Microbispora spp., Mvcefocola spp., Neorhizobium spp., Nocardia spp.,
Nocardioides spp., Nonomuraea spp., Peribacillus spp., Priestia spp., Pristimantibacillus spp.,
30 Stenctrophomonas spp.. Stutzerimonas spp., Terrimonas spp., and Zhihenglinella spp. In certain
embodiments, the composttion comprises microbes of at least 2, 3,3, 7, 10, 12, 15, 20, 30, 40, or
50 and/or not more than 3, 5, 7, 10, 12, 13, 20, 30, 40, 50, 60, 80, or 100 different Strepiomyces
strams, for example 2-100 different Streptomyces strains, or 2-40, or 2-30. 1o certain
embodiments, the in one or more non-Streplomyces MICFobes COMPTISE ONE OF MOTE
35 Pseudomonas microbes, such as at least 2,3, 4, 5,6, 7, 8, 10, 12, 14, 16 or 18 and/or not more
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than 3,4, 5, 6,7, 8, 10, 12, 14, 16, 18, 20 or 24 different Pseudomonas strains, for example 2-24
different Psendomonas strains; additionally or alternatively, in certain embodiments the one or
more non-Sfrepromyces mucrobes comprise one or more Microvirga microbes; additionally or

alternatively, in certain embodiments the one or more non-Strepiomyces microbes comprise one

&
N

.

or more Paenibacilius microbes, such as at least 2, 3, 4, 5, 6, or 7 and/or not more than 3, 4,
7, 8, or 10 different Paenibacillus specics, for example 2-10 different Paenibhaciilus strawns;
additionally or alternatively, in certain embodiments the one or more non-Sirepromyces microbes
comprise one or more Rhodococcus microbes, such as at least |, or at least 2 different
Rhodococcus strains; additionally or alternatively, in certain embodiments the one or more non-
Streptomyees microbes comprise one or more Lysinibacillus microbes, such as at least 1, 2, 3, 4,
5, 6, 0or 7 and/or not more than 3, 4, 5, 6, 7, &, or 10 different Lysinibaciilus strains, for example
1-10, preferably 1-5, more preferably 1, or 2, different Lysinibacillus strains; additionally or
alteratively, in certain crabodiments the one or more non-Strepromyces microbes comprise one
or more Aciinopianes microbes; additionally or altematively, in certain embodiments the one or
more non-Sirepiomyces microbes comprise one or more Agromyces microbes; additionally or
alternatively, 1 certain embodiments the one or more non-~-Srepfomyces maicrobes comprise one
or more Allosphingosinicella microbes; additionally or altematively, in certamn embodiments the
one or more non-Strepfomyces microbes comprise one or more Aneurinibacilliug microbes;
additionally or alternatively, in certain embodiments the one or more non-Strepromyces microbes
comprise one or more Arthrobacier microbes, such as at least 2, 3, 4, 3, 6, or 7 and/or not more
than 3,4, 5, 6, 7, 8, or 10 different Artfirobacter strains, for example 2-10 different Arthrobacrer
strains; additionally or alternatively, in certain embodiments the one or more non-Strepromyces
microbes comprise one or more Sacillis microbes, such asatleast 1,2, 3, 4, 5, 6, or 7 and/or not
more than 2, 3, 4, 5, 6, 7, §, or 10 different Baci{lus strains, for example [-10, preferably 2-10
different Bacillus strains, addrtionally or aliernatively, i coertain embodiments the one or more
non-Streplomyces microbes comprise one or more Srevibacillus microbes; additionally or
alternatively, m certain embodiments the one or more non-Strepromyces microbes comprise one
or more Caldimonas microbes ; additionally or alternatively, 1n certain embodiments the one or
more non-Sirepiomyces nuicrobes comprise one or more Cupriavidus microbes ;| additionally or
altermatively. 1t certain embodiments the one or more non-Srepfomyces maicrobes comprise one
or more Erviirobacter microbes | additionally or altematively, in certain embodiments the one
or more non-Strepfomyces microbes comprise one or more Kocuria microbes ;| additionally or
alternatively, in certain crubodiments the one or more non-Strepromyces microbes comprise one
or more Microbacterium mucrobes, such as atleast 1, 2, 3, 4, or 5 and/or not more than 2, 3, 4, 5,

or 6 different Microbacterinm strans, for example 1-6, preferably 1-4, different Microbacterium
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strains; additionally or altematively, in certain embodiments the one or more non-Streplomyces
microbes comprise one or more Microhispora microbes; additionally or alternatively, in certain
cmbodiments the one or more non-~-Strepromyces microhes comprise one or more Mycetocola
microbes; additionally or alternatively, in certain embodiments the one or more non-
Strepiomyces microbes comprise one or more Neorhizobium microbes, such as microbes of 1, or
nucrobes of 2, different Neorhizobium strains; additionally or alternatively, in certain
embodiments the one or more non-Strepromyces nmicrobes comprise one or more Nocardia
microbes, such as microbes of 1, or microbes of 2, different Nocardia strains; additionally or
alternatively, 1o cortain embodiments the one or more non~Strepfomyces microbes comprise one
or more Nocardioides microbes; additionally or altematively, in certain embodiments the one or
more non-Strepiomyees microbes comprise one or more Nonomuraea microbes; additionally or
alternatively, in certain embodiments the one or more non-Strepromyces microbes comprise one
or more Peribacillus roicrobes; addiionally or altematively, n certain embodiments the one or
more non-Sireptomyces microbes comprise one or more Friestio microbes microbes of 1, or
microbes of 2, different Priesfia straing; additionally or alternatively, 1n cortarn embodiments the
one or more non-Strepiomyces microbes comprise one or more Prisiimantibacillus microbes;
additionally or alternatively, in certain embodiments the one or move non-Strepfomyces microbes
comprise one or more Stenoirophomonas microbes; additionatly or altematively, in certain
embodiments the one or more non-Sirepfomyces microbes comprise one or more Stufzerimonas
nuerobes; additionally or alternatively, in certain embodiments the one or more non-
Streptomyces microbes comprise one or more {ervimonas microbes; addrtionally or
alternatively. in certain embodiments the one or more non-Strepfomyces microbes comprise one
or raore Zhihengliveila raicrobes. In certan embodiments, the compasition comprises one or
more of the microbes of Table 2A. In certain embodiments, the one or more microbes, e.g.,
Streptomyces microbes, comprise a 165 rRNA gene nucleotide sequence that 1s at least 80, 85
90, 95, 96, 97, 98, 99, or 99.5 identical, or 100% dentical, such as at least 959, preferably at
least 96%, more preferably at least 97%, even more preferably at least 98%, still more preferably
at least 99%, yet still more preferably at least 99.5% wdentical to a nucleic acid sequence of one
or more of SEQ 1D NQs: 68-109, 120-198, 202-209, 211-220, 222-246, 248-250, 252-256, 258-
278, 280, 282-288, 290-293, 296-299_ 301-303, 306-322, 326, 328-344, 346-351, 357-373, 375-
377.379-392, 394, 398, 403, 414, 423, 425-431, and/or 437. In certain embodunents, the one or
more microbes, e.g.. Strepfomyces microbes, comprise a 165 rRNA gene nucleotide sequence
that 15 at least 80, 853, 90, 95, 94, 97, 98, 99, or 99 5 identical, or 100% identical, such as at least
%, preferably at least 96%, more preferably at least 979, even more preferably at feast 989,

stiil more preferably at least 99%, yet still more preferabiy at least 99.5% identical to a nucleic
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acid sequence of one or more of SEQ ID NQGs: 197, 198 202-209, 211-220, 222.246, 248-230,
252-256, 258-278, 280, 282-288, 290-293, 296-299_ 301-303, 306-322, 326, 328-344, 346-351,
387-373, 375-377,379-392, 394, 308, 403, 414, 423, 425-431, and/or 437.
f0039] In certain embodiments, compositions provided herein comprise mitrogen-fixing
5 bacteria. In certain embodiments, provided is a composition comprising microbes of one or more
Strepromyces species and microbes of at least one non-Sfrepiomyces species, wherein the non-
Strepiomyces species is a nitrogen-fixing species. In certain embodiments the nitrogen-fixing
non-~-Strepiomyces species comprise microbes of one or more of Pseudomonas spp., Microvirga
spp.. Bradvrhyizobium spp., Aureimonas spp., Paenibacillus spp., and/or Lysinibaciilus spp. In
10 certain embodiments the nitrogen-fixing non-Strepiomyces species comprise microbes of one or
morse of Cupriavidus, Neorhizobium, Paenibacillus, Fseudomonas, Bacillus, Arthrobacter,
and/or Lysimbacillus. In certain embodiments the compuosition comprises microbes of
FPseudomonas spp. In certain emabodiments the composition comprises nicrobes of Microvirga

spp. In certain embodiments the compostition comprises microbes of Aureimonas spp. In certain
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embodiments the composition comprises microbes of Paenrbacilius spp. In cortain embodiments

the composition comprises nicrobes of Bradyrhizobium spp. In cortain embodiments the

composition comprises microbes of Lysinibaciilis spp. In certain embodiments the composition
comprises microbes of Bacillus spp. In certain embodiments the composition comprises microbes
of Brevibaciilus spp. In certain embodiments the composition comprises microbes of

20 Awneuwrinibacillus spp.

[3040] In certain embodiments provided herein is a composition comprising one or more
microbes of ATCC deposits designated 1-45. deposited as ATCC Nos. PTA-127367-127413,
respectively, as shown m Table 2 and/or one or more microbes of OATH-46~-0ATH-140, and/or
one or more microbes of one or more of ATCC deposits PTA-127834-127850.

25 0041 In embodiments including one or more Sirepfomyces microbes, any suitable
Strepromyces mcrobes may be used. The microbes may be of one or more Strepromyces specics
and/or one or more Strepromyces strains. In certain embodiments, microbes are microbes of at
least 2,3, 4,5,6,7, 8,9, 10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 22, 25, 30, 35, 40, 50, 0r 60,
for example at least 5, or at least 10, or at least 15, or at least 20, and/or not more than 3. 4, 3, 6,

300 7,8.9,10, 15,12, 13,14, 13, 16, 17, 18, 19,20, 22, 25, 30, 35, 40, 30, 60, 70, 80, or 100,

preferably 2-100, more preferably 5-100, even more preferably 3-89, still more preferably 5-40,

yet more proferably 10-80, still vet more preferably 10-70, even more preferably 10-60 yet even

more preferably 10-30 different Strepronnces strains.

{0042] In embodmments including one or more Strepromyvees microbes, Streptonmyces

35 microbes comprise microbes of Strepromyces achromogenes, such as microbes of one or more
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Streptomyees achromogenes strains, e.g., atleast 1, 2.3, 4,5, 6,7, 8, 9, or 10 and/or not more
than 2,3, 4, 5,6,7.8,9, 10, 12, or 13 Strepromyees achromagenes strams, such as 1-13,
preferably 1-12, moore preferably 1-10, even more preferably 2-13, still more preferably 2-12. In
certain embodiments, one or more Strepfomyees achromogenes microbes comprise a first
5 microbe of a first Strepiomyces achromogenes strain, In certain embodiments, one or more
Strepiomyces achromogenes microbes comprise a second microbe of a second Srrepromyces
achromogenes strain, different from the first strain. Tn certain embodiments, one or more
Streptopivees achiromogenes microbes comprise a third microbe of a third Strepfomyvees
achromogenes strain, different from the first and second strains.  In certain embodiments, one or
10 more Strepromyces achromogenes microbes comprise a fourth microbe of a fourth Strepiomyces
achromogenes strain, different from the first, second, and third strains. In certain embodiments,
microbes of a first Sirepromyces achromogenes strain, such as the strain designated
QATHO0343, are used. Alicmatively or additionally, in certain emboduments, microbes of a

second Strepiomyces achromogenes strain, such as the strain designated OATHO0601 are used.
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Altematively or additionally, in certain embodiments, microbes of a third Strepiomyees

achromogenes strain, such as the stram designated QATHO0701, are used. Altematively or

additionally, in certain embodiments, microbes of a fourth Strepiomvees achromogenes strain,

such as the strain designated DATHO0702 are used. Alternatively or additionally, in certain

embodiments, microbes of a fifth Strepromyces achromogenes strain, such as the strain

20 designated OATHOI02], are used. Alternatively or additionally, in cerfain embodiments,
microbes of a sixth Strepromyces achromogenes strain, such as the stram designated
OATHO102Z are used. Alternatively or additionally, in certain embodiments. microbes of a
seventh Srreptomyces achromogenes strain, such as the strain designated GATHOI071  arc used.
Alternatively or additionally, in certain embodiments, microbes of an eighth Strepiomyces

25 achromogenes strain, such as the strain designated GATHO1242 are used. Alternatively or
additionally, i certain embodiments, microbes of a ninth Strepromyces achromogenes strain,
such as the strain designated OATH01244 arc used. Altematively or additionally, in certain
embodiments, microbes of a tenth Strepfonces achromogenes strain, such as the strain
designated OATHO1261 are used. Alternatively or additionally, in certain embodiments,

30 microbes of an cleventh Strepromyces achromogenes strain, such as the strain designated

OATHO1262 areused. 168 rfRNA sequences and ATCC Deposit numbers including each strain

arc as shown in Table 2A.  In certain embodiments, microbe or microbes of Strepromyees

achromogenes strains have a 16S TRNA gene nucleotide sequence or sequences with at least 80,

85, 90, 95, 96, 97, 98, 99, or 99.55 wdentity, or 100% identity, such as at least 959, preferably at

35 least 96%, more preferably at least 97%, even more preferably at least 98%, still more preferably
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at least 99%, vet still more preferably at least 99.5% identity to one or more scquences for each
strain as designated in Table 2A.
{643} Additionally or altematively, in embodiments including one or more Sirepromyces
microbes, Strepronyces microbes comprise microbes of Streplomyces alhogriseolus, such as
microbes of one or more Strepiomyces albogriseolus strains, ¢.g., atleast 1, 2, 3, or 4 and/or not
more than 2,3, 4, 5, 6, 7, or 8 Srrepronyyces albogriseolus strains, such as 1-8, preferably 1-7,
more preferably (-5 In cortam embodiments, one or more Strepromyees albogriseclss microbes
comprise a first microbe of a first Streptonyces albogriseolus strain. fn certain embodiments, one
or more Strepiomyces alhogrisecius microbes comprise a seoond microbe of a second
Streptomiyees albogriseolus strain, different from the first strain. In certain embodiments, one or
more Streplomyces albogriseoius microbes comprise a third microbe of a third Sireplomyces
albogriseclus strain, different from the first and second strains.  In certain embodiments. one or
more Sirepromyces albogriseolus microbes comprise a fourth microbe of a fourth Srrepromyces
albogriseoius stram, different from the first, second, and third strains. In certain embodiments,
microbes of a first Strepromyees albogriseolus strain, such as the strain designated GATHO1851,
are used. Altematively or additionally, in certain embodiments, microbes of a second
Streptomyces aibogriseolus strain, such as the strain designated OATHO2031 are used.
Alternatively or additionally, in certain embodiments, microbes of a third Strepromyces
albogriseolus strain, such as the strain designated OATHO2041, arc used. 168 rRNA sequences
and ATCC Deposit mumbers including each strain are as shown in Table 2A. In certain
embodiments, microbe or microbes of Streplomyees albogriseolus stramns have a 16S rRNA gene
nucleotide sequence or sequences with at east 80, 85, 90, 95, 96, 97, 98, 99, or 99.55 identity, or
100% wdentity, such as at least 93%, preferably at least 96%, more preferably at least 97%, even
more preferably at least 98%, still more preferably at least 99%, vet still more preferably at least
99.5% identity to one or more sequences for cach stram as designated in Table 2A to one or more
sequences for each strain as designated 1o Table ZA.
[0044] Additionally or alternatively, in embodiments including one or more Strepromyces
microbes, Strepfomyces microbes comprise microbes of Strepfomvees anfibioticns, sach as
microbes of one or more Sirepromyces antibioticus strains, o.g., atleast 1,2,3.4,5,6, 7. or 8
and/ornot more than 2, 3,4, 5,6, 7, 8, 9, 10, or 12 Strepromyces antibioticus stramns, such as 1-
12, preferably 1-10, more preferably 1-8, even more preferably 2-12, still more preferably 2-106.
In certain embodiments, one or more Strepiomyces antibioficus microbes comprise a first
nucrobe of a first Strepromyces antibioticus stram. In cortain embodiments, one or more
Srepromyvees antibioticus microbes comprise a second microbe of a second Strepromyces
artibioticus strain, different from the first straim. In certain embodiments, one or more
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Streptomyees antibioticus microbes comprise a third microbe of a third Streptomyces antibioticus
strain, different from the first and second strains.  In certain embodiments, one or more
Streptomyees aniibioticus microbes comprise a fourth microbe of a fourth Strepromyces
anfibioticus strain, different from the first, second, and third strains. In cerain embodiments,

3 mucrobes of a first Sirepromyces antibioticus strain, such as the strain designated DATHO0354,
arc used. Alternatively or additionally, in certain cmbodiments, nucrobes of a second
Strepiomyces antibioticus strain, such as the strain designated QATHO0371 are used.
Alternatively or additionally, in certain embodiments, microbes of a third Streptomyces
antibioticus strain, such as the strain designated QATHO0372, arc used. Aliernatively or

10 additionally, in certain embodiments, microbes of a fourth Strepiomyees antibioticus strain, such

as the strain designated OATHO0373 are used. Alternatively or additionally, in certain
embodiments, microbes of a fifth Strepfomyces antibioticus strain, such as the strain designated
OATHO0374, arc used. Altematively or additionally, in certain embodiments, microbes of a

sixth Streptomyces antibioticus strain, such as the strain designated OATHO0373 are used.

[y
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Alternatively or additionally, in certain embodiments, microbes of a seventh Strepromyces

antibioticus strain, such as the strain OATHO00376 designated arc used. 165 rRNA sequences

and ATCC Deposit nwnbers including each strain are as shown in Table 2A. In certain

embodiments, microbe or microbes of Strepromyces antibioficus strains have a 165 rRNA gene

nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55 identity, or

20 100% identity, such as at least 95%, preferably at least 96%, more preferably at least 97%, even
more preferably at least 98%, still more preferably at least 99%, vet stitl more preferably at least
99.5% identity to one or more sequences for each strain as designated in Table 2A to one or more
sequences for each strain as designated in Table 2A.
[3045] Additionally or altematively, in embodiments including one or more Strepromyces

25 microbes, Strepromyces microbes comprise microbes of Streptomyces baciliari, such as microbes
ot one or more Sirepromyces bacillari strams, e.g., at least 1, 2, 3, or 4 and/or not maore than 2, 3,
4,5, 6,7, or 8 Streptomyces bacillari strains, such as |-8, preferably 1-7, more preferably 1-5 In
certain embodiments, one or more Strepiomyces bacillari microbes comprise a first microbe of a
first Strepromiyces bacillari strain. In certain embodiments, one or more Streptomyees hacillari

30 microbes comprise a sccond microbe of a sccond Strepromyces bacillari strain, different from the
first stramn. In certain embodiments, one or more Strepfomyces bacillari microbes comprise a
third microbe of a third Strepromyces bacillari strain, different from the first and second strains.
In certam erobodiments, one or more Strepfomyces bacillari microbes comprise a fourth microbe
of a fourth Streptomyces bacillari strain, different from the first; second, and third strains. In

35 certain embodiments, microbes of a first Strepromyces baciliari strain, such as the strain
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designated OATHO0312, are used. Altematively or additionally, in certain embodiments,
microbes of a second Sireptomyces bacillari strain, such as the strain designated OATHO0313
are used. Alternatively or additionally, in cortam embodiments, microbes of a third Strepromyces
bacillari strain, such as the strain designated QATHO0392, are used. 165 rRNA sequences and
ATCC Deposit numbers including cach strain arc as shown in Table 2A. In certain
embodiments, microbe or microbes of Strepfomyees baciflari straing have a 168 rRNA gene
nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99,35 identity, or
100% identity, such as at least 95%, preferably at least 96%, more preferably at least 97%, even
more preferably at least 98%, still more preferably at least 99%, yet still more proferably at least
99.5% identity to one or more sequences for each strain as designated in Table 2A 1o one or more
sequences for each strain as designated in Table 2A.
[0046] Additionally or alternatively, in embodiments including one or more Strepromyces
nucrobes, Streptomyces raterobes comprise microbes of Strepromyces bikiniensis, such as
microbes of one or more Streplomyces bikiniensis strains, e.g., atleast 1, 2, 3, or 4 and/or not
more than 2, 3, 4, §, 6, 7, or 8 Srepromyces bikiniensis strams, such as 1-8, preferably 1-7, more
preferably 1-5 Tn certain embodiments, one or more Sireptonyces bikiniensis microbes comprise
a first microbe of a furst Strepiomyvees bikiniensis strain. To certain embodiments, one or more
Strepiomyces bikiniensis microbes comprise a second microbe of a second Strepromyces
bikiniensis strain, different from the first strain. In certain embodiments, one or more
Strepromyees bikiniensis microbes comprise a third microbe of a third Strepromyces bikiniensis
stramn, different from the first and second strains.  In certain embodiments, one or more
Streptopivees bikiniensis microbes comprise a fourth microbe of a fourth Strepromyces
bikiniensis sirain, different from the frst, second, and third strains. In certain embodiments,
microbes of a first Strepromyces bikiniensis strain, such as the strain designated QATHO0041,
are used. Alternatively or addiionally, in certain embodiments, microbes of a second
Strepromyces bikiniensis strain, such as the strain designated OATHO0091 are used.
Alternatively or additionally, in certain embodiments, nucrobes of a third Strepromyces
bikiniensis strain, such as the strain designated OATHO1401, are used. 165 rRNA sequences and
ATCC Deposit numbers mchuding each steain are as shown in Table 2A.  In certain
embodiments, microbe or microbes of Strepiomyces bikiniensis strains have a 168 rRNA gone
nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 87, 98, 99, or 99.55 identity, or
100% identity, such as at least 93%. preferably at least 96%., more preferably at least 97%, even
more preferably at least 98%, still more preferably at least 99%, vet still more preferably at least
99,539 identity to one or more sequences for each strain as designated 1o Table 2A o one or more
sequences for each strain as designated in Table 2A.
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{60471 Additionally or altematively, in embodiments including one or more Strepromyces
microbes, Strepromyces micrabes comprise microbes of Strepfomyces echinatus, such as
microbes of one or more Streproniyees echinarus strains, eg., atleast 1,2, 3, 4,5,6, 7, or 8
and/or not more than 2, 3,4, 5,6, 7, 8, 9, 10, or 12 Streptomyces echinatus strains, such as 1-12,
preferably 1-10, more preferably 1-8, even more preferably 2-12, still more preferably 2-10. o
certain embodinents, one or more Strepfomyces echinatus microbes comprise a first nucrobe of a
first Streptomyces echinatus strain. In certain embodiments, one or more Streptomyces echinatus
microbes comprise a second microbe of a second Strepromyces echinaius strain, different from
the first strain. In certain embodiments, one or more Strepioniyces echinaius microbes comprise a
third microbe of a third Strepromyces echinatus stram, different from the first and second strains.
In cestain embodiments, one or more Strepiomyces echinatus microbes comprise a fourth
microbe of a fourth Strepromyces echinatus strain, different from the first, second, and third
strams. In cortamn embodiments, microbes of a first Strepromyces echinatus strain, such as the
strain designated OATHOC0021, arc used. Alternatively or additionally, in certain embodiments,
microbes of a second Streptomyces echinaitus strain, such as the strain designated OATH00322
are used. Alternatively or additionally, in certam embodiments, microbes of a third Strepfomyces
echinatus strain, such as the strain designated OATHO00323, are used. Alternatively or
additionally, in certain embodiments, microbes of a fourth Strepfomvees echinatus strain, such as
the strain designated OATHO0522 are used. Alternatively or additionally, i certain
embodiments, microbes of a fifth Streplomyces echinatus strain, such as the strain designated
OATHO0663, are used. Altematively or additionally, in certain embodiuments, microbes of a
sixth Streptomyces echinarus strain, such as the strain designated OATHOC851 arc used. 165
rRNA sequences and ATCC Deposit nurnbers including cach strain are as shown i Table 2A. 1o
certain embodiments, microbe or microbes of Strepfomyces echinatus strains have a 168 rRNA
gene nucleotide sequence or sequences with at feast 80, 85, 90, 95, 96, 87, 98, 99, or 9955
identity, or 100% identity, such as at least 95%, preferably at least 96%, more preferably at least
97%., even more preferably at least 98%, still more preferably at least 99%, vet still more
preferably at least 99.5% identity to one or more sequences for each strain as designated in Table
2A to one or more sequences for cach strain as designated in Table 2A.

{3048] Additionally or altematively, in embodiments including one or more Sfrepromyces
microbes, Strepromyces microbes comprise microbes of S’z’reptomyces bobili, such as microbes of
one or more Strepfomyces bobili strains, ¢.g., at least 1, 2, 3, or 4 and/or not more than 2, 3, 4, 5,
6, 7, or 8 Streptomyces bobili strains, such as 1-8, p)ofeiabiy 1-7, more preferably 13 In certam
embodiments, one or more Streptfomyces bobili microbes comprise a first microbe of a first

Streptomyees bobili strain. In certain embodiments, one or more Streptomyees bobili microbes
A1
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comprise a second microbe of a second Strepromyces bobili strain, different from the fiest strain.
In certain embodiments, one or more Srrepiomyces hobili microbes comprise a third microbe of a
third Streptomyces bobili strain, difforent from the first and sccond strains.  In certain
embodiments, microbes of a first Strepromyces bobili strain, such as the strain designated
OATHOZ051, are used. 168 rRNA sequences and ATCC Deposit numbers including cach strain
arc as shown in Table 2A.  In certain ermbodiments, microbe or microbes of Streptomyees bobili
strams have a 168 rRNA gene nucleotide sequence or sequences with at least 80, §5, 90, 95, 96,
97, 98, 99, or 99 35 identity, or [100% identity, such as at least 95%. preferably at least 96%,
more preferably at least 97%, oven more preferably at least 98%, still more preferably at least
99%, vet still more preferably at least 99 5% identity to one or more sequences for each strain as
designated 1n Table 2A to one or more sequences for each strain as designated in Table 2A.
0049 Additionally or alternatively, in embodiments including one or more Strepromyces
nucrobes, Streptfomyces mawerobes comprise microbes of Strepromyces chartreusis, such as
microbes of one or more Sireploniyces chartyeusis strains, e.g., at least 1, 2, 3, or 4 and/or not
more than 2, 3, 4, §, 6, 7, or 8 Srepromyces charireusis strains, such as 1-8, preferably 1-7, more
preferably 1-5 Tn certain embodiments, one or more Sireptonyces chartreusis microbes comprise
a first microbe of a first Strepiomyvees chartreusis stram. In certain embodiments, one or more
Strepiomyces chartreusis microbes comprise a second microbe of a second Strepiomyees
chartreusis stram, differont from the first strain. In certain embodiments, one or more
Strepromyees chartrensis microbes comprise a third microbe of a third Strepiomyces chartreusis
stramn, different from the first and second stramns.  In certain embodiments, microbes of a first
Streptoptyces chartfreusis strain, such as the strain designated OATHO0661, are used. 168 fRNA
sequences and ATCC Deposit numbers including cach strain are as shown mn Table 2A. In
certain embodiments, microbe or microbes of Strepfomyces chartreusis strains have a 168 fRNA
gene nucleotide sequence or sequences with at feast 80, 85, 90, 95, 96, 97, 98, 99, or 9955
identity, or 100% dentity, such as at least 95%, preferably at least 96%, more preferably at least
97%., even more preferably at least 98%, still more preferably at least 99%, vet still more
preferably at least 99.5% identity to one or more sequences for each strain as designated in Table
2A to one or more sequences for cach strain as designated i Table 2A .
{3058] Additionally or altematively, in embodiments including one or more Sfrepromyces
microbes, Strepromyces microbes comprise microbes of Strepfomyces eurythermus, sach as
microbes of one or more Strepionyces eurvifiermus straing, ¢.g., at feast 1, 2, 3. or 4 and/or not
more than 2,3, 4, 5,6, 7, or 8 Srepronyyces eurvihermus strans, such as 1-8, preferably 1-7,
more preferably [-5 In certain embodiments, one or more Strepromyees eurythermus microbes
comprise a first mucrobe of a fisst Streptomyces eurythermus strain. In certain embodiments, one
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or more Streptomyces enrythermus microbes comprise a second microbe of a second
Streptoniyees eurythermus strain, differcnt from the first strain. In certain embodiments, one or
more Streptomyces enrythermus microbes comprise a third microbe of a third Strepriomyces
eurythermus strain, different from the first and second strains.  In certain embodiments, one or

3 more Sirepromyces eurythermus microbes comprise a fourth microbe of a fourth Strepromyces

eurythermus strain, different from the first, second, and third strains. In certain embodiments,
nucrobes of a first Strepromyces eurvthermus stram, such as the stramn designated OATHOI2],
are used. Altematively or additionally, in certain embodiments, microbes of a second
Streptonivees euryvthermus strain, such as the strain designated OATHO1243 are used.

10 Alternatively or additionally, in certain embodiments, microbes of a third Strepromyces
eurythermus strain, such as the strain designated QATHO1246, are used. 168 rRNA sequences
and ATCC Deposit numbers including cach strain are as shown in Table 2ZA. In certain
embodiments, microbe or microbes of Strepronvees eurythermus strains have a 168 rRNA gene

nuclectide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55 identity, or
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100% tdentity, such as at least 95%, preferably at least 96%, more preferably at least 97%, even

more preferably at least 98%, still more preferably at least 99%, yet still more preferably at least

99.5% identity to one or more sequences for cach strain as designated in Table 24 1o one or more

sequences for each strain as designated in Table ZA.

{0051 Additionally or alternatively, in embodiments including one or more Strepromyces

20 nucrobes, Strepfomyces microbes comprise microbes of Strepiomyces globosus, such as microbes
of one or more Srepronyces globosus strains, e.g., atleast 1, 2, 3,4,5,6,7, 8,9, 10, 12, 15, 17,
20,22, or 25 and/ornot more than 2, 3,4, 5,6, 7, 8,9, 10, 12, 15, 17, 20,22, 25,27, or 30
Streptomyvees giobosus strams, such as 1-30, preferably 1-27, more preferably 1-25, even more
preferably 2-30, still more preferably 2-27.  In certain embodiments, one or mose Sirepfomyces

25 globosus microbes comprise a first microbe of a first Strepiomyces globosus strain. In certain
embodiments, one or more Strepiomyees globosus microbes comprise a second microbe of a
second Strepromyces globosus stran, different from the first stramn. In certain embodunents, one
or more Strepiomyces globosus microbes comprise a third microbe of a third Strepromiyees
globosus steain, different from the first and second strains.  In certain embodiments, one or more

30 Streptomyees globosus microbes comprise a fourth microbe of a fourth Strepfomyces globosis
strain, different from the first, second, and third strains. In certain enmbodiments, nucrobes of a
first Strepromyces globosus strain, such as the strain designated OATHO0R01L, are used.
Altematively or additionally, in cortain emboduments, microbes of a second Sireptomyces
globosus strain, such as the strain designated OATHOO802 are used. Alternatively or

35 additionally, in certain embodiments, microbes of a third Strepiomyces globosus stram, such as
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the strain designated GATHO0912, are used. Alternatively or additionally, 1o certain
embodiments, microbes of a fourth Strepiomyces globosus straim, such as the strain designated
OATHOI271 arc used. Alternatively or additionally, m certamm embodiments, microbes of a fifth
Strepiomyces globosus strain, such as the strain designated OATHO1273, are used. Alternatively
or additionally, in certain crabodiments, microbes of a sixth Strepiomyces globosus strain, such
as the strain designated OATHG1283 are used. Alternatively or additionally, in certan
embodiments, microbes of a seventh Strepromyces globosus strain, such as the strain
OATHO1285 designated are used. Alternatively or additionally, in certain embodiments,
microbes of an eighth Strepromyees globosus strain, such as the stean designated OATHO1292
are used. Altemnatively or additionally, in certain embodiments, microbes of a ninth Strepromyces
globosus strain, such as the strain designated OATHO01293 are used. Alternatively or
additionally, in certain embaodiments, microbes of a tenth Strepromyces globosus strain, such as
the strain designated OATHO1294 are used. Aliematively or additionally, in cortaim
embodiments, microbes of an eleventh Streptomyces globosus strain, such as the strain
designated OATHOI301 are used. Altematively or additionally, in certain embodiments,
maicrobes of a twelfth Strepromyees globosus strain, such as the steain designated OATHO1302
are used. Alternatively or additionally, in certain embodiments, microbes of a thirteenth
Strepiomyces giobosus strain, such as the strain designated OATHO1303 are used. Alternatively
or additionally, in certain embodiments, microbes of a fourteanth Sirepromyces globosus strain,
such as the strain designated OATHOI304 are used. Alternatively or additionally, m certamn
embodiments, microbes of a fifteenth Strepromvces globosus strain, such as the strain designated
OATHOI305 are used. Alternatively or additionally, in certain embodiments. microbes of a
sixteenth Strepromyees globosus strain, such as the strain designated OATHO1306 are used.
Alternatively or additionally, in certain embodiments, microbes of an seventeenth Strepromyces
globosus strain, such as the strain designated CATHOI31T are used. Alternatively or
additionally, i certain embodiments, microbes of an cithteenth Strepiomyces globosus stram,
such as the strain designated OATHOI312 arc used. Alternatively or additionally, m certain
embodiments, microbes of a nineteenth Strepromyces globosus strain, such as the stran
designated OATHO1313 are used. Alternatively or additionally, in certain embodiments,
maicrobes of a twenticth Strepromyees globosus strain, such as the strain designated OATHO1314
are used. Alternatively or additionally, in certain embodiments, microbes of a twenty-first
Streptomyces globosus strain, such as the strain designated OATHO1315 arc used. Alternatively
or additionally, n certain crabodiments, microbes of a twenty-second Strepromyces globosus
stramn, such as the strain designated OATHO1316 are used. Altematively or additionally, in

certain embodiments, microbes of a twenty-third Strepromyces giohosus strain, such as the strain
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designated OATHO1341 are used. Alteratively or additionally, in certain embodiments,
microbes of a twenty-fourth Strepiomyces globosus strain, such as the strain designated
OATHOI351 arc used. Alternatively or additionally, m certam embodiments, microbes of a
twenty-fifth Strepiomyees globosus strain, sach as the strain designated OATHO1352 are used.

3 Altemnatively or additionally, in certain embodiments, microbes of a twenty-sixth Strepiomyces
globasus strain, such as the strain designated OATHO2141 are used. 168 fRNA sequences and
ATCC Depostt numbers including cach strain are as shown in Table 2A. To certain
embodiments, microbe or microbes of Strepiomyces globosus straing have a 165 rRNA gene
nucleotide sequence or sequences with at feast 80, 85, 90, 95, 96, 97, 98, 99, or 99 .33 identity, or

10 100% dentity, such as at least 93%, preferably at least 96%, more preferably at least 97%, even

more preferably at least 98%. still more preferably at least 89%, vet stil more preforably at least
99.5% identity to one or more sequences for cach strain as designated in Table 2A to one or more
sequences for cach strain as designated 1o Table 2A.

{8052] Additionally or altematively, in embodiments inclading one or more Strepromyces

[y
0

microbes, Strepromyces microbes comprise microbes of Strepfomvees misionensis, such as
microbes of one or more Streproniyces misionensis strains, e.g., atleast 1,2, 3, 4,5, 6, 7,8, 9, 10,

12,15,17, 20,22, or 25 andfornot more than 2, 3,4, 5,6, 7,8, 9, 10, 12, 15,17, 20,22, 25, 27,

~d

¢

or 30 Streptomyces misionensis strains, sach as 1-30, preferably 1-27, more preferably 1-25, even
more preferably 2-30, still more preferably 2-27. In certain embodiments, one or more
20 Strepromvees misioviensis nucrobes comprise a first microbe of a first Strepromyces misionensis
stram. In certain embodiments, one or more Strepiomyces misionensis microbes comprise a
second microbe of a second Strepfomyces misionensis strain, different from the first strain. In
certain embodiments, one or more Strepiomyces misionensis vuicrobes comprise a third microbe
of a third Streptomyces misionensis strain, different from the first and second strains.  In certain
25 embodiments, one or more Strepfomyees misionensis microbes comprise a fourth microbe of a
fourth Streptomyces misionensis strain, different from the first, second, and third strains. In
certain embodiments, microbes of a first Strepromyces misionensis stram, such as the strain
designated OATHO0223, are used. Alternatively or additionally, in certain embodiments,
microbes of a second Strepromyces misionensis strain, such as the strain designated OATHO0252
30 areused. Alternatively or additionally, in certam embodiments, nucrobes of a third Strepfomyces
misionensis strain, such as the straim designated QATHO0253, are used. Alternatively or
additionally, in certain embaodiments, microbes of a fourth Strepfopivees misionensis strain, such
as the strain designated OATHO0331 are used. Alternatively or additionally, in certam
embodiments, microbes of a fifth Streproniyces misionensis strain, such as the strain designated
35 OATHO0382, are used. Altematively or additionally, in certain embodiments, microbes of a
-45..
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stxth Streptomyces misionensis strain, such as the strain designated OATHO0413 are used.
Alteroatively or additionally, in certain embodiments, microbes of a seventh Srrepromyces
misionensis strain, such as the strain SATHO0421 designated are used. Altemnatively or
additionally, in certain embodiments, microbes of an eighth Strepromyvees misionensis strain,
such as the strain designated OATHO0423 are used. Altermatively or additionally, in cortain
embodiments, microbes of a ninth Strepromyces misionensis strain, such as the strain designated
OATHO0424 are used. Alternatively or additionally, in certain embeodiments, nuerobes of a tenth
Streptorivces misionensis strain, such as the strain designated OATHO0425 are used.
Alterpatively or additionally, in certain erabodiments, microbes of an eleventh Strepiomyces
misionensis strain, such as the strain designated CATHO0491 are used. Alternatively or
additionally, in certain embodiments, microbes of a twelfth Strepromyces misionensis strain, such
as the strain designated OATHO00492 are used. Alternatively or additionally, in certain
embodiments, microbes of a thirteenth Streptomyees misionensis strain, such as the strain
designated OATHO0571 are used. Alternatively or additionally, in certain embodiments,
microbes of a fourteenth Sirepiomyces misionensis strain, such as the strain designated
OATHO0631 are used. Alternatively or additionally, in certain embodiments, microbes of a
fifteenth Strepromyces misionensis strain, such as the strain designated QATHO0741 are used.
Alternatively or additionally, in certain embodiments, microbes of a sixteenth Srrepioniyees
misionensis stram, such as the strain designated CATHOG0742 arc used. Alternatively or
additionally, in certain embodiments, microbes of an seventeenth Streplomyces misionernsis
stram, such as the strain designated QATHO00743 are used. Altematively or additionally, in
certain embodiments, microbes of an cithteenth Strepfomyces misionensis strain, sach as the
strain designated OATHO0891 arc used. Alternatively or additionally, in certam embodiments,
microbes of a nineteenth Sirepromyces misionensis strain, such as the stramn designated
OATHO0961 are used. Alternatively or additionally, in certain embodiments, microbes of a
twenticth Strepfomyces misionensis strain, such as the strain designated OATHO1002 are used.
Altemnatively or additionally, in certain emboduvents, nucrobes of a twenty-first Strepiomyces
mitsionensis strain, sach as the strain designated CATHO1241 are used. Aliernatively or
additionally, in certain embodiments, microbes of a twenty-second Strepromyces misionensis
strain, such as the strain designated CATH01247 are used. Alternatively or additionally, in
certain embodiments, microbes of a twenty-third Strepromyces misionensis strain, such as the
strain designated CATHCI411 arc used. Altematively or additionally. in certain embodiments,
nucrobes of a twenty~fourth Strepromyces misionensis strain, such as the strain designated
QATHO0422 are used. 168 rRNA sequences and ATCC Deposit numbers including each strain

are as shown in Table 2ZA. In certain embodiments, microbe or microbes of Strepromyces
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misionensis strains have a 165 rRNA gene nucleotide sequence or sequences with at least 890, 85,
90, 95, 96, 97, 98, 99 or 99.55 wdentity, or 100% identity, such as at least 95%, preferably at
lcast 96%, more preferably at least 97%, even more preferably at least 98%, still more preferably
at least 99%, vet still more preferably at least 99.5% identity to one or more sequences for each
5 stramn as designated in Table 2A to one or more sequences for cach strain as designated in Table
fB0S3] Additionally or altermatively, in embodiments including one or more Strepromyces
microbes, Streptomyces microbes comprise microbes of Strepfomyees murinus, sach as microbes
of one or more Strepfomyces murinus strains, ¢.g., at least 1,2, 3,4, 5,6, 7.8, 9, or 10 and/or not
10 morethan 2,3, 4,5,6,7, 8,9, 10, 12, or 15 Sreptomyees murinus strams, such as 1-15,
preferably 1-12, more preferably 1-10, even more preferably 2-13, still more preferably 2-12. In
certain embodiments, one or more Strepfomyees murinus microbes comprise a first microbe of a
first Streptomyces murinus strain. In cortain crabodiments, one or more Strepromyces murinus

microbes comprise a second microbe of a second Streptomyces murinus strain, different from the

[y
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first strain. In certain embodiments, one or more Strepfomyces murinus microbes comprise a
third microbe of a third Sireptonyces murinus strain, different from the first and second strains.
In certain embodiments, one or more Strepromyces murinus microbes comprise a fourth microbe
of a fourth Strepromyvees murinus stramn, different from the first, second, and third strains. In
certain embodiments, microbes of a first Strepfomyces murinus strain, such as the strain
20 designated OATHO0261, are used. Alternatively or additionally, in cerfain embodiments,
microbes of a second Strepromyces murinus strain, such as the strain designated OATHG0262
are used. Alternatively or additionally, in certain embodiments. microbes of a third Strepromyces
murinus strain, such as the strain designated OATHO0G263, arc used. Alternatively or
additionally, in certain embodiments, microbes of a fourth Strepiomvees nnarinus strain, such as
25 the strain designated OATH00264 are used. Alternatively or additionally, i certain
embodiments, microbes of a fifth Strepfomyces murinus strain, such as the strain designated
OATHO0562, are used. Altematively or additionally, in certain embodiments, microbes of a
sixth Streptomyces murinus strain, such as the strain designated OATHO0563 are vsed.
Alternatively or additionally, i certain embodiments, microbes of a seventh Strepromyces
30 muwrinus stram, such as the strain OATHO0564 designated are used. Altematively or
additionally, in certain embodiments, microbes of an eighth Strepromvees murinus strain, such as
the strain designated QATHO08Z3 are used. Altematively or additionally, in certain
embodiments, microbes of a ninth Strepromyces murinus strain, such as the strain designated
OATHOOREL are used. Altematively or additionally, 1n certarn embodiments, microbes of a tenth
38 Swrepromyces murinus stran, such as the strain designated OATHOI251 are used. Altematively
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or additionally, in certain embodiments, microbes of an eleventh Strepromyces murinus strain,
such as the strain designated OATHO1253 arc used. Altematively or additionally, in certain
embodiments, microbes of an twelfth Strepiomyees murinus strain, such as the strain designated
OATHO1412 are used. 165 rRNA sequences and ATCC Deposit numbers including each strain
3 arc as shownin Table 2A. In certain ecmbodiments, microbe or microbes of Sirepromyces
murinygs strams have a 165 rRNA gene nucleotide sequence or sequences with at feast 80, 85, 90,
95,96, 97, 98, 99, or 99.55 wdentity, or 100% identity, such as at least 95%, proferably at least

%, even more preferably at least 98%, still more preferably at

96%, more preferably at least 97
least 99%, vet still more preferably at loast 99.5% identity to one or more sequences for cach

10 stram as designated in Table 2A to one or more sequences for cach strain as designated in Table
2A.
[054] Additionally or alternatively, in embodiments including one or more Strepromyces
nucrobes, Strepfomyces mwerobes comprise microbes of Strepromyces musisoli, such as microbes

.

of one or more Strepiomyces musisoli strains, e.g., atleast 1, 2. 3, or 4 and/or not more than 2, 3,
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4,5,6,7, or & Strepiomyces musisoli strains, such as 1-8, preferably 1-7, more preferably 1-3 In

certain embodiments, one or more Sfrepiomyces musisoli microbes comprise a first microbe of a

first Strepromyces musisoli strain. In certan emnbodiments, one or more Strepfomyces musisoli

microbes comprise a second microbe of a sccond Strepiomyces musisoli stram, different from the

first strain. In certain embodiments, one or more Strepiomyces musisoli microbes COMprise a

20 third microbe of a third Strepfomyces musisoli stran, different from the first and second strams.
In certam ermbodiments, one or more Strepromyces musisoll microbes comprise a fourth microbe
of a fourth Strepiomyces musisoli strain, different from the first. second, and third strains. In
certain embodiments, microbes of a first Strepromyces musisoli strain, such as the strain
designated GATHO0521, are used. Alternatively or additionally, in certain embodiments,

25 microbes of a second Strepiomyces musisoli stram, such as the strain designated ATHO0662

arc used. Altematively or additionally, in certain embodiments, microbes of a third Sirepromyces

musisoli stram, such as the strain designated OATHO0681, are used. Alternatively or

g
additionally, in certain embodiments, microbes of a fourth Strepiomyces musisoli strain, such as
the strain designated QATHO1101, are used. Altematively or additionally, in certain

30 cmbodiments, microbes of a fifth Strepfomyces musisoli strain, such as the stram designated
OATHOLI02, areused. 168 rRNA sequences and ATCC Deposit numbers including each strain
are as shown in Table 2A. In certain embodiments, microbe or microbes of Strepromyces
musisoli strains have a 165 rRNA gene nucleotide sequence or sequences with at least 80, 85, 90,
95, 96, 97, 98, 99, or 99.55 identity, or 100% identity, such as at least 95%, preferably at least

35 96%. more preferably at least 97%, even more preferably at least 98%, still more preferably at
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least 99%, vet still more preferably at least 99.5% identity to one or more sequences for gach
strain as designated in Table 2A to one or more sequences for each strain as designated in Table
ZA.
[0055] Additionally or alternatively, in embodiments including one or more Strepromyces
3 mucrobes, Strepfomyces microbes comprise microbes of Streplomyces sennicomposti, such as
nmuicrobes of oue or more Strepiomyces senmicomposti strains, ¢.g., atleast 1,2, 3,4, 5,6, 7. 8, 9,
10,12, 15,17, 20,22, 25,27 or 30 and/ornotmore than 2, 3,4, 3,6, 7, 8, 9, 10, 12, 15, 17, 20,
22,25, 27, 30, or 35 Sireptomyces sennicomposti strains, such as 1-33, preferably 1-32, more
preferably 1-30, even more preferably 2-35, still more preferably 2-32. o certain embodiments,
10 one or more Streplomyces sermicomposti microbes comprise a first microbe of a first
Streptomyces sennicomposti strain. In certain embodiments, one or more Streptomyces
senmicomposti microbes comprise a second microbe of a second Strepromyces sennicomposii
stram, difforent from the first stram. In cortain embodiments, one or more Strepfomyces

sennicomposti microbes comprise a third microbe of a third Streplomyces sennicomposti strain,
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different from the first and second strains.  In certarn embodiments, one or more Strepfomyees

senpicomposti atcrobes comprise a fourth mtcrobe of a fourth Srepromyces sennicomposti

strain, different from the first, second, and third strains. In certain embodiments, nucrobes of a

first Streplomyces senmicomposti strain, such as the strain designated DATHO0031, are ased.

Alternatively or additionally, in cortain embodiments, microbes of a second Strepromyces

20 semmicomposti strain, such as the strain designated QATHO0071 are used. Alteratively or
additionally, n certain embodiments, microbes of a third Streptomyces sennicomposti strain,
such as the strain designated CATHO0072, are used. Alternatively or additionally, in certain
embodiments, microbes of a fourth Strepiomyces senmicomposti strain, such as the stram
designated QATHO010! are used. Alternatively or additionally, in certain embodimenis,

25 microbes of a fifth Swrepiomyces sennicomposti strain, such as the strain designated
OATHO0103, are used. Altematively or additionally, in certain embodiments, microbes of a
sixth Streptomyees senmicomposti strain, such as the strain designated OATHO0241 are used.
Alternatively or additionally, in certain embodiments, microbes of a seventh Streptomyces
senmicomposti strain, such as the strain OATHO02472 designated are used. Altematively or

30 additionally, in certain emboduments, nucrobes of an cighth Sirepromyces senmicomposti stran,
such as the strain designated DATHO0243 are used. Alternatively or additionally, n certain
embodiments, microbes of a ninth Strepromyces senmicomposti steain, such as the strain
designated OATHO0424 are used. Alternatively or additionally, m certain erabodiments,
nuecrobes of a tenth Srrepiomyces sennicomposti strain, such as the strain designated

35 OATHOO030I are used. Altermnatively or additionally, in certain embodiments, microbes of an
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eleventh Streptomyces sennicomposti strain, such as the strain designated OATHO0381 are used.
Alteroatively or additionally, in certain emabodiments, microbes of a twelfth Strepromyces
sepmicomposti strain, such as the stram designated OATHO00383 are used. Allematively or
additionally, in certain embodiments, microbes of a thirteenth Streptomyces sennicomposti strain,
such as the strain designated OATHO0384 are used. Alternatively or additionally, in certain
embodiments, microbes of a fourteenth Strepiomyces sennicomposti strain, such as the strain
designated OATHO0402 are used. Altemnatively or additionally, in cerfain embodiments,
microbes of a fifteenth Strepiomyces sennicomposti strain, such as the strain designated
OATHO0403 arc used. Alternatively or additionally, in certain embodiments, microbes of a
sixteenth Streptomyces senmicomposti strain, such as the strain designated OATHO0404 are
used. Alternatively or additionally, in certain embodiments, microbes of an seventeenth
Streptomyces sennicomposti strain, such as the strain designated QATHO00442 are used.
Altematively or additionally, in certain embodunents, microbes of an cithteenth Strepromyces
sennicomposti strain, sach as the strain designated OATHO00443 are used. Aliernatively or
additionally, 1 certain embodiments, microbes of a nineteenth Strepiomyces sennicomposti
strain, such as the strain designated OATHO0381 are used. Alternatively or additionally, in
certain embodiments, microbes of a twenticth Strepromyces sennicomposti strain, such as the
strain designated QATHO0391 are ased. Altematively or additionally, in certain embodiments,
microbes of a twendy-first Strepfomyces senmicomposii strain, such as the strain designated
QATHO0592 are used. Alternatively or additionally, in certain embodiments, microbes of a
twenty-second Strepromyces seymicomposti strain, such as the strain designated OATHO0593 are
used. Altematively or additionally, in certain embodiments, microbes of a twenty-third
Streptomvees senmicomposti strain, such as the strain designated GATHO0641 are used.
Alternatively or addrtionally, in certain embodiments, microbes of a twenty-fourth Strepronyces
sermicomposti strain, such as the strain designated OATHO0691 are vsed. Aliernatively or
additionally, m certain embodiments, microbes of a twenty-fifth Strepfomycees sennicomposti
stramn, such as the strain designated QATHO00692 are used. Alternatively or additionally, in
certain embodiments, microbes of a twenty-sixth Strepfomvees sennicomposti strain, such as the
strain designated OATHO0711 are used. Altematively or additionally, it certain embodiments,
microbes of a twenty-seventh Strepfomyces senmicomposti strain, such as the strain designated
OATHOO733 are used. Ahtematively or addiionally, in certain embodiments, microbes of
twenty-cighth Strepromyces sennicomposti strain, such as the strain designated OATHOO871 are
used. Alternatively or additionally, in certain embodiments, microbes of a twenty-ninth
Srepromyvees sennicomposti strain, such as the strain designated OATHO0901 are used.
Alternatively or additionally, in certain embodiments, microbes of a thirticth Streplomyces
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senmicomposti strain, sach as the strain designated QATHOII82 are used. Alternatively or
additionally, 1n certain embodiments, microbes of a thirty-first Streptamyces sennicomposti
strain, such as the strain designated OATHO1 183 are used. Alicmatively or additionally, in
certain embodiments, microbes of a thirty-second Strepromyces senmicomposii strain, such as the
5 stram desiguated OATHGI201 arc used. Altematively or additionally, in certain embodiments,
nucrobes of a thirty-third Strepiomyces senmicomposti strain, such as the strain designated
OATHOI331 are used. 165 rRNA sequences and ATCC Deposit numbers including each strain
are as shown in Table ZA. In certain embodiments, microbe or microbes of Strepromyces
sennicomposti strains have a 168 rRNA gene nuclectide sequence or sequences with at least 80,
10 85,90, 95,96, 87, 98, 99, or 99.55 identity, or 100% identity, such as at least 95%, preferably at
least 96%, more preferably at least 97%, even more preferably at least 98%, still more preferably
at least 99%, yet still more preferably at least 99.5% identity to one or more sequences for each
stramn as designated in Table 2A to one or more sequences for cach strain as designated in Table
2A.
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{3056] Additionally or altermatively, in embodiments including one or more Strepromyces
microbes, Strepromyces microbes comprise microbes of Strepfomyces rochei, such as microbes
of one or more Strepfomyces roched strains, e.g., atleast 1, 2, 3, or 4 and/or not more than 2, 3, 4,
5, 6,7, or 8 Strepromyvees rochel strains, such as 1-8, preferably -7, more preferably 1-5In
certain embodiments, one or more Strepfonivees rochet microbes comprise a first microbe of a
20 first Streptomyces rochei strain. In certain embodiments, one or more Strepiomyces rochei
microbes comprise a second microbe of a second Strepiomyces rochei strain, different from the
first strain. In certain embodiments, one or more Strepfomyces rochei microbes comprise a third
microbe of a third Strepromyces rochei strain, different from the first and second strains. In
certain embodiments, one or more Strepronvees rochel nucrobes comprise a fourth microbe of a
25 fourth Streptomyvces rochel straim, different from the first, second, and third strains. In certain
embodiments, microbes of a first Strepfomyces rochei strain, such as the strain designated
OATHO005 1, arc used. Altematively or additionally, in certain embodiments, microbes of a
second Strepiomyces rocher strain, such as the strain designated OATHO0052 are used.
Alternatively or additionally, i certain embodiments, microbes of a third Strepromyces rochei
30 stram, such as the strain designated CATHO0053, arc used. Alternatively or additionally, n
certain embodiments, microbes of a fourth Strepromyces rochei strain, such as the strain
designated QATHO081, are used. Alternatively or additionally, in certain embodiments,
nucrobes of a fifth Strepfomyces rochei strain, such as the strain designated OATHO0353, are
used. Altematively or additionally, in certain embodiments, microbes of a sixth Streproniyces

35 rochei strain, such as the strain designated OATHO0762, are used. 168 rRNA sequences and
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ATCC Deposit numbers incheding cach strain are as shown in Table 2A. In certain
embodiments, nucrobe or microbes of Strepfomyces rochei strains have a 168 rRNA gene
nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55 identity, or
1009 identity, such as at least 93%, preferably at least 96%, more preferably at least 97%, even

G/

5 more preforably at loast 98%, still more preferably at least 99%, vet still more preferably at least
99.5% identity to one or more sequences for each sirain as designated in Table 2A to one or more
sequences for each strain as designated in Table 2A.

{0857} Additionally or altematively, in embodiments including one or more Sirepromyces
microbes, Sireptomyces mucrobes comprise microbes of Streptomyces griseocurantiacus, such as

10 microbes of one or more Strepromyees griseoauranticcus strans, ¢.g., at least 1, 2, 3, or 4 and/or

not more than 2, 3, 4, 5, 6, 7, or 8 Streptomyces grisesauraniiacus strains, such as 1-8, preferably

-7, more preferably 1-5 In certain embodiments, one or more Strepfomyces griseoqurantiacus

nucrobes comprise a fitst microbe of a first Sirepromyces griseoaurantiacus stran. In certain

embodiments, one or more Streplomyces griseoaurantiocus microbes comprise a second microbe
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of a second Strepiomyces griseoaurantiacus strain, different from the first strain. In cortain
embodiments, one or more Streptomyces grisecauranticeus microbes coraprise a third microbe
of a third Strepromyces griseoaurantiacus strain, different from the first and second strains. In
certain embodiments, one or more Strepfomyees grisecauranticous microbes comprise a fourth
microbe of a fourth Strepromyees griseoaurantiaous strain, different from the first, second, and
20 third strains. In certain embodiments, microbes of a first Strepiomyces grisecaurantiocus strain,
such as the strain designated QATHO0281, are used. Alternatively or additionally, in certam
embodiments, microbes of a second Strepromyces griseoaurantiacus strain, such as the strain
designated GATHO0292 arc used. 168 rRNA sequences and ATCC Depostt numbers including
each strain are as shown m Table 2A. In certam embodiments, microbe or mucrobes of
25 Swrepiomyces griseoaurantiaeus strains have a 168 rRNA gene nucleotide sequence or sequences
with at least 80, 83, 90, 95, 96, 97, 98, 99, or 99.55 identity, or 100% identity, such as at least
95%, preferably at least 96%, more preferably at least 97%, even more preferably at least 98%,
still more preferably at least 99%, vet still more preferably at least 99.5% identity to one or more
sequences for cach strain as designated in Table 2A to one or more sequences for cach strain as
30 designated in Table 2A.
j0038] Additionally or altematively, i embodiments including one or more Srrepromyces
microbes, Strepfomyces microbes comprise microbes of Strepromyces grisecincarnatus, such as
nucrobes of one or more Strepiomyces griseoincarnatus strains, ¢.g., at least 1, 2, 3, or 4 and/or
not more than 2, 3, 4, 5, 6, 7, or 8 Strepromyces grisecincarnatus strains, such as 1-8, preferably

35 127, more preferably 1-3 In certain embodiments, one or more Streptomyces griseoincarnatus
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microbes comprise a first microbe of a first Strepromyces grisecincarnatus strain. In certain
embodiments, one or more Streplomyces griseoincarnaius microbes comprise a second microbe
of a sccond Strepromyces grisecincarnatus stram, different from the first stram. In certam
embodiments, one or more Strepfomyees griseoincarnatus microbes comprise a third microbe of
3 athird Sirepromyces griseoincarnaius strain, different from the first and second strains. In
certain embodiments, one or more Strepfomyces griseoincarnatus microbes comprise a fourth
microbe of a fourth Strepiomyces griseoincarnatus strain, different from the first, second, and
third strains. In certain embodiments, microbes of a first Strepromyces griseoincarnatus strain,
such as the strain designated QATHO0144 arc used. Alternatively or additionally, in cortain
10 embodiments, microbes of a sccond Strepfomvces grisecincarnatus strain, such as the strain
designated QATHO0321, are used. Alternatively or additionally, in certain smbodiments,
microbes of a third Strepromyees griseoincarnatus strain, such as the strain designated
OATHO0412, arc used. Alterpatively or additionally, in certain embodiments, microbes of a

fourth Streplomyces grisecincarnatus strain, such as the strain designated CGATHO0921, are

[y
0

used. Altermatively or additionally, in certain embodiments, microbes of a fifth Strepromyces
griseoincarnatus strain, such as the strain designated OATHO12435, arc used. 165 rRNA
sequences and ATCC Deposit numbers including each strain are as shown in Table 2A. In
certain embodiments, microbe or microbes of Strepfomyces griseoincarnatus strains have a 165
rRINA gene nucleotide sequence or sequences with at least 80, 83, 90, 93, 96, 97, 98, 99, or 99.53
20 identity, or 100% identity, such as at least 95%, preferably at least 96%, more preferably at least
97%, even more preferably at least 98%, still more preferably at least 99%, vet still more
preferably at least 99.5% identity to one or more sequences for cach strain as designated in Table
2 A to one or more sequences for cach strain as designated in Table 2A.
[0059] Additionally or altematively, in embodiments including one or more Strepronyces
25 microbes, Strepromyces microbes comprise microbes of Streplomyces griseoviridis, such as
nucrobes of one or more Strepfomyces griseoviridis strains, ¢.., at least 1, 2, 3, or 4 and/or not
more than 2,3, 4, 5, 6, 7, or 8 Sirepronyyces griseoviridis strains, such as -8, preferably 1-7,
more preferably 1-3 In cortain embodiments, one or more Strepfomyees griseoviridis microbes
comprise a first microbe of a first Streptomyces griseoviridis strain. In cortain embodiments, one
30 ormore Strepiomyces griseoviridis microbes comprise a second nucrobe of a sccond
Streptomyees griseovividis strain, different from the first strain. In certain embodiments, one or
more Streptomyces griseoviridis microbes comprise a third microbe of a third Strepromyces
griseoviridis strain, different from the st and second strains.  In certain embodiments, one or
more Sfrepromyees griseoviridis microbes comprse a fourth microbe of a fourth Strepronmyces
38 griseoviridis strain, different from the first, second, and third strains. In certain embodiments,
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microbes of a first Strepromyces griseoviridis strain, such as the strain designated QATHO1141,
are used. Altematively or additionally, in certain embodiments, microbes of a second
Streptoniyoes griseoviridis strain, such as the strain designated OATHO 1142 are used. 168
rRNA sequences and ATCC Deposit nambers including each strain are as shown in Table 2A. In
certain embodiments, microbe or microbes of Streptomyces griseoviridis strains have a 168
tRNA gene nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55
wdentity, or 1009 wdentity, such as at least 95%, preferably at least 96%, more preferably at least
97%. even more preferably at least 98%. still more preferably at least 99%, vet still more
preferably at least 99.5% identity to one or more sequences for cach strain as designated in Table
2A 1o one or more sequences for each strain as designated in Table 2A.

[0060] Additionally or alternatively, in embodiments including one or more Strepromyces
microbes, Streptomyces microbes comprise microbes of Strepromyces olivaceus, sach as
nucrobes of one or more Strepiomyces olivaceus strains, ¢.g., at least 1, 2, 3, or 4 and/or not more
than 2,3, 4, 5, 6, 7, or 8 Strepfomyees olivaceus strains, such as 1-8, preferably 1-7, more
preferably 1-5 In certain embodiments, one or mose Strepromyces olivacens microbes comprise a
first microbe of a first Strepromyces ofivaceus strain. In certain embodiments, one or more
Streptomiyces ofivaceus microbes comprise a second microbe of a sccond Strepiomyces olivaceus
strain, different from the first strain. In certain embodiments, one or more Strepionvees ofivaceus
microbes comprise a third microbe of a third Streptonyces ofivacens strain, different from the
first and second strams.  In certan embodiments, one or more Strepromyees olivaceus microbes
comprise a fourth microbe of a fowth Srrepromyces olivaceus strain, different from the first,
second, and third strains. In certain embodiments, microbes of a first Strepromyces olivaceus
strain, such as the strain designated OATHOO351, are used. Alternatively or additionally, in
certain embodiments, microbes of a second Strepromyces olivaceus strain, such as the strain
designated QATHO0352 arc used. 165 rRNA sequences and ATCC Deposit numbers inclading
each strain are as shown in Table 2A. In cerfain embodiments, nucrobe or microbes of
Streptomyces olivaceus strains have a 165 rRNA gene nucleotide sequence or sequences with at
least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55 wlentity, or 100% identity, such as at least 85%,
preferably at least 96%, more preferably at least 97%, even more preferably at least 98%, still
more preferably at least 99%, vet still more preferably at least 99 5% wdentity to onc or more
sequences for each strain as designated in Table 2A to one or more sequences for each strain as
designated in Table 2A.

[0061] Additionally or alternatively, in cmbodiments including one or more Strepromyces
nuerobes, Strepfomyces microbes comprise microbes of Strepromyees toxyrricing, such as

microbes of one or more Streplomyces toxyiricini strains, e.g., at least 1, 2, 3, or 4 and/or not
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more than 2,3, 4, §, 6,7, or 8 Srrepromyces foxyiricini strains, such as 1-8, preferably 1-7, more
preferably 1-5 To certain embodiments, one or more Streptonyces foxyiricini nicrobes comprise
a first mucrobe of a furst Strepromyces toxytricing strain. To certain cmbodiments, one or more
Strepiomyces toxyiricini microbes comprise a second microbe of a second Streptomyces
foxytricini strain, difforent from the first strain. ln cortain embodiments, one or more
Strepiomyces foxytricini microbes comprise a third microbe of a third Sirepromyces foxytricini
stram, different from the first and second strams.  In certain embodiments, one or more
Streptopiyees toxyiricin microbes comprise a fourth microbe of a fourth Strepiomyces foxyiricini
strain, different from the first, second, and third strains. In certain embodiments, microbes of a
first Strepromyces foxytricing strain, such as the strain designated OATHO0011, arc used.
Alternatively or additionally, in certain embodiments, microbes of a second Streptomyces
foxytricini strain, such as the strain designated OATHO1091 arc used. 168 rRNA sequences and
ATCC Deposit numbers including cach strain are as shown in Table 2A. 1o certam
embodiments, microbe or microbes of Strepiomyces toxyiricini strains have a 165 rRNA gene
nucleotide sequence or sequences with at east 80, 85, 90, 95, 96, 97, 98, 99, or 99.35 identity, or
100% identity, such as at least 93%, preferably at least 96%, more preferably at least 97%, even
more preferably at least 98%, still more preferably at least 99%, vet still more preferably at least
99.5% identity to one or more sequences for each strain as designated in Table 2A to one or more
sequences for cach strain as designated in Table ZA

{00621 Additionally or alternatively, in embodiments incloding one or more Strepromyces
microbes, Strepromyces mcrobes comprise microbes of Strepiomyces griseoruber, such as
microbes of one or more Strepiomyces grisecruber strains, e.g., at least 1, 2, 3, or 4 and/or not
more than 2, 3, 4, 5, 6, 7, ot 8 Strepromyces griseoruber strams, such as 1-8, preferably 1-7, more
preferably 1-5 In certain embodiments, one or more Strepionyces griseoruber microbes
comprise a first microbe of a first Strepiomyces griseornber strain. In certain embodiments, one
or mare Streptomyces griseoruber microbes comprise a second microbe of a second
Strepromyces griseoruber straim, different from the fivst strain. In certain embodiments, one or
more Strepromyees griseoruber microbes comprise a third microbe of a third Strepfonvees
griseoruber strain, different from the first and second strains.  In certain embodiments, one or
more Streptomyces griseoruber microbes comprise & fourth microbe of a fourth Strepromyces
griseoruber strain, different from the first, second, and third stramms. In certain embodiments,
microbes of a first Sirepromyces grisecruber strain, such as the strain designated QATHOZ061,
arc used. 165 rRNA sequences and ATCC Deposit numbers including cach strain are as shown
in Table 2A. In certain embodiments, microbe or microbes of Strepromyces griseoruber straing

have a 168 rRNA gene nucleotide sequence or sequences with at least 80, 83, 90, 93, 96, 97, 98,
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99, or 99.55 identity, or 100% identity, such as at least 95%, preferably at least 96%, more
preferably at least 97%, even more preferably at least 98%, still more preferably at least 99%, vet
still more preferably at least 99.5% identity to one or more sequences for cach strain as
designated 1n Table 2A €0 one or more sequences for each strain as designated in Table 2A.
{0063] Additionally or alternatively, in embodiments including one or more Strepromyces
nucrobes, Streptfomyces microbes comprise nucrobes of Strepromyces kurssanovii, such as
nucrobes of one or more Strepiomyces kurssonovii strains, ¢.g., at least 1, 2, 3, or 4 and/or not
more than 2. 3, 4, §, 6, 7, or 8 Strepromyces kurssanovii sirains, such as 1-8, preferably 1-7, more
preferably 1-3 In certain coibodiments, one or more Strepfomyces kurssanovii microbes comprise
a first microbe of a first Strepiomyees kurssanovii strain. In certain embodiments, one or more
Streptomyces kurssanovii microbes comprise a second microbe of a second Strepromyces
kurssanovii strain, different from the first strain. In certain embodiments, one or more
Strepromyces kurssanovii aicrobes comprise a third microbe of a thud Strepromyces kurssanovii
strain, different from the first and second strains.  In certain embodiments, one or more
Streptomvees kurssanovii microbes comprise a fourth microbe of a fourth Streplomyces
kurssanovii stram, different from the first, second, and third strains. In certain embodiments,
microbes of a first Strepromyces kurssanovii strain, such as the stramm designated OATHO2081,
are used. 165 rRNA sequences and ATCC Deposit numbers including each strain are as shown
in Table 2A. In cortain embodiments, microbe or microbes of Streptomyces kurssonovii strains
have a 168 rRNA gene nuclestide sequence or sequences with at least 80, 83, 90, 93, 96, 97, 98,
99, or 99.55 identity, or 100% wWdentity, such as at least 95%, preferably at least 96%, more
preferably at least 97%, even more preferably at feast 98%, still more preferably at least 99%, vet
still more preferably at least 99.5% identity to one or more sequences for cach strain as
designated n Table 2A to one or more sequences for each strain as designated 1n Table 2A.
[0064] Additionally or alternatively, in embodiments including one or more Strepromyces
nucrobes, Streptemyces roicrobes comprise microbes of Strepromyces grisecfuscus, such as
nucrobes of one or more Strepiomyces griseofuscus strains, e.g., atfeast 1, 2, 3, or 4 and/or not
more than 2,3, 4, 5,6, 7, or 8 Strepromyces griseofuscus strans, such as 1-8, preferably 1-7,
more preferably 1-3 In certain embodiments, one or more Streptomyces griseofiuscus microbes
comprise & first microbe of a first Strepromyces griseofuscus strain. In certain ermbodiments, one
or more Streptomyces griseofiuscus yvoicrobes comprise a second microbe of a second
Streptomyces griseofuscus strain, ditferent from the first strain. In certain embodiments, one or
more Sirepromyces griseofisscus mucrobes comprise a third microbe of a third Strepfomyces
griseofuscus stran, different from the first and second strains.  In certain embodiments, one or
more Strepromyvees griseofuscus microbes comprise a fourth microbe of a fourth Streptomyces
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griseofuscus strain, different from the first, second, and third strains. In certatn embodiments,
microbes of a first Strepromyces griseofuscus strain, such as the strain designated OATHG1254,
are used. 168 rRNA sequences and ATCC Deposit numbers including cach strain are as shown
in Table 2A. In certain embodiments, microbe or microbes of Sireptomyces griseofiiscus straimns
3 have a 165 fRNA gene nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98,
99, or 99535 dentity, or 100% dentity, such as at least 95%, preferably at least 96%, more
preferably at least 979, even more preferably at least 98%, still more preferably at least 99%, vet
still more preferably at least 99.5% identity to one or more sequences for cach strain as
designated in Table ZA to one or more sequences for cach strain as designated in Table ZA
10 [8065] Additionally or altematively, in embodiments including one or more Strepromyces
microbes, Strepiomyces microbes comprise microbes of Strepiomyces nigra, such as microbes of
one or more Streplomyces rigra strains, .., at least 1, 2, 3, or 4 and/or not more than 2, 3, 4. 5,
6,7, or 8 Streptomyces nigra strains, such as 1-8, preferably 1-7, more preferably 1-3 In certam

embodiments, one or more Streptomyces nigra microbes comprise a first microbe of a first
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Streptomyees nigra stram. In certain embodiments, one or more Strepfonvees nigra microbes
comprise a second microbe of a second Strepromyces nigra strain, different from the first strain,
In certain embodiments, one or more Streptomyces nigra microbes comprise a third microbe of a
third Streptomyces migra strain, different from the first and second strains.  In certain
embodiments, one or more Strepromyces nigra microbes comprise a fourth microbe of a fourth
20 Srrepromvees nigra strain, different from the first, second, and third strains. In cerfain
embodiments, microbes of a first Strepromyces nigra stram, such as the strain designated
OATHOI951, arc used. 168 rRNA sequences and ATCC Deposit numbers inclading each strain
are as shown in Table ZA. In certain embodiments, microbe or microbes of Strepromyces nigra
strains have a 168 rRNA gene nucleotide sequence or sequences with at least 80, 85, 80, 95, 96,
25 97,98, 99, or 9955 identity, or 100% wdentity, such as at least 95%, preferably at least 96%,
more preferably at least 97%. even more preferably at least 98%, still more preferably at least
99%, vet still more preferably at least 99.5% wdentity to one or more sequences for each strain as
designated in Table 2A to one or more sequences for each strain as designated in Table ZA.
{3066} Additionally or altematively, i embodiments including one or more Strepromyces
30 microbes, Strepromyces microbes comprise microbes of Streplomyces nigrescens, such as
microbes of one or more Strepromyees nigrescens strains, e.g., at feast |, 2, 3, or 4 and/or not
more than 2, 3. 4, 5, 6. 7, or 8 Sfrepromyces nigrescens strains, such as 1-8, preferably 1-7, more
preferably 1-5 In certain emabodiments, one or more Strepfonmyces nigrescens microbes comprise
a first microbe of a fivst Strepfomyces nigrescens stramn. In certain embodiments, one or more

38 Swrepromvces nigrescens microbes comprise a second microbe of a second Strepromyces
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nigrescens strain, different from the first strain. In certam embodiments, one or more
Streptoniyees nigrescens microbes comprise a third microbe of a third Strepfomyces nigrescens
strain, different from the first and sccond strains.  In certam cmbodiments, one or more
Strepiomyces nigrescens microbes comprise a fourth microbe of a fourth Strepiomyces
3 nigrescens strain, difforent from the first, sccond, and third strains. Inx cortain embodiments,
nucrobes of a first Sirepromyces nigrescens strain, such as the strawn designated OATHOOO 13,
are used. 168 rRNA sequences and ATCC Deoposit numbers including cach strain are as shown
in Table ZA. In certain embodiments, microbe or microbes of Streptomyces nigrescens strains
have a 165 rRINA gene nucleotide sequence or sequences with at least 80, 83, 90, 93, 96, 97, 98,
10 99, or 99.55 dentity, or 100% identity, such as at least 95%, preferably at least 96%, more
preferably at least 7%, even more preferably at least 98%, still more preferably at least 99%, vet
stiil more preferably at least 99.3% identity to one or more sequences for ecach strain as
designated in Table 2A to one or more sequences tor cach strain as desigoated in Table 2A

{8067} Additionally or altematively, in embodiments inclading one or more Strepromyces
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microbes, Strepromyces microbes comprise microbes of Strepfomvees spOG0G721603, such as
microbes of one or more Strepfomyces spO007216035 strains, ¢.g., at least 1, 2, 3, or 4 and/or not
more than 2, 3, 4, 5, 6, 7, or § Streptomyces sp000721 605 strams, such as 1-8, preferably 1-7,
more preferably 1-5 In certain embodiments, one or more Sireptomyces sp000721605 microbes
comprise a first microbe of a first Strepionyces spO00721605 strain. In cortain embodiments, one
20 or more Streplomyces sp00721605 microbes comprise a second microbe of a second
Strepiomyces spOOG721603 stramm, different from the first strain. In certain embodiments, one or
more Strepromyces sp000721 605 microbes comprise a third microbe of a third Strepromyces
sp00721605 strain, different from the first and second strains.  In certain embodiments, one or
more Streptomyces spl00721 6035 microbes comprise a fourth microbe of a fourth Strepromyces
25 sph00721605 strain, different from the first, second, and third strains. In certain embodiments,
nucrobes of a first Strepromyces sp000721 605 strain, such as the strain designated OATHO2071,
arc used. 168 rRNA sequences and ATCC Deposit nuabers including cach strain are as shown
in Table ZA In certain embodiments, microbe or microbes of Strepiomyces sp00G721605 strams
have a 165 rRINA gene nucleotide sequence or sequences with at least 80, 83, 90, 93, 96, 97, 98,
30 99 or 99.55 identity, or 100% identity, such as at least 95%, preforably at least 96%, more
preferably at least 97%, even more preferably at least 98%, still more preferably at least 99%, vet
stiil more preferably at least 99.3% identity to one or more sequences for ecach strain as
designated in Table 2A to one or more sequences for cach strain as designated in Table 24,
{0068} Additionally or alternatively, in embodiments incloding one or more Strepromyces
35 microbes, Streptomyces microbes comprise microbes of Strepromyces spOI90492435, such as
8.
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microbes of one or more Sireplomyces spl1 9049245 strains, ¢.g., at least 1, 2, 3, or 4 and/or not
more than 2, 3, 4, 5, 6, 7, ot 8 Strepromyces spl] 90492435 strains, such as 1-8, preferably 1-7,
more preferably 1-5 In cortaim emboduments, one or more Strepromyees sp0i 9049245 microbes
comprise a first microbe of a first Strepiomyces sp0I19049245 strain. In certain embodiments, one
3 ormaore Sireptomyces sp019049245 microbes comprise a second microbe of a second
Strepiomyces sp0i 9049245 stram, different from the first strain. In certain embodiments, one or
more Strepromyees sp0l 2049245 microbes comprise a third nucrobe of a third Strepromyees
sp019049245 strain, different from the first and second straing.  In certain envbodiments, ong or
more Strepromyces spU19049245 microbes comprise a fourth microbe of a fourth Strepromyces
10 sp(9049245 strain, different from the first, second, and third strains. In certain embodiments,
microbes of a first Sireptomyces spi] 9042245 strain, such as the strain designated OATHO2091,
arc used. 165 rRNA sequences and ATCC Deposit numbers including each strain are as shown
i Table 2A In centain embodiments, microbe or microbes of Strepromyces sp] 9049245 strains

have 3 168 rRNA gene nucleotide sequence or sequences with at least 80, 83, 90, 93, 96, 97, 98,
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99, or 99 35 identity, or 100% identity, such as at least 95%, preferably at least 96%, more
preferably at least 97%, even more preferably at least 98%, still more preforably at least 99%, vet
still more preferably at least 99.3% identity to one or more sequences for each strain as
designated 1n Table 2A t0 one or more sequences for each strain as designated in Table 2A.
(30697 In embodiments including one or more non-Strepromyees microbes, any suitable non-
20 Srepromvees microbes may be used. In certain embodiments, microbes of one or more non-
Strepiomyces stramn comprise microbes of one or more of Pseudomonas, Microvirga,
Paenibacillus, Rhodococcus, Lysinibaciilis, Actinoplanes, Agromyces, Allosphingosinicella,
Aneurinibacillus, Arthrobacier, Bacillus, Brevibacillus, Caldimonas, Cupriavidus, Ervihrobacter,
Kocuria, Microbacterivm, Microbispora, Mycetocola, Neorfiizobium, Nocardia, Nocardioides,
25 Nemomuraea, Peribaciiius, Priestia, Pristimantibacilius, Stenotrophomonas, Stuizerimonas,
Terrimonas, and/or Zhihenglivella
{0076 In embodiments including microbes of one or more Psendomonas strains, any suttable
species and/or strain(s} of Psendomonas may be used. In certain embodiments, cells (microbes)
ofatleast 1.2, 3,4, 5 or 6 and/or not more than 2, 3, 4, 53, 6, or 7, preferably 1-7, more
30 preferably 1-5, even more preferably 1-3, such as 1, or 2, Pseudomonas strains arc used. In
certain embodiments, one or more Pseudomonas microbes comprise a first microbe of a first
Pseudomonas strain. In certain embodiments, one or more Psendomonas microbes comprise a
second microbe of a sccond Pseudomonas strain, different from the first strain. In cortain
embodiments, microbes of a first Pyendomonas E paracarnis strain, such as the strain designated

35 QATHO0I0Z, are used. Altematively or additionally, in certain embodiments, microbes of a
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second Pseudomonas F paracarnis strain, such as the strain designated OATHO1112 are used.
Alteroatively or additionally, in certain embodiments, microbes of a fust Preudomonas
delhiensis strain, such as the strain designated OATHO1601, are used. Alternatively or
additionally, in certain embodiments, microbes of a second Pseudomonas delhiensis strain, such
as the strain designated OATHC1651 are used. Alternatively or additionally, in certain
embodiments, microbes of a first Psendomonas K oryzae steain, such as the strain designated
OATHO1461, arc used. Altematively or addiionally, in certain embodiments, microbes of a
second Fseudomonas K oryzae strain, such as the strain designated OATHO1431 are used. 168
rBNA sequences and ATCC Deposit munbers including cach strain arc as shown in Table 2A. In
certain embodiments, microbe or microbes of Pseudomonas strains have a 165 rfRNA gene
mcleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55 identity, or
100% identity, such as at least 93%. preferably at least 96%., more preferably at least 97%, even
more preferably at least 98%, still more preferably at least 99%, vet still more preferably at least
99.5% identity to one or more sequences for each strain as designated in Table 2A to one or more
sequences for cach strain as designated in Table 2A.
[6071] In embodiments including microbes of one or more Microvirga strains, any suitable
strain{s) of Microvirgs may be used. In certain embodiments, the Microvirga strain comprises
Microvirga sp022346925, such as the strain designated OATHO1971 | 165 rRNA sequences and
ATCC Deposit numbers incleding cach strain are as shown in Table 2A. In certain
embodiments, microbe(s) of the Microvirga strain have a 168 rRNA gene nucleotide sequence or
sequences with at least 80, 83, 90, 95, 96, 97, 98, 99, or 99 55 1dentity, or 100% identity, such as
at least 95%, preferably at least 96%, more preferably at least 97%, even more preferably at least
98%, still more preferably at least 99%, vet stitl more preforably at feast 99.5% identity to one or
more sequences for each strain as designated in Table 2A to one or more sequences for each
strain as designated in Table 2A.
{8072 In embodiments including microbes of one or more Paenibacillus strains, any
suttable stram({s) of Paenibacillus may be used. In certain embodiments, cells (microbes) of at
feast 2, 3, 4, or 5 and/or not more than 2, 3, 4, 5, or 6 Paenibaciiius strains are used. In certain
embodiments, one or more Paenibaciilus microbes comprise a first microbe of a first
Paenibacillus strain, In certam embodiments, one or more Paenibacillis microbes comprise a
second microbe of a second Paenibacillus stram, different from the first strain. In certain
embodiments, one or more Paenibacilius microbes comprise a third microbe of a third
Paenibaciiius strain, different from the first and second strains. In certain erobodiments,
nuerobes of a first Paenibacillus cellulositrophicus strain, such as the strain designated as
OATHOOBTL, are used. Altematively or additionally, in certain embodiments, microbes of a
~6{)-
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second Paenibacillus cellulositrophicus stram, designated as OATHO1263 are used.
Alteroatively or additionally, in certain embodiments, microbes of a third Paenibaciiiis
cellulositrophicus strain, designated as QATHOI371 arc used. 168 rRNA sequences and ATCC
Beposit numbers including each strain are as shown in Table 2A. In certain embodiments,

3 nucrobe or microbes of Paenibaciflus strains have a 165 tRNA gene nucleotide sequence or
sequences with at least 80, 83, 90, 95, 96, 97, 98, 99, or 99 .55 identity, or 100% identity, such as
at least 95%, preferably at least 96%, more preferably at least 97%, even more preferably at least

%, vet still more preferably at least 99.5% identity to one or

98%, still more preferably at least 99
more sequences for cach strain as designated in Table 2A to one or more sequences for cach

10 stram as designated in Table 2A.
[0873] In embodiments including microbes of one or more Rhodococcus strains, any
suitable strain{s} of Rhodococcus may be used. In certain embodiments, cells {microbes) of at
lcast 1,2, 3, 0r4, 2, 3,4, or 5 and/ornot more than 2, 3, 4, 5, or 6 Rhodococcus strans are used.

In certain embodiments, one or more Rhodococcus microbes comprise a first microbe of a first
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Rhodococcus stram. In certain embodiments, one or more Rhodococcus microbes comprise a
second microbe of a second Rhodococcus stram, different from the frst strain. In certam
embodiments, microbes of Riodococeus straing comprise microbes of one or more of
Rhodococcus erythropolis strains, such as Rhodococcus ervihropolis designation QATHO00923
arc used. 168 rRNA sequences and ATCC Deposit mumnbers including each strain are as shown
20 i Table 2A. In certamn embodiments, micrebe or nucrobes of Riodococons strains have a 168
rRNA gene nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55
identity, or 100% identity, such as at least 95%, preferably at least 96%, more preferably at least
97%, even more preferably at least 98%, still more preferably at least 99%, vet stitll more
preferably af least 99.5% identity to one or more sequences for each strain as designated in Table
25 2Ato one or more Sequences for each strain as designated in Table 2A.
{0074] In embodiments including myicrobes of one or more Lysinibaciilus strains, any
suttable stram({s) of Lysinibacillus may be used. In certain embodiments, cells (nmicrobes) of at
least 1, 2, 3, or 4 and/or not more than 2, 3, 4, or 5 Lysinibacillus strains are used. In certain
embodiments, one or more Lysinihaciilus microbes comprise a first microbe of a first
30 Lywimibacillus strain. In certain embodiments, one or more Lysinibaciflus microbes comprise a
second microbe of a second Lvsinibacillus stramn, different from the first strain. In certain
embodiments, microbes of Lysinibacifius strains comprise microbes of Lysinibacitlus capsici,
such as Lysinibacillus capsici desiguation OATRHO1003, arc used. Alternatively or additionally,
in certain embodiments, microbes of Lysinibacillus strains comprise mierobes of Lysinibacillus
38 sphaericus, such as Lysinibacilius sphaericus designation OATHO0892, are used. 168 rRNA
61-



10

[y
0

WO 2025/097154 PCT/US2024/054441

sequences and ATCC Deposit numbers including each strain are as shown in Table 2A. In
certain embodiments, nyicrobe or microbes of Lysinibacilius strains have a 165 rRNA gene
nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55 identity, or
1009, sach as at least 95%, preferably at least 6%, more preferably at least 97%, even more
preferably at lcast 98%, still more preferably at least 99%, yet still more preferabiy at keast
99.5% identity to one or more sequences for each sirain as designated in Table 2A to one or more
sequences for each strain as designated in Table 2A.

{0075] In embodiments including microbes of one or more Bacillus straims, any suitable
strain{s) of Baciifus may be used. In certain embodiments, cells (microbes) of atleast 1, 2, 3, 4,
$,6,7,8, 14,12, 15, 17, 20, or 22 and/ornot more than 1, 2, 3, 4,5, 6,7, 8, 10, 12, 15, 17, 20,
22,25, or 30 Bacillus strains are used. In certain embodiments, one or more Bacillus microbes
comprise a first microbe of a first Baci/fus strain. In certain embodiments, one or more Bacilly
nucrobes comprise a sccond microbe of a second Bacillus strain, different from the first strain. In
certain embodiments, one or more Baciflus microbes comprise a third microbe of a third Baciflus
stratn, different from the first and second strains. In certain embodiments, one or more Bacilius
microbes comprise a fourth microbe of a fourth Bacillus strain, different from the first, second,
and third strains. In cortain embodiments, one or more Bacilfus microbes comprise a fifth
microbe of a fifth Bacillus strain, different from the first, second, third, and fourth strains. In
certain embodiments, microbes of Bacillus strains comprise microbes of Bacillus haynesii such
as Bacillus haynesii designation OATHO1252 are used. Alternatively or additionally, in certain
embodiments, microbes of Bacillus strains comprise mucrobes of Bacillus inaquosorun such as
Bacillus inaguosorum designation OATHO1621, and/or Bacillus inaguoscrum designation
OATHOI961, are used. Altiematively or additionally, 1n certain embodiments, microbes of
Baciilus strains comprise microbes of Bacillus licheniformis sach as Bacillus licheniformis
designation QATHO1291 Altematively or additionally, in certain embodiments, microbes of
Bacillus strams comprise microbes of Bacillus paralicheniformis such as Bacillus
paralicheniformis designation QATHO213 1 and/or Bacillus paralicheniformis designation
OATHO2151 Alternatively or additionally, in certain embodiments, microbes of Bacilius straing
comprise microbes of Bacillus safensis such as Bacillus safensis designation OATHO01491 |
and/or Baciltus safensis designation QATHGI611  Alternatively or additionally, i certain
embodiments, nucrobes of Bacillus strains comprise microbes of Bacillus spizizenii such as
Bacilius spizizenii designation OATHO881 | Bacillus spizizenii designation DATHO1991
and/or Bacillus spizizenii designation OATHO2001 Aliematively or additionally, in certain
embodiments, microbes of Bacillus strains comprise microbes of Baciilus subiilis such as

Bacillus subtilis designation QATHOIS11 |, Bacillus subtilis designation QATHO1561 |, Bacillus
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subtilis designation QATHOI631 Bacillus subtilis designation OATHO 1681 and/or Bacilius
subtilis designation GATHO1751  Alternatively or additionally, in certain embodiments,
microbes of Bacilius strains comprise microbes of Bacillus velizensis such as Bacillus velizensis
designation QATHO1382 | and/or Bacilius velizensis designation OATHOCI383 | Alternatively or
additionaiiy, in certain embodiments, microbes of Bacillus strains comprise microbes of

Bacilius A thuringiensis K such as Hacillus A thuringiensis K designation OATHO 441 |
Alternatively or additionally, in certain embodiments, microbes of Bacilfus strains comprise
microbes of Bacilius 1 endophytica 4 such as Bacillus 1 endophyiica A designation
OATHO47Y | Bacillus I endophyiica 4 designation OATHOL4R1 | Baciflus 1 endophytica A
designation QATHOI321 , and/or Bacillus 1 endophyvtica A designation QATHO1641. 168
rRNA sequences and ATCC Deposit numbers including each strain are as shown in Table 2A. In
certain embodiments, microbe or microbes of Bacifius strains have a 165 rRNA gene nucleotide
sequence or sequences with at least 80, 85, 80, 95, 96, 97, 98, 99, or 99.55 identity, or 100%,
such as at least 95%, preferably at least 96%, more preferably at least 97%, even more preferably
at least 98%, still more preferably at least 99%, yet still more preferably at least 99.5% identity ¢
1o one or more sequences for each strain as designated in Table 2A to one or more sequences for
cach strain as designated in Table 2A

{O076] In embodiments including microbes of one or more dnewrinibacilius strains, any
suitable stram{s} of Aneurinibacillus may be used. In certain embodiments, cells (microbes) of at
feast 1, 2, or 3 and/or not more than 2, 3, or 4 4neurinibacillus strains are used. In certain
embodiments, one or more dneurinibacilius microbes comprise a first microbe of a fivst
Aneurinibacilius stram. In certain embodiments, one or more Aneurinibacillus microbes
comprise a second microbe of a second dneurinibocilius stram, different from the first strain. In
certain embodiments, microbes of dreurinibacillus strams comprise microbes of
Aneurinibacillus aneurinilyticus, such as Anewrinibacilius aneurinilviicus designation
OATHO1281. 165 rRNA scquences and ATCC Deposit numbers including each strain are as
shown i Table 2A. In certamn embodiments, microbe or microbes of Aneurinibacilius strams
have 3 165 rRINA gene nucleotide sequence or sequences with at least 80, 83, 90, 93, 96, 97, 98,
99, or 99 35 identity, or 100%, such as at least 93%, preferably at least 96%, more preferably at
least 97%, even more preferably at least 8%, still more preferably at least 99%, yet still more
preferably at least 99.5% wdentity to one or more sequences for each strain as designated in Table
2A to one or more seguences for each strain as designated in Table 2A.

{0077] In embodiments including microbes of one or more Brevibacilius strains, any suitable
stram{s) of Brevibacilius may be used. In cerfain embodiments, cells (microbes) of at least {, 2,

3, or 4 and/or not more than 2, 3, 4, or § Brevibacilius straing are used. In certain embodiments,
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one or more Brevibacitlus microbes comprise a first microbe of a first Brevibacillys strain. In
certain embodiments, one or more Brevibacilfus mucrobes comprise a second microbe of a
sccond Brevibacilluy strain, different from the first strain. In certain cmbodiments, microbes of
Brevibacillus strains comprise microbes of Brevibacillus panacihumi, such as Brevibacillus
panacihumi designation OATHO1363. 168 rRNA sequences and ATCC Deposit numbers
including each strain are as shown in Table 2A. In certain embodiments, microbe or microbes of
Brevibacillus strains have a 165 rRNA gene nucleotide sequence or sequences with at least 80,
83, 90, 93, 96, 97, 98, 99, or 99.55 identity, or 100%, such as at least 95%, such as at feast 953%,
preferably at least 96%, more preferably at least 97%, even more preferably at least 98%. still
more preferably at least 99%, vet still more preferably at least 99.5% wdentity to one or more
sequences for each strain as designated in Table 2A to one or more sequences for each strain as
designated in Table 2A.
{30781 In embodments including mucrobes of one or more Caldimonas strains, any suitable
stramn{s) of Caldimonas may be used. In certain embodiments, cells (microbes) of at feast 1, 2, 3,
or 4 and/or not more than 2, 3, 4, or 3 Caldimornas strains are used. In certain embodiments, one
or maore Caldimonas microbes comprise a first microbe of a first Caldimonas stram. In cortain
embodiments, one or more Caldimonas microbes comprise a second microbe of a second
Caldimonas straim, different from the first strain. In certain embodiments, microbes of
Caldimonas strains comprise microbes of Caldimonas such as Caldimonas mangrovi designation
OATHOIROL. 168 rRNA sequences and ATCC Deposit numbers inchuding cach strain are as
shown mn Table 2A. In certamn embodiments, microbe or microbes of Caldimonas strains have a
165 rRNA gene nucleotide sequence or sequences with at feast 80, 85, 90, 95, 96, 97, 98, 99, or
99.55 identity, or 100%, such as at least 95%, preferably at least 96%, more preferably at least
7%, even more preferably at least 98%, still more preferably at least 99%, vet stil more
preferably at least 99 .53% identity to one or more sequences for each strain as designated o Table
2A to one or more sequences for cach strain as designated n Table 24,
{0079] In embodiments including microbes of one or more 4dctinoplanes strains, any suitable
stram{s) of Aciinoplanes may be used. In certain embodiments, cells {microbes} of at least 1, 2,
3, or4 and/or not more than 2, 3, 4, or 5 strains are used. In certain embodiments, one or more
Actinoplanes microbes comprise a first nucrobe of a first Actinoplares strain. In certain
embodiments, one or more Actinoplanes microbes comprse a second microbe of a second
Actinoplanes strain, different from the first strain. In certain embodiments, microbes of
Actinoplanes strains comprise microbes of Actinoplanes aureus, such as Actinoplones aureus
designation OATHOIY1L . 165 tRNA sequences and ATCC Deposit numbers including each
strain are as shown in Table 2ZA.  In certain embodiments, microbe or microbes of Actinopianes
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strains have a 165 fRNA gene nucleotide sequence or sequences with at least 80, 83, 90, 95, 96,
97, 98, 99, or 99 .55 identity, or 100%, such as at least 95%, preferably at least 96%, more
preferably at least 97%, even more preferably at least 98%, still more preforably at least 99%, vet
still more preferably at least 99.5% identity to one or more sequences for each strain as
5 designated in Table 2A to one or more sequences for cach strain as designated in Table 2A.
{0084] In embodments including nyicrobes of one or more Agromyces strains, any suitable
stram(s) of Agromyces may be used. In certain embodiments, cells (nucrobes) of at least 1, 2, 3,
or 4 and/or not more than 2. 3, 4, or 3 strains are used. In certain embodiments, one or more
Agromyces microbes comprise a first microbe of a first Agromvees strain. In certain
10 embodiments, one or more Agromyces microbes comprise a second microbe of a second
Agromyces strain, different from the first strain. In certain embodiments, microbes of Agromyces
strains comprise microbes of Agromyces sp31178025, such as Agromyces sp031 178025
designation OATHO1981 . 165 tfRNA sequences and ATCC Deposit numbers mcluding cach

strain are as shown in Table 2ZA.  In certain embodiments, microbe or microbes of Agromyees
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strains have a 168 rRNA gene nucleotide sequence or sequences with at least 80, 83, 690, 93, 96,
97, 98, 99, or 99 55 identity, or 100%, such as at least 95%, preferably at least 969, more
preferably at least 97%, even more preferably at least 98%, still more preferably at least 99%, vet
still more preferably at least 99.5% identity to one or more sequences for each strain as
designated in Table 2A to one or more sequences for cach strain as designated in Table 2A.

20 (0081} In embodiments including microbes of one or more dflosphingosivicelln strains, any
suitable stramn{s) of Allosphingosinicelia may be used. In certain embodiments, cells {microbes)
of atleast I, 2, 3, or 4 and/or not more than 2, 3, 4. or 5 strains are used. In certain embodiments,
one or more Aflosphingosinicella microbes coraprise a first microbe of a first
Allosphingosinicella strain. In certain embodiments, one or more Allosphingosinicella microbes

25 comprise a second microbe of a second dllosphingosinicella stramn, different from the first strain.
In certain embodiments, microbes of Allosphingosinicella strains comprise microbes of
Allosphingosinicella spii 1320075, such as Allosphingosinicella spd] 13200735 designation
OATHO2101 168 1RNA sequences and ATCC Deposit numbers incloding each strain are as
shown in Table 2A. In cortain embodiments, microbe or microbes of Allosphingosinicella strains

30 have a 165 rRINA gene nucleotide sequence or sequences with at least 80, 85, 90, 93, 96, 97, 98,

99, or 99.55 identity, or 100%, such as at least 95%, preferably at least 96%, more preferably at

least 97%, even more preferably at least 98%, still more preferably at least 99%, vet still more

preferably at least 99.53% identity to one or more sequences for cach strain as designated in Table

2A to one or more sequences for each strain as designated m Table 2A.
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{6082] In embodiments including microbes of one or more dréhrobacter strains, any suitable
strain{s) of Arthrobacter may be used. In certain emboduments, cells (mucrobes) of at least 1, 2,
3,4, 3 6 or7andlornot more than 2, 3,4, 5,6, 7, 8,9, or 10 strains are used. In certain
embodiments, one or more Arihrobacter microbes comprise a firat microbe of a first
5 Arthrobacter strain. In cortain embodiments, one or more Arthrobacter microbes comprise a
second microbe of a second Arifrebacter stran, different from the first stramn. In certamn
embodiments, microbes of Arthrobacter strains comprise microbes of drthrobacier
nitrophenolicus , such as Arthrobacter nitrophenolicus designation GATHG1591 . Alternatively
or additionally. in cortain embodiments, microbes of drthrobacter strams comprise microbes of
10 Arthrobacter pascens such as Arthrobacter pascens designation DATHOI671 .. Altematively or
additionally, in certain embodiments, microbes of Arthrobacter strains comprise microbes of
Arthrobacter phenanthrenivorans such as Arthrobacter phenanthrenivorans designation
OATHOI811 . Alternatively or additionally, 1o certain embodiments, microbes of 4rifirobacrer

strains comprise microbes of Arthrobacier siccitolerans such as Arthrobacter siccitolerans
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designation OATHO1371 . Altermatively or additionally, in certain embodiments, microbes of
Arthrobacter stratns comprise microbes of Arthrobacter sp006715285 such as Arthrobacier
spO06715285 desmignation QATHOIRS1 . Altematively or additionally, in certain embodiments,
microbes of Arthrobacier strains comprise microbes of Arthrobacter sp019977195 such as
Arthrobacter sp019977195 desigration OATHO1711 . Altematively or additionally, 1o certain
20 embodiments, microbes of Arthrobacter strains comprise microbes of drthirobacier sp02i129155
such as Artfrobacter sp021129155 designation QATHOLT3Y and/or Arthrobacter spi2] 129155
designation SATHO1721 | 168 rRNA sequences and ATCC Deposit numbers including cach
strain are as shown in Table 2A. In certain embodiments, microbe or nucrobes of 4rthirobacrer
strains have a 168 rRNA gene nucleotide sequence or sequences with at least 80, 85, 80, 95, 96,
25 97,98, 99, or 955 identity, or 100%, such as at least 95%, preferably at least 96%, more
preferably at least 97%, even more preferably at least 98%, still more preferably at least 99%, vet
stiil more preferably at least 99 5% identity to one or more sequences for cach strain as
designated in Table 2A to one or more sequences for each strain as designated in Table ZA.
{3083} In embodiments including microbes of one or more Cupriavidus strains, any suitable
30 stram{s) of Cupriavidus may be used. In certain embodiments, cells (microbes) of at least 1, 2, 3,
or 4 and/or not more than 2, 3, 4, or § strams are used. In certain embodiments, one or more
Cupriavidus microbes comprise a first microbe of a first Cupriavidus strain. In certain
embodiments, one or more Cupriavidus microbes comprise a second microbe of a second
Cupriavidus strain, different from the first strain. In certain embodiments, microbes of
35 Cupriavidus strains comprise microbes of Cupriavidus loharis, such as Cupriovidus laharis
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designation DATHO1501. 168 rRNA sequences and ATCC Deposit numbers including cach
strain are as shown in Table 2A. In certain erabodiments, microbe or nucrobes of Cupriavidus
strains have a 165 rRNA gene nucleotide sequence or sequences with at least 80, 85, 90, 95, 96,
97, 98, 99, or 59.55 identity, or 100%, such as at least 95%, preferably at least 96%, more
preferably at least 7%, cven more preferably at least 98%, still more preferably at least 99%, vet
still more preferably at least 99 5% identity to one or more sequences for each strain as
designated in Table 2A to one or more sequences for cach strain as designated in Table 24,
{6084} In embodiments including microbes of one or more Erythrobacier strains, any
suitable strain{s) of Aryrhirobacter may be used. In certain cmbodiments, cells (microbes) of at
feast 1, 2, 3, or 4 and/or not maore than 2, 3, 4, or 5 stramns are used. In certain embodiments, one
or more Ervthrobacter microbes comprise a first microbe of a first Ervihrobacter strain. In
certain embodiments, one or more Eryvihrobacter microbes comprise a second microbe of a
second Erythrobacter stram, different from the first stram. In certain embodiments, microbes of
Ervihrobacter strains comprise microbes of Ervilrobacter sp0i6542605 | such as Evvthrobacter
sp006542605 designation DATH2021 . 168 rRNA sequences and ATCC Deposit numbers
including cach strain are as shown in Table ZA. In certain embodiments, microbe or microbes of
Frythrobacter strains have a 165 rRNA gene nucleotide sequence or sequences with at least 80,
85,90, 95, 96, 97, 68, 99, or 99.55 identity, or 100%, such as at least 95%, preferably at least
96%, more proferably at least 97%, even more preferably at least 98%, still more preferably at
least 99%, vet still more preferably at least 99.5% dentity to one or more sequences for each
stram as designated in Table 24 1o one or more sequences for each stramn as designated in Table
ZA.

[085] In embodiments including microbes of one or more Kocuria strains, any suitable
strain{s) of Kocuriar may be used. In certain embodiments, cells (microbes) of atleast 1, 2,3, or 4
and/or not more than 2, 3. 4, or 5 strains are used. In certain embodiments, one or more Kocuria
nucrobes comprise a first microbe of a first Kocuria strain. In certain embodiments, one or more
Kocuria microbes comprise a second microbe of a second Kocuria strain, ditferent from the first
stramn. In certain embodiments, microbes of Kocuria straing comprise microbes of Kocuria
polaris A, such as Kocuria polaris A designation OATHO183 1, Kocuria polaris A designation
OATHOIRTY, and/or Kocuria polaris A designationn OATHOIG0! | Alternatively or
additionally, in certain embodiments, microbes of Kocuria strains comprise microbes of Kocuria
murfanensis such as Kocuria turfanensis designation OATHO1781. 168 rRNA sequences and
ATCC Deposit numbers including cach strain are as shown 1n Table 2A. 1o certam
embodiments, microbe or microbes of Kocuria strains have a 168 rRNA gene nucleotide

sequence or sequences with at least 80, 85, 90, 85, 96, 97, 98, 99, or 99.55 identity, or 100%,
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such as at least 95%, preferably at least 96%, more preferably at least 97%, even more preferably
at least 98%, still more preferably at least 99%, vet still more preferably at least 99.5% identity to
one or more sequences for each strain as designated in Table 2A to one or more sequences for
each strain as designated in Table 2A.

{0086] Inn embodiments including microbes of one or more Microbacierium strains, any
suitable stram({s) of Microbacterium may be used. In certain embodiments, cells (microbes) of at
feast 1, 2, 3, or 4 and/or not more than 2, 3, 4, or 5 strans are used. In certain embodiments, one
or more Microbacterium microbes comprise a first microbe of a first Microbacterium strain. In
certain embodiments, one or more Aicrobacterium microbes comprise a second microbe of a
second Microbacterinm strain, different from the first strain. In certam embodiments, microbes
of Microbacterium strains comprise microbes of Microbacterium oxydans, such as
Microbacterium oxydans designation OATH00143 . Altematively or additionally, in certain
embodiments, microbes of Microbacterium strains comprise microbes of Microbacierium
paraoxydans such as Microbacterium paraoxvdans designation QATHO00224 and/or
Microbacterium paracxyvdans designation GATHO0483 | Alternatively or additionally, in certain
embodiments, microbes of Microbacterium strains comprise microbes of Microbacterium
resistens such as Microbacterivm vesistens designation OATHO0342 Alternatively or
additionally, in certain embodiments, microbes of Microbacterinm strains comprise microbes of
Microbacterium sp002979655 such as Microbacierium sp002979635 designation DATH00493
168 rRNA sequences and ATCC Deposit numbers including cach strain are as shown in Table
ZA. In certain embodiments, microbe or microbes of Microbacierium strains have a 165 fRNA
gene nucleotide sequence or sequences with at least 80, 83, 90, 93, 96, 97, 98, 99, or 99.55
identity, or 100%, such as at least 95%, preferably at least 96%, more preferably at least 97%,
even more preferably at least 98%, still more preferably at least 99%, vet stuill more preferably at
least 99.5% identity to one or more sequences for each strain as designated in Table ZA to one or
more sequences for cach strain as designated 1o Table 2A.

{0087] In embodiments including microbes of one or more Microbispora strains, any
suitable strain(s) of Microbisporamay be used. In certain embodiments, cells {microbes) of at
feast 1, 2. 3. or 4 and/or not more than 2, 3, 4, or 3 strains are used. In certain embodiments, one
or raore Microbisporamicrobes comprise a first microbe of a fivst Microbisporastrain. In certain
embodiments, one or more Microbisporamicrobes comprise a second microbe of a second
Microbisporastrain, different from the first strain. In certain embodiments, microbes of
Microbisporastrains comprise nucrobes of Microbispora spii 41614435, such as Microbispora
sp0l4i6]445designation OATHO2011 . 168 rRNA sequences and ATCC Deposit nambers

including each strain are as shown in Table 2ZA. In certain embodiments, microbe or microbes of
68



WO 2025/097154 PCT/US2024/054441

Microbispora strains have a 168 fRNA gene nucleotide sequence or sequences with at least 80,
85, 90, 95, 96, 97, 98, 99, or 99.55 identity, or 100%, such as at least 93%, preferably at least
5%, more preferably at least 97%. even more preferably at least 98%, still more preferably at
least 99%, yet still more preferably at least 99.5% identity to one or more sequences for each
5 stramn as designated in Table 2A to one or more sequences for cach strain as designated in Table
{00881 In embodiments including microbes of one or more Mycefocola strains, any suitable
strain{s) of Mycerocola may be used. In certain embodiments, cells (microbes) of at feast 1, 2, 3,
or 4 and/or not more than 2, 3, 4, or 3 strains arc used. In certain embodiments, one or more
10 AMbeetocola microbes comprise a first microbe of a first Muvcefocola strain. In certain
embodiments, one or more Mycefocola microbes comprise a second microbe of a second
Mycerocola strain, different from the first strain. In cortain embodiments, microbes of
Mycetocola strams comprise microbes of Myeetocola A miduiensis such as Mycefocola A

miduiensis designation OATHO2111 . 168 fRNA sequaences and ATCC Deposit numbers
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inchuding each strain are as shown in Table 2ZA. In certain embodiments, microbe or microbes of
Mycetocola strains have a 165 rRNA gene nucleotide scquence or sequences with at least 80, 85,
90, 95, 96, 97, 98, 99, or 99.55 dentity, or 100%, such as at least 95%, preferably at least 96%,
more preferably at least 97%. even more preferably at least 98%, still more preferably at least
99%, vet still more preferably at least 99 5% identity to one or more sequences for cach strain as
20 designated in Table 2A to one or more sequences for each strain as designated in Table 2A.
{0089] In embodiments including microbes of one or more Neorhizobium strains, any
suitable strain{s) of Neorhiizobium may be used. [n certain embodiments, cclls (microbes) of at
feast 1, 2, 3, or 4 and/or not more than 2, 3, 4, or 5 strains are used. In certain embodiments, one
or more Neorfiizobiwm microbes comprise a first microbe of a first Neorhiizobiwm strain. In
25 certain embodiments, one or more Neorfizobium nricrobes comprise a second microbe of a
second Neorhizobinm stran, different from the first stram. In certain embodiments, microbes of
Neorhizobium strains comprise microbes of Neorhizobium flavam, such as Neorhizobium flavum
designation OATHO1861 | Neorhizobinm flavum designation OATHO1931 | and/or
Neorhizobium flavum designation OATHO01941 . Alternatively or additionally, in certain
30 emboduments, nicrobes of Neorhizobium strains comprise microbes of Neorhizobium
petrolearium such as Neorhizobium pefrolearium designation OATHOI921, 165 rRNA
sequences and ATCC Deposit numbers including each strain are as shown in Table 2A. In
certain embodiments, microbe or microbes of Neorhizobium strains have a 168 (RNA gene
nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99 .55 identity, or

35 100%, such as at least 95%, preferably at least 96%, more preferably at least 97%, even more
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preferably at lcast 98%, still more preferably at least 99%, vet still more preferably at feast
99.5% identity to one or more sequences for cach strain as designated in Table 2A to one or more
sequences tor each strain as designated in Table 2A

{ECS In embodiments including microbes of one or more Nocardia strains, any suniable
strain(s) of Nocardia may be used. In cortain embodiments, cells {(microbes) of at least 1, 2, 3, or
4 and/or not more than 2, 3, 4, or 5 stramns are used. In certain embodiments, one or more
Nocardia microbes comprise a fivst microbe of a first Nocardia strain. In certain embodiments,
onte or mare Nocardia microbes comprise a second microbe of a second Nocardia strain,
different from the first strain. In certain embodiments, microbes of Nocardia strains comprise
microbes of Nocardia farcinica, such as Nocardia farcinica designation GATHGIT771 0 168
rRNA sequences and ATCC Deposit numbers including each strain are as shown in Table 2A.

In certain ermnbodiments, microbe or microbes of Nocardia strains have a 165 rRNA gene
nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99,55 identity, or
100%, such as at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, still more preferably at least 99%, vet still more preferably at feast
99.5% identity to one or more sequences for cach strain as designated in Table 2A 1o oune or more
sequences for each strain as designated in Table 24,

{0051 ] In embodiments including microbes of one or more Nocardivides strains, any
suitable strain{s} of Nocardioides may be used. In certain embodiments, cells {(microbes) of at
feast 1, 2, 3, or 4 and/or not more than 2, 3, 4, or 5 stramns are used. In certain embodiments, one
or more Nocardioides microbes comprise a first microbe of a first Nocardicides stramn. In certain
embodiments, one or more Nocardioides microbes comprise a second microbe of a second
Nocardioides strain, different from the fust stram. fo certain embodiments, microbes of
Nocardioides strains comprise microbes of Nocardioides strain designation OATHO2121 | 168
rRINA sequences and ATCC Deposit numbers including each strain are as shown in Table ZA.

In certain erobodiments, microbe or mucrobes of Nocardicides strains have a 168 rRNA gene
nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55 dentity, or
100%, such as at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, still more preferably at least 99%, vet still more preferably at least
9G.5% identity to one or more sequences for cach strain as designated in Table 2A 1o one or more
sequences for each strain as designated in Table 2A.

FOO92] In embodiments including microbes of one or more Nonomuraea strains, any suitable
stram{s} ot Noromuraea may be used. In certain erobodiments, cells (microbes) of at feast 1, 2,
3, or 4 and/or not more than 2, 3, 4, or S strains are used. In certam embodiments, ong or more

Nonomuraea microbes comprise a first microbe of a first Nenomuraea strain. In certain
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embodiments, one or more Nonomuraea microbes comprise a second microbe of a second
Nonomuraea strawn, different from the first stram. In certain embodiments, nucrobes of
Nonomraea straing comprise mictobes of Nonomuraea rhodomycinics, such as Nonomuraea
rhodomycinicn designation DATHO1761 . 165 rRNA soguences and ATCC Deposit mumbers

3 including cach strain arc as shown in Table 2A. In certain embodiments, microbe or microbes of
Nonomuraea strains have a 168 tRNA gene nucleotide sequence or sequences with at least 80,
85, 90, 95, 96, 97, 98, 99, or 99.55 wdentity, or 100%, such as at least 95%, preferably at least

%, even more preferably at least 98%, still more preferably at

96%, more preferably at least 97
least 99%, vet still more preferably at least 99.5% identity to one or more sequences for cach

10 stram as designated in Table 2A to one or more sequences for cach strain as designated in Table
ZA.
[3093] In embodiments including microbes of one or more Peribacilius strains, any suitable
stram{s} of Peribacillus voay be used. In cortain embodiments, cells {microbes) of at least 1, 2, 3,

or 4 and/or not more than 2, 3. 4, or 3 strains are used. In certain embodiments, one or more
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Peribacilius microbes comprise a first microbe of a first Peribacilius strain. In certain

embodiments, one or more Peribacilius microbes comprise a sccond microbe of a sccond

Peribaciflus strain, different from the first stramn. In certain embodunents, nmicrobes of

Peribacillus strains comprise microbes of Peribaciilus frigoritolerans A, such as Peribaciilus

Frigoritolerans 4 designation OATHO1661 | Peribaciilus frigoritolerans A designation

20 QATHO1691 |, and/or Peribacillus frigovitolerans 4 designation OATHO1741 16S fRNA
sequences and ATCC Deposit numbers including each strain are as shown in Table 2A. In
certain embodiments, microbe or microbes of Peribacillus strains have a 165 fRNA gene
nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55 identity, or
1009, such as at least 93%, preferably at least 6%, more preferably at least 97%, even more

25 preferably at least 98%, still more preferably at least 99%, vet still more preferably at least
99.59% identity to one or more sequences for cach sirain as designated in Table 2A to one or more
sequences for cach strain as designated 1o Table 2A.
{0094] In embodiments including microbes of one or more Priestia strains, any suttable
strain{s) of Priesfic may be used. In certain embodiments, cells {microbes) of at least |, 2, 3, or 4

30 and/ornot more than 2, 3, 4, or 5 strains are used. In certain embodiments, one or more Priestia
microbes comprise a first microbe of a first Priestio strain. In centain embodiments, one or more
Priestia microbes comprise a second microbe of a second Priestia strain, different from the first
stram. In certain embodunents, microbes of Priestia strains comprise microbes of Priestia
aryabhatiad, sach as Priestia aryabhatiar designation DATHO451 | Priestia aryabhatiai

35 designation QATHO1331 , Priestia arvabhattcd designation QATHO1341, Priestia arvabhatiai
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designation ODATHO1841, and/or Priestia aryabhatici designation OATHO1551 Alternatively or
additionally, 1n certain embodiments, microbes of Priestia strains comprise microbes of Priestia
megaterium such as Priestia megaterium designation OATHOISRL. 165 rRNA sequences and
ATCC Deposit numbers including each strain are as shown in Table ZA. In certain
5  cmbodiments, microbe or microbes of Priestia strams have a 165 rRNA gene nucleotide
sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55 identity, or 100%,
such as at least 95%, preferably at least 96%, more preferably at least 97%, even more preferably
at least 98%, still more preferably at least 99%, yet still more preferably at least 99.5% identity to
one or more sequences for cach strain as designated in Table 2A to one or more sequences for
10 each strain as designated in Table 2A.
[0095] In embodiments including microbes of one or more Pristimantibacilius strains, any
suitable strain{s) of Pristimaniibacillus may be used. In certain embodiments, cells (microbes) of
atleast 1, 2, 3, or 4 and/or not more than 2, 3, 4, or § strains are used. In certain embodiments,

onte or more Pristimantibacillus microbes comprise a first microbe of a first Pristimantibacillus
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strain, In certain embodiments, one or more Pristimantibaciiius microbes comprise a second
microbe of a second Pristimantibacillus strain, different from the first sirain. In certamn
embodiments, microbes of Pristimantibacillus stramns comprise microbes of Pristimantibacillus
strain designation QATHO1272 . 165 rRNA sequences and ATCC Deposit numbers including
cach strain arc as shown in Table 2A. In certain embodiments, microbe or microbes of
20 Pristimansibacillus strains have a 165 rRNA gene nucleotide sequence or sequences with at least
80, 85, 90, 95, 96, 97, 98, 99, or 99.55 identity, or 100%, such as at least 95%, preferably at least
96%, more preferably at least 97%. even more preferably at least 98%, still more preferably at
least 99%, vet still more preferably at least 99.5% identity to one or more sequences for cach
strain as designated in Table 2A to one or more sequences for each strain as designated in Table
25 2A
[8095] In embodiments including microbes of one or more Stenctrophomonas strains, any
suttable stram({s) of Stencirophomonas way be used. In certain embodiments, cells {(microbes) of
atleast 1, 2, 3, or 4 and/or not more than 2, 3, 4, or 5 strains are used. In certain embodiments,
one or more Stenoirophomionas microbes comprise a first microbe of a first Stenofrophomonas
30 stram. In certain erobodiments, one or more Stenotropfiomonas nucrobes comprise a second
microbe of a second Stenotfrophomonas straim, different from the fivst strain. In cortan
embodiments, microbes of Stenofrophomonas strains comprise microbes of Stenotrophomonas
geniculata, sach as Sterotrophomonas geniculato designation OATHOLI81 . 165 fRNA
sequences and ATCC Deposit numbers including each strain are as shown in Table 2A. In

35 certain embodiments, microbe or microbes of Stenofrophomenas strains have a 168 rRNA gene
T
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nucleotide sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99,55 identity, or
160%, such as at least 95%, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, still more preferably at least 99%, vet still more preferably at feast
99.5% identity to one or more sequences for each sirain as designated in Table ZA.

{0097] Inn embodiments including microbes of one or more Zhifienglinella strains, any
suttable stram({s) of Zhifiengliuella may be used. In cortain embodiments, cells (microbes) of at
feast 1, 2, 3, or 4 and/or not more than 2, 3, 4, or 5 strans are used. In certain embodiments, one
or more Zhihenglivella microbes comprise a first microbe of a first Zhisienglinella strain. In
certain embodiments, one or more Zhihengliuella microbes comprise a second microbe of a
sccond Zhihenglinella strain, different from the first strain. In certaimn embodiments, microbes of
Zhihenglivella strains comprise microbes of Zhihenglivella sp031178195, such as Zhihenglivella
spl31178195 designation QATHOI701 . 168 fRNA sequences and ATCC Deposit numbers
mncluding cach strain are as shown in Table 2A. In certain embodiments, nucrobe or microbes of
Zhthenglinello strains have 3 168 rfRNA gene nuclectide sequonce or sequences with at least 80,
#5, 90, 95, 96, 97, 98, 99, or 99.55 identity, or 100%, such as at least 95%, preferably at least
6%, more preferably at least 97%, even more preferably at least 98%, still more preferably at
least 99%, vet still more preferably at least 99.5% identity to one or more sequences for cach
strain as designated in Table 2A to one or more sequences for cach strain as designated in Table
2A.

{0098} In embodiments including microbes of one or more Stufzerimonas strains, any
suitable \fmm(%} of Stutzerimonas may be used. In certain embodiments, cells (microbes) of at
least 1, 2. 3, or 4 and/or not more than 2, 3, 4, or 3 strains are used. In certain embodiments, one
or raote Stutzerimonas maicrobes comprise a first microbe of a furst Sturzerimonas strain. Io
certain embodiments, one or more Stutzerimonas microbes comprise a second microbe of a
second Stutzerimonas strain, different from the first siraim. In certain embodiments, microbes of
Sturzerimonas strains comprise microbes of Stutzerimonas siutzeri Al such as Stutzerimonas
stutzeri Al designation QATHOI791 . In certain embodiments, microbe or microbes of
Sturzerimonas strains have a 165 rRNA gene nucleotide sequence or sequences with at least 80,
83,90, 93, 96, 97, 98, 99, or 99.55 identity, or 100%, such as at least 95%, preferably at least
6%, more preferably at least 97%, even more preferably at least 98%, still more preferably at
least 999%, vet still more preferably at least 99.5% identity to one or more sequences for cach
strain as designated inn Table 2A to one or more sequences for each strain as designated in Table
[3099] In embodiments inchiding microbes of one or more Tervimonas strains, any suitable
strain{s) of Terrimonas may be used. In certain embodiments, cells (microbes) of atfeast 1, 2, 3
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or 4 and/or not more than 2, 3, 4, or 3 strains are used. In certain embodiments, one or more
Terrimonas microbes comprise a first microbe of a fust Terrimonas strain. In certain
embodumnents, onc or more Ferrimonas microbes comprise a second microbe of a second
Terrimenas straim, different from the first strain. In certain embodiments, microbes of
s strains comprise microbes of Terrimonas designation CATHOI821 . In certain
embodiments, microbe or microbes of Terrimonas straing have a 168 tRNA gene nucleotide
sequence or sequences with at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.55 identity, or 100%,
such as at least 95%, preferably at least 96%, more preferably at least 97%, even more preferably
at least 98%, still more preferably at least 99%, vet still more preferably at least 99.5% identity to
10 one or more sequences for each strain as designated in Table 2A 1o one or more sequences for
gach strain as designated in Table 2A.
[00100]  In certain embodiments, provided is a composition comprising microbes from the
genera Microbacterium, Rhodococcus, and Streptomyces. Siveptomyces can include one or more

straing of the specics Streplomyces griseoincarnatus, Streptomyees misionensis, Streptomyvees
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murinus, Streptomyces echinatu, Streptomyces bacillari, Streptomyces sennicompaosii, Strepromyces
charireusis, Strepiomyces globosus, Streptomyces achromogenes, and/or Streptomyces euryvthermus.
Microbacterinm can mclude one or more strains of the species Microbacierium paraoxydans .
Rhodecoceus can include one or more strains of the species Rhodococeus erythropolis. The
composition can comprise one or more of the bacleria of Table 33, Example 36, The composition may

20 further comprise one or more microbes of the genera Microbacterium, such as Microbacterium
spl02979655, for example OATHO0493 comprising a 165 rRNA sequence of SEQ 1D No. 374,
The composition may further comprise Sirepromyces grisecincarnaius OATHO09Z1 comprising
a 168 rRNA sequence of SEQ 1) No. 398, The composition may further comprise one or more
microbes of the genera Bacillus, Brevibacillus, Lysinibacillus, andfor Paenibaciilus. Exemplary

25 species inclade but are not limited to Bacilius velezensis, Brevibaciilus panacilmmii,
Lysinibacillus sphaericus, and Paenibacillus cellulositrophicus. In certain embodiments the
composition comprises one or more fungi, such as one or more of the fungt disclosed herein.
[00101]  In certain embodiments, provided is a composition comprising microbes from the
eenera Lysinibacilius, Microbacterium, Rhodococcus, and Strepromyces. Streptomyces can

30 include one or more strains of the species Strepromyces griseoincarnatus, Strepronyces
griseoaurantiocus, Strepromyces vochei, Streptomyces bikiniensis, Strepromyces misionensis,
Streplomyces murinus, Streptomyees hacillari, Strepiomyces sennicomposti, and/or Streptomyces
achromogenes. Lysinibacillus can include one or more strams of the species Lysinibacillus
sphaericus. Microbacterium can include one or more strains of the species Microbacterinm

38 paraoxydans. Rhodococcns can include one or more strains of the species Rhodococeous
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eryihropolis. The composition can comprise one or more of the bactenia of Table 34, Example
37. The composition may further comprise one or more microbes of the genera Microbacterium,
such as Microbacterfum sp002979635, for exarmaple OATHO0493 comprising a 165 rfRNA
sequence of SEQ ID No. 374, The composition may further comprise Sireplomyces
griseoincarnatus OATHO09Z1 comprising a 168 (RNA sequence of SEQ ID No. 398 and/or
Strepomyces grisoincarnatus OATH00412 comprising a 168 fRNA sequence comprising SEQ
ID NOs. 367, 368, and 369. The composition may further comprise one or more microbes of the
genera Aneurinibacillus, Bacillus, Brevibacillus, and/or Paenibacillus. Exemplary species

include but are not limited to Aneurinibacillus aneurinilyticus, Bacillus haynesii, Bacillus

7,

licheniformis, Bacillus velezensis, Brevibacillus panacibumi, Lysinibacillus capsici, and
Paenibacillus cellulositrophicus. In certain embodiments the composition comprises one or
more fungi, such as one or more of the fungi disclosed herein.

{00162]  In cortain embodmments, provided is a composition comprising nucrobes from the
eenera Lysinibacillus, Microbacterium, Rhodococcus, and Streplomyces. Streptomyees can
inchude one or more strains of the species Strepfomyces misionensis, Streptomyces baciflari,
Streptomyces achromogenes, and/or Streptomyces globosus,. Lysinibacillus can include one or
more strains of the species Lvsinibacillus sphicericus. Microbacrerinam can melude one or more
strains of the species Microbacterium paraoxydans . Rhodococcus can include one or more
strains of the species Rhodococcus ervihropolis. The composition can comprise one or more of
the bactenia of Table 37, Example 40. The composition may further comprise one or more
microbes of the genera Microbacterium, such as Microbacterium spB02979655, for example
OATHO0493 comprising a 165 rRNA sequence of SEQ 1D No. 374, The composition may
further comprise one or more microbes of the genera dreurnibaciilus, Bacillus, Brevibacillus,
and/or Paenibacillus. Exemplary species include but are not limited to Anewrinibacillus
aneurinilyticus, Bacillus havnesit, Bacitlus licheniformis, Bacillus velezensis, Brevibaciilus
panacihumi, Lysinibacillus capsici, Paenibacilius cellulositrophicus. To certain embodiments the
composition comprises one or more fungi, such as one or more of the fungt disclosed herein.
{00103]  In certain embodiments, provided is a composition comprising microbes from the
eenera Bacilius, Lysinibacilius, Rhodococcus, and Strepromyees. Streptomyces can include one
or more strains of the species Strepromyces misionensis, Streptomyces bacillari, Streptonyces
achromogenes, Streptomyces globosus, Streptomyces antibioticus, Strepromyces bikiniensis,
Streptomyces chartreusis Streptomyces echinatu, Streptomyces grisecaurantiocus, Strepromiyces
murinus, Streptomyees musisoli, Streptonvees olivaceus, Streptomyces sennicomposti, and/or
Streptomyees toxytricini. Bacillus can tnclude one or more strains of the species Bacillus velizensis,

Lwsinibacillus can mclade one or more strains of the species Lysinibacillus sphaericus.
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Rhodococcus can include one or more strains of the species Rhodococcus erythropolis. The
composttion can comprise one or more of the bactena of Table 38, Example 41, The
composition may further coraprise one or more microbes of the genera Microbacterium, such as
Microbacterium spl02979655, for example OATHO0493 comprising a 168 rRNA sequence of
SEQ ID No. 374, The composition may further comprise Strepiomyces griseoincarnatus
OATHO0412 comprising a 165 tRNA sequence comprising SEQ 1D NQGs. 367, 368, and 369.
The composition may further comprise one or more microbes of the genera Aneurinibaciilus
Brevibacillus, Microbacterium, andfor Paenibaciilus. Exemplary species include but are not
lunited to Aneurinibacilius aneurinilyiicus, Bacillus haynesii, Bocillus licheniformis,
Brevibacillus panacibumi, Lysinibacillus capsici, Microbacterium azadivachiae, Microbacterium
oxydans, Paenibacitius cellulositrophicus, Paenibacillus thailandensis, Streptomyces
eurythermus, and Sirepiomyces griseostraminens. In certain embodiments the composition
comprises one or more fungl, such as one or more of the fungi disclosed hercin
{00104] In certain embodiments, provided is a composition comprising microbes from the
genera Lysinibacillus, Microbacterinm, Rhodococcus, and Streptomyces. Streptomyces can
include one or more strains of the species Strepromyces achromogenes, Streptomyces baciliari,
Streptomyces globosus, Streptomyces misionensis, andfor Strepromvces rochei. Lysinibaciilus
can inchude one or more strains of the species Lysinibacilius sphaericus. Rhodococcus can
include one or more strains of the species Rhodococcus erythropolis. Microbacterium can
mclude one or more strains of the species Microbacterium paraoxydans. The composition can
comprise one or more of the bacteria of Table 40, Example 43, The composttion may further
comprise one or more microbes of the genera Baciflus, Paenibacillus, Pisolithus, Rhizopogon,
and/or Scleroderma. Exemplary species include but are not limited to Bacillus haynesii, Bacillus
licheniformis, Bacillus velezensis, Paenibacillus ceflulositrophicus, Pisolithus tinciorius,
Rhizopogon futeolus, and Scleroderma citrinum. In certain embodiments the composition
comprises one or more fungt, such as one or more of the fungi disclosed herein, for example,
ectomyveorrhizal fungi such as one or more of ectomvcorrhizal fungt of one more genera of
Aspergillus, Chaetomium, Coniothyrium, Paecilomyces, Penicillium, Phiebia, Rhizopogon,
Scleroderma, Leconicillium, and/or Sebacing, as descubed further herein.
{00105]  In certain embodiments, provided is a composition comprising microbes from the
gencra Microbacterium, Rhodococcus, and Streptomyees. Microbacterium can include one or
more strains of the species Microbacterium paracxydans. Rhodococeus can include one or more
stramns of the species Rhodococcus ervthropolis. Streptomyces can include one or more strains of
the species Strepromyces achromogenes, Streptomyces bacillari, Strepiomyces bikiniensis
Streptomyces globosus, Streptomyces grisesincarnatus, Streptomyces misionensis, Streptomyces
7
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murinus, andior Sireplomyces rochei. The composition can comprise one or more of the bacteria
of Table 41, Example 44. The composition may further comprise one or more microbes of the
gencra Microbacterium, such as Microbacrerium spU02979655, for example QATHO0493
comprising a 165 rRNA sequence of SEQ ID No. 374, In certain embodiments the composition
comprises onc or more fungi, such as one or more of the fungi disclosed herein, for example,
ectomycorrhizal fungi such as one or more of ectomyceorrhizal fungt of one more genera of
Aspergillus, Chaetomium, Coniothyrium, Paecilomyces, Penicillium, Phiebia, Rhizopogon,
Scleroderma, Lecanicillium, andfor Sebacing, as descubed further herein.

{08106] In certain embodiments, provided is a composition comprising microbes from the
genera Bacillus, Lysinibacilius, Microbacterium, Neovhizobium, Peribacillus, Priestia,
Pseudomonas, Rhodococcus, and Streptomyees. Streptomyces can include one or more strains of
the species Strepromyces nigrescens, Streptomivees nigra, Sireptomyces bobili, Sireptomyces
albogriseolus, Streptomyees globasus, Streptomyces grisevincarnatus, Streptomyces
griseoqurantiacus, Streptomyces rochei, Streptomyees bikindensis, Streptomyvees misionensis,
Strepromyees murinus, Streptomyces baciflari, Streptomyvces senmicomposti, and/or Streptomyces
achromogenes. Bacilfus can include one or more strains of the species Bacillus spizizenii and/or
Bacillus paraticheniformis Lysinibociflus can inchude one or more strains of the species
Lysinibaciiius sphaericus Microbacterium can mclude one or more strans of the species
Microbacterim paracxydans Neorhizobium can mclude one or more strains of the species
Neorhizobium flovum. Peribacillus can include one or more strains of the species Peribaciiius
frigoritolerans_4. Priestia can include one or more strans of the species Priestia aryabhattal
FPseudomonas can mclade one or more strains of the species Psewdomonas paracanis
Rhodococcus can include one or more sirains of the species Rhodococcus erythropolis. The
composition can comprise one or more of the bacteria of Table 35, Example 38. The composition
may further comprise one or more microbes of the gencra Anewrinibacillus, Brevibaciiius,
Glomus, Paenibaciilus, Pisolithus, and/or Rhizopogon. Exemplary species include but are not
hmuted to Anenrinibacillus aneurinilvticus, Bacillus haymesii, Bacillus Ticheniformis, Bacillus
velezensis, Brevibacillus panacihumi, Glomus aggregatum, Glomus etunicatum, Glomus
intraradices, Glomus mosseae, Lysinibacillus capsici, Neorhizobium flavum, Paenibaciflus
cellulositrophicus, Paenibacillus thailandensis, Peribacillus frigovitolerans, Pisolithus
tinciorius, Priestia aryabhatiai, Priestia megaterivm, Rhizopogon amylopogon, Rhizopogon
Sfulvigleba, Rhizopogon huteolus, Rhizopogon vilfosullus, and Sireptomyces nigrescens. In certam
emboduments the composition comprises one or more fungi, such as one or more of the fungt

disclosed herein.
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{00187] In certain embodiments, provided is a composition comprising microbes from the
gencra Aneurinibacillus, Microbacterium, Pseudomonas, Rhodococcus, and Strepromyces.
Aneurinibacilius can coroprise one or more strains of the species drneurinibacilius
aneurinilyticus. Microbacterinm can comprise one or more strains of the species
Microbacterium paraoxydans. Pseudomonas can comprise one of more strains of the species
FPseudomonas paracanis. Rhodococcus can comprise one or more strains of the species
Rhodococcus ervihropolis. Streptonivces can coraprise one or more strains of the species
Streptomvces achromogenes, Streptomyces antibioticus, Sireptomyces bacillari, Streptonyces
bikiniensis \Streptomyees chavireusis, Streptomyces echinatu, Streptomyces echinatus,
Streptomyees eurythermus, Streptomyces globosus, Streptomyces griseoaurantiacus,
Streptomyces misionensis, Streptomyces murinus, Streptomyces musisoli, Streptomyeces
elivaceus, Streptonyces rochei, Streptomyces sennicomposti, andfor Sireptomyces foxyiricini.
The composition can comprise one or more of the bacteria of Table 42, Exanaple 45, The
composition may further comprise Strepionyces griseoincarnatus GATHO0412 comprising a
168 rRNA sequence comprising SEQ 1D NOs. 367, 368, and 369. The composition may further
comprise one or more microbes of the genera Hacillus, Lysinibacillus, and/or Paenibacillus.
Exemplary species inchude but are not imited to Bacillus licheniformis, Bacillus velezensis,
Lvsinibacillus capsici, Microbacierium oxydans, Paenibacilius cellulositrophicus, Paenibaciiius
thailandensis, Streptomyces eurythermus, and Streptomyces griseostramineus. In cortain
embodiments the composttion comprises one or more fungi, such as one or more of the fungi
disclosed herein. In certain embodiments, pmvided is a composition comprising microbes from
the genera Aneurinibacilius, Bacillus, Microbacterium, Pseudomonas, Rhodococcus, and
Streptomvees. Aneurinibaciilus can comprise one or mare strains of the species Anewrinibacillus
aneurinilyticus. Bacillus can comprise one or more strains of the species Bacillus velizensis.
Microbacterium can comprise one or more strains of the species Microbacterium paraoxydans.
FPseudomonas can comprise one or more strains of the specics Pseudomonas paracanis.
Rhodococcus can comprise one or more strains of the species Rhodococeus ervibiropolis.
Streptfomyees can comprise one or more strains of the species Streplomyces achromogenes,
Streptontvees aniihioticus, Strepromyces bacillari, Streptonmyees bikiniensis, Streptomyces
charireusis, Strepiomyces echinaiu, Streptomyces echinatus, Streptonmyces eurvihermmus,
Streptomyees globosus, Streptomyces grisevaurantiacus, Streptomyces misionensis,
Streptomyces murinus, Streptomyces musisoli, Streptomyces ofivaceus, Streptomyces roche,
Strepiomyces senmicomposti, and/or Streptormyces toxyiviciniThe composition can Comprise one
or more of the bacteria of Table 43, Example 46 The composition may further comprise one or

more microbes of the genera Microbacterium, such as Microbacterium spO02979655, for
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example OATHO0493 comprising a 168 rRNA sequence of SEQ ID No. 374. The composition
may further comprise Strepromiyvees griseoincarnatius QATHO0412 comprising a 165 tfRNA
sequence comprising SEQ 1D NOs. 367, 368, and 369, The compaosition may further comprise
one or more microbes of the genera Brevibacillus, Lvsinibacillus, Microbacterium, andfor
Paenthaciilus. Exemplary species include but are not limited to Areurinibacillus aneurinilyticus,
Bacillus haynesii, Bacillus licheniformis, Bacillus velezensis, Brevibacillus panacihumi,
Lysinibacillus capsici, Lysinibacillus sphaericus, Microbacterium azadivachioe, Microbacierium
oxydans, Paenibacillus cellulositrophicus ., Paenibacillus thailondensis, Strepiomyces
eurvihermus, Streptomyces griseoincarnatus, and Streptomyces griseostramipeus. In cortain
embodiments the composition comprises one or more fungi, such as one or more of the fung:
disclosed herein.
[00108]  In certain embodiments, provided herein is a composition comprising bacteria of the
genus Strepfomyces and bactena of the class Bacilli, e.g., bacteria of one or more of
Aneurinibaciiius, e.g., one or more strains of the species Aneurinibacillus anenriniiyticus;
Bacillus, e.g., one or more strams of the species Bacillus [ endophytica A, Bacitlus haynesii,
Bacillus inagosorum, Bacillus licheniformis, Bacillus pavalicheniformis, Bacillus safensis,
Bacillus spizizenii, Bacillus subtilis, Bacillus A thuringiensis K, and/or Bacillus velizensis,
Brevibacillus, such as one or more strains of the species Brevibacillus panacitiumi;
Lysinibacillys, such as one or more strains of the species Lysinibacillus sphaericus and/or

Lysinibacillus capsica; Paenibacillus, such as one or more strains of the species Paenibacillus
celllositrophicus; Feribacillus, such as one or more stramns of the species Pertbacillus
frigoritolerans A: and/or Pristimaniibacillus. In certain embodiments, the composition
comprises one or more of the Strepromyces specics or strains of the specics as shown in Table 2A
and one or more of the Bacilli genera, species or strains of the species as shown in Table 2A. In
certain embodiments the composition compnses one or more fungi, such as one or more of the
fungi disclosed herein,

[00109]  In certain embodiments, provided is a composition comprising bacteria from one or
more of genera Actirioplanies, Agromyces, Allosphingosinicella, Arthrobacter, Bacillus,
Caldimonas, Cupriavidus, Erythrobacier, Kocuria, Microbispora, Microvirga, Mycetocola,
Neorhizobium, Nocardia, Nocardioides, Nonomuraea, Peribacillus, Priestia, Pseudomonas,
Streptomyees, Stutzevimonas, Terrimonas, and/ov Zhihenglivella, such as one or more of the
strains of Table 44, Example 47. In certain embodiments, one or more or all of these bacteria
may be free-hiving mitrogen-fixing bacteria. In certain emobodiments the composition comprises

one or more fungi, such as one or more of the fumgi disclosed herem.
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{001168]  In certain embodiments, provided herein i 2 COMpPOSItion COMPrising on¢ OF MOIC
bactena from one or more of ATCC deposit numbers PTA-127834-PTA-~127850, as shown in
Table 24, ¢.g., one or more bacteria of ATCC deposit nwber PTA-127834, and/or one or more
bacteria of ATCC deposit number PTA-127835, and/or one or more bacteria of ATCC deposit
5 munber PTA-127836, and/or one or more bacteria of ATCC deposit number PTA-127837, and/or
one or more bacteria of ATCC deposit number PTA-127838, and/or one or more bacteria of
ATCC deposit number PTA-127839, and/or one or more bacteria of ATCC deposit number PTA-
127840, and/or one or more bacteria of ATCC deposit number PTA-127841, and/or one or more
bacteria of ATCC deposit number PTA-127842, and/or one or more bacteria of ATCC deposit
10 mumber PTA-127843, and/or one or more bactenia of ATCC deposit number PTA-127844, and/or
one or more bacteria of ATCC deposit mumber PTA-127845, and/or one or more bacteria of
ATCC deposit number PTA-127846, and/or one or more bacteria of ATCC deposit number PTA-
127847, and/or one or more bactera of ATCC deposit number PTA-127848, and/or one or more

bacteria of ATCC deposit nmumber PTA-127849, and/or one or more bacteria of ATCC deposit
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number PTA-127830. In certain embodiments, the composition comprises one or more bacteria
of the genus Microbacterium from ATCC deposit number PTA-127834 and/or the composition
comprises one or more bacteria of the genus Risdococcus from ATCC deposit number PTA-
127834 and/or the composition comprises ong or more bacteria of the genus Arthirobacter from
ATCC deposit number PTA-127834 and/or the composition comprises one or more bacteria of
20 the genus Aneurinibaciitus from ATCC deposit mumber PTA-127839 and/or the composition
comprises one or more bacteria of the genus Psuedomonas frova ATCC deposit number PTA-
127844 and/or the composition comprises one or more bacteria of the genus Bacillus from ATCC
deposit number PTA~127847 and/or the composition comprises one or more bactera of the
genus Paenibaciitus from ATCC deposit number PTA-127848 and/or the composition comprises
25 one or more bactenia of the genos Pristimantibaciifus from ATCC deposit nomber PTA-127848
and/or the composition comprises one or mors bacteria of the genus Brevibaciflus from ATCC
deposit number PTA-127848 and/or the composition comprises one or more bactena of the
genus Paenibacilius from ATCC deposit nomber PTA-127848 and/or the composition compriscs
one or more bacteria of the Bacillus from ATCC deposit number PTA-127848 and/or the
30 composttion comprises one or more bacteria of the genus Microvirga from ATCC deposit number
PTA-127848 and/or the composition comprises one or more bacteria of the genus Psuedomonas
from ATCC deposit number FTA-127849 and/or the composition comprises one or more bacieria
of the genus Peribaciilus from ATCC deposit number PTA~127849 and/or the composition
comprises one or more bacteria of the genus Zhikenglivella from ATCC deposit number PTA-

35 127849 and/or the composition comprises one or more bacteria of the genus Nonomuraea from
-8~
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ATCC deposit number PTA-127849 and/or the composition comprnises one or more bacteria of
the genus Nocardia from ATCC deposit numaber PTA-127849 and/or the composition comprises
one ot more bacteria of the genus Kocuria frore ATCC deposit swober PTA-127849 and/or the
composition comprises one or more bacteria of the genus Aefinoplanes from ATCC deposit
5 munber PTA-127849 and/or the composition comprises onc or more bacteria of the genus
Microbispora from ATCC deposit number PTA-127849 and/or the composition comprises one or
more bacteria of the genus Mycetocola from ATCC deposit nurnber PTA-127849 and/or the
composition comprises one or more bacteria of the genus Nocardioides from ATCC deposit
number PTA-127849 and/or the composition comprises one or more bacteria of the genus
10 Priestio from ATCC deposit mmmber PTA-127850 and/or the the composition comprises one or
more bacteria of the genus Cupriavidus from ATCC deposit number PTA-127850 and/or the
composition comprises one or more bacteria of the genus Peribacitius from ATCC deposit
nwnber PTA-127850 and/or the compostiion comprises one or more bacteria of the genus
Stutzerimonas from ATCC deposit number PTA-127850 and/or the composition comprises one or

:

more bacteria of the gemus Caldimonas from ATCC deposit number PTA-127850 and/or the
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composiiion comprises one or more bacteria of the genus Terrimonas from ATCC depostt number
PTA-127850 and/or the composition comprises one or more bactena of the genus Neorhizobium
from ATCC deposit number FTA-127850 and/or the composition comprises one or more bacteria
of'the genus Erythrobacter from ATCC deposit number PTA-127850 and/or the composition

20 comprises one or more bacteria of the genus dlesphingosinicelia from ATCC deposit number
PTA-127850 and/or the composition comprises one or more bacteria of the genus Strepfomyces
from ATCC deposit number PTA-127834 and/or the composition comprises one or more bacteria
of the genus Strepromyces from ATCC depostt number PTA-127835 and/or the composition
comprises one or more bacteria of the genus Strepromyces from ATCC deposit namber PTA-

25 127836 and/or the composition comprises one or more bacteria of the genus Strepfomyces from
ATCC deposit number PTA-127837 and/or the composition comprises one or more bacteria of
the genus Strepromyces froma ATCC deposit number PTA-127838 and/or the composition
comprises one or more bacteria of the genus Strepromyces from ATCC deposit number PTA-
127839 and/or the composition comprises one ot more bacteria of the genus Streptomces from

30 ATCC deposit number PTA-127840 and/or the composttion compriscs one or more bacteria of
the genus Strepromyces from ATCC deposit number PTA-127841 and/or the composition
comprises one or more bacteria of the genus Streptomyces from ATCC deposit number PTA-
127842 and/or the composition comprises one or more bacteria of the genus Sirepromyces from
ATCC deposit number PTA-127843 and/or the composition comprises one or more bactena of

35 the genus Strepromyces from ATCC deposit number PTA-127844 and/or the composttion
81~



10

[y
0

WO 2025/097154 PCT/US2024/054441

comprises one or more bacteria of the genus Strepiomyces from ATCC deposit number PTA-
127845 and/or the composttion comprises onc or more bacteria of the genus Strepronces from
ATCC deposit number PTA-127846 and/or the composttion comprises one or more bacteria of
the genus Streptomyces from ATCC deposit number PTA-127849. Details for each bacterial
specics and strains, and associated 168 rRNA sequences and wnigue designations may be found
in Table 24,
[00111]  In certain embodiments, a mixture of motile and non-motile microbes s used, such as
motile and non-motile microbes of the bacteria described herein. The ratio of motile to non-
motile bacteria may be any suitable ratio, such as at feast .01-10, 0.05-10, 0.1-10, 0.2-10, 0.5-
10, 0.7-10, 1-2, -5, or 1-10, 1-10, and/or not more than 0.03-10, $.1-10, 0.2-16, 0.5-10, $.7-10,
1-2, 1-5, or 1-10, 1-10, or 1-20, motile-non-motile bacteria.
Fungi.
{00112)  In cortain embodiments, compostiions provided hercin comprise one or more tungal
microbes. In certain embodiments, compositions provided herein comprise one or more
bacterial microbes and one or more fungal microbes. A composition may comprise a
compostiion comprising bactertal microbes as described above in this section 1B.1 and one or
more fungal microbes, as described below.
[00113]  Any suitable fimgi mayv be used. In certain embodiments, provided is a composition
comprising fingi of one or more of Aspergilius, Chaetomium, Coniothyrium, Paecilomyces,
Penicillium, Phiebia, Rhizopogon, Sclevoderma, Lecanicillium, Sebacina, Alternaria, Beauveria,
Cladiosporium, Cloroideogiomus, Funneliformis, Glowmus, Laccavia, Lecaniciliium,
Metarhizium, Piriformospora, Fisolithus, Rhizophagus, Sevendipita, Talaromyces, Trichoderma,
Mucor, and/or Phanerochaeie genera. In cortain embodiments, provided s a composition
comprising fumgi of one or more of dspergillus, Chaetominm, Coniothyringm, Paecilomyces,
Penicillium, Phiebia, Rhizopogon, Scleroderma, Lecanicillium, Sebacina, Alternaria, Beauveria,
Cladiosporium, Clarcidecglomus, Funneliformis, Glomus, Laccaria, Lecanicillium,
Merarhizium, Piriformospora, Pisolithus, Rhizophagus, Serendipita, Talaromyces, and/or
Trichoderma genera. In certain embodiments, provided is a composition comprising fungi of
one or more of Glomus, Riiizopogon, and/or Scleroderma genera, such as Glomus aggregatum,
Glomus erunicatuim, Glomus intradices, Glomaus mosseae, Rhizopogon amylopogon,
Rhizopogon fulvigleba, Rhizopogon luteclus, Riizopogon villosullus, Scleroderma cepa, andior
Scleroderma citrinum.
[00114]  In certain embodiments, provides are compositions comprising ectomyeorthizal fungi.
In certain ermnbodiments, provided 1s a composition comprising ectomyeorrhizal fungi of at least
1,2,3.4,5,6,7,8 9 or 10 and/or not more than 2, 3, 4. 5,6, 7. 8,9, 10, 12, or 1§ different
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genera, preferably 1-135, more preferably 1-10, even more preferably 1-9, vet more preferably 1-8
different genera. In certain embodiments, a composition comprises ectomycorrthizal fungi of one
more genera of dspergillus, Chaetomium, Coniothyrium, Paecilomyces, Penicillium, Phlebia,
Rhizopogon, Scleroderma, Lecanicillium, and/or Sebacing. The composition may further
comprise bacteria, such as one or more of the bacteria described herein, ¢.g., Streptomyees

and/or one or more genera comprising Psendomonas, Microvirga, Paenibacillus, Rhodococeus,

¥

Lysinibaciilis, Actinoplanes, Agromyces, Allospiingosinicella, Aneurinibacillus, drthrobacter,
Bacillus, Brevibacillus, Caldimonas, Cupriavidus, Erythrobacier, Kocuria, Microbacierium,
Microbispora, Mycetocola A, Neovhizobium, Nocardia, Nocardioides, Nonomuraea,
Peribaciflus, Priestia, Pristimantibacillus, Stenwtrophomonas, Stutzerimonas, Terrimonas,
and/or Zhihenglivelln. A composition may further comprise bacteria, such as a combinations of
bacteria are as described above in this section LB L

{00118]  Additionally or alternatively, a composition may comprse endomveorthizal fungt. In
certain embodiments, provided is a composition comprising endomycorrhizal fungi of af least 1,
2,3,4,56,7. 89 10,12, or 1S and/ornot morc than 2,3, 4,5,6,7, 8,9, 10, 12, 15, 17, or 20
different genera, preferably 1-20, more preferably 1-17, even more preferably 1-13, vet more
preferably 2-15 different genera. In certain embodiments, a composttion comprises
cctomycorrhizal fungi of one more genera of Alternaria, Beauveria, Cladiosporinm,
Claroideogiomus, Funneliformis, Glomus, Laccarvia, Lecanicillium, Metarhizium,
Piviformospora, Pisolithus, Rhizophagus, Sevendipita, Talaromyces, and/or Trichoderma. The
composition may further comprise bacteria, such as one or more of the bacteria descnibed herem,
e.g., Streptomyees and/or one or mote genera comprising Psendomonas, Microvirga,
Paenibacillus, Rhodococeus, Lysinibacillis, Actinoplanes, Agromyces, Allosphingosinicella,
Aneurinibacillus, Arthrobacter, Bacillus, Brevibacillus, Caldimonas, Cupriavidus, Ervihrobacter,

Kocuria, Microbacterium, Microbispora, Mycetocola A, Neorhizobium, Nocardia,

Nocardioides, Nonomuraea, Peribacillus, Priestia, Pristimantibacillus, Stenotrophomonas,
Stutzerimonas, Terrimonas, and/or Zhihenglivella. A composttion may further comprise bacteria,
such as a combinations of bacteria are as described above in this section LB .1

{00116]  In compositions comprising fungi of the genus Aspergiflus, any suttable species may
be used. In certain crabodiments, a composition coraprises fungt of atleast 1, 2, 3, 4, or 5 and/or
not more than 2, 3, 4, 5, or 6, preferably [-6, more preferably 1-4, still more preferably §-3, suc
as 1. or 2. different species of Aspergiffus. In certain embodiments, a composition comprises
Aspergillus flavus andlor Adspergillus niger.

{00117)  In compositions comprising fungi of the genus Chaefomium, any suitable species may

be used. In certain embodiments, a composition comprises fungt of at least 1, 2, 3, 4, or S and/or
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not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably 1-4, still more preferably 1-3, such
as 1, or 2, different species of Chaefomium,

[00118]  In compostiions comprising fungi of the genus Copiothyrinm, any suitable spocics
may be used. In certain embodiments, a composition comprises fungi of atleast 1,2, 3, 4, or 5
and/or not more than 2. 3, 4, 3, or 6, preferably 1-6, more preferably i-4, still more preferably I-
3, such as 1, or 2, different species of Coniofhyrivm. In cortain embodiments, a composition
comprises Conrothyrium minitans.

{08119] In compositions comprising fangt of the genus Lecawiciflium, any suitable species
may be used. In certain embodiments, a composition comprises fungi of atleast 1,2, 3,4, or 8
and/or not more than 2, 3, 4, 3, or 6, preferably 1-6, more preferably 1-4, still more preferably i~
3, such as 1, or 2, different species of Lecanicillium.

[00128] In compositions comprising fungt of the genus Paecilomyces, any suitable species
may be used. In certain embodiments, a compostiton comprises fungiofatleast 1,2, 3,4, 0or 5

1

and/or not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably 1-4, still more preferably 1-
3,sachas 1, or 2, different specics of Paecilomyees. In certain embodiments, a composition

comprises Faecilomyces filacinus.

[00121]  In compostiions comprising fungi of the genus Penicillium, anvy suttable species may
be used. In certamn embodiments, a composition comprises fungt of at least 1, 2, 3, 4, or 5 and/or
not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably -4, still more preferably 1-3, such
as 1, or 2, different species of Penicillium. In cortain embodiments, a composition comprises
Pernicillium bilaiae, Penicillium bilaii, and/or Penicillium oxalicum.

{00122] In compositions comprising fungi of the genus Phiebia, any suitable species may be
used. In certain embodiments, a composition comprises fungi of at least 1, 2, 3, 4, or 5 and/or
not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably 1-4, still more preferably 1-3, such
as 1, or 2, different species of Phiebia. In certain embodiments, a composition comprises
Phiebia gigantea.

[00123]  In compositions comprising fungt of the genus Rhaizopogon, any suitable species may
be used. In certaim embodiments, a composition comprises fungi of at least 1, 2, 3, 4, or S and/or
not more than 2, 3, 4, 3, or 6, preferably -6, more preferably 1-4, still more preferably §-3, such
as 1, or 2, different specics of Riizopogon. In cortain embodiments, a composition comprises
Rhizopogon amylopogon, Rhizopogon fulvigleba, Rhizopogon luteolus, andlor Rhizopogon
villosullus.

{00124]  In compositions comprising fungt of the gevus Scleroderma, any suitable species may
be used. In cerfain embodiments, a composifion comprises fungi of at least 1, 2, 3, 4, or S and/or

not more than 2, 3, 4, 3, or 6, preferably 1-6, more preferably 1-4, still more preferably 1-3, such
-84
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as 1, or 2, different species of Scleroderma. o cortain embodiments, a composition comprises
Scleroderma cepa andfor Scleroderma cifrinum.

[00125]  In compostiions comprising fungi of the genus Sebacing, any suitable species mayv be
used. In certain embodiments, a composition comprises fungi of at feast 1, 2, 3, 4, or 5 and/or
not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably -4, still more preferably 1-3, such
as 1, or 2, different species of Sebacing. In cortain embodiments, a composifion comprises
Sebacing vermifera.

{08126] In compositions comprising fungi of the genus Alternaria, any suitable species may
be used. In certain emabodiments, a composition comprises fungt of at least 1, 2, 3, 4, or 5 and/or
not more than 2, 3, 4, 5, or 6, prefembly [-6, more preferably -4, still more preferably §-3, suc
as 1, or 2, different species of Alfernaria. In certain embodiments, a composition comprises
Alternaria alternata.

{00127} In compositions comprising fungt of the genus Beauveria, any suitable species may
be used. In certain embodiments, a composition comprises fungt of at least 1, 2, 3, 4, or § and/or
not more than 2, 3, 4, 3, or 6, preferably 1-6, more preferably 1-4, still more preferably §-3, such
as 1, or 2, different species of Beauveria. In cortain embodiments, a comaposition comprises
Beguveria bassiona.

[00128] In compositions comprising fungi of the genus Cladiosporium, any suttable species

may be used. In certain embodiments, a composition comprises fungiof atfeast 1,2, 3,4, or 3

1 4

and/or not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably 1-4, still more preferably 1-
3, suchas 1, or 2, different species of Cladiosporium. Tn certain embodiments, a composition
comprises Cladiosporium fenuissimum.

[00129]  In compostiions comprising fungi of the genus Claroideoglomus, any suitable specics
may be used. In certain embodiments, a composition comprises fungi of at least 1,2, 3,4, 0r 5
and/or not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably 1-4, still more preferably 1-
3, such as 1, or 2, different species of Clarcidecglomus. In certain embodiments, a composition
comprises Claroideoglomis etunicatum.

{0013¢] In compositions compnising fangt of the genus Funneliformis, any soitable species
may be used. In certain embodiments, a composition comprises fungi of atleast 1,2, 3,4, 0r 3
and/or not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably 1-4, still more preferably 1~
3, suchas 1, or 2, different species of Funnelifornus. In certain embodiments, a composition
comprises Funneliformis mosseqe.

{00131]  In compositions comprising fungt of the genus Glomus, any suttable species may be
used. In certain embodiments, a composition comprises fungi of at least 1, 2, 3, 4, or 5 and/or

not more than 2, 3, 4, 3, or 6, preferably 1-6, more preferably 1-4, still more preferably 1-3, such
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as 1, or 2, different species of Glomus. In certain embodiments, a composition comprises
Glomus aggregatum, Glomus etunicatm, Glomus intraradices, andfor Glomus mosseae.
{00132]  In compostiions comprising fungt of the genus Laccaria, any suitable specics may be
used. In certain embodiments, a composition comprises fungi of at feast 1, 2, 3, 4, or 5 and/or
not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably -4, still more preferably 1-3, such
as 1, or 2, dufferent species of Zaccaria. In certain cmbodunents, a composition comprises
Lacearia laccata.
{08133] In compositions comprising fangt of the genus Lecawiciflium, any suitable species
may be used. In certain embodiments, a composition comprises fungi of atleast 1,2, 3,4, or 8
and/or not more than 2, 3, 4, 3, or 6, preferably 1-6, more preferably 1-4, still more preferably i~
3, such as 1, or 2, different species of Lecanicillium.
[00134] In compositions comprising fungt of the genus Mesarfiizium, any suitable species may
be used. In certain embodiments, a composition comprises fungi of at least 1, 2, 3, 4, or S and/or
not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably 1-4, still more preferably 1-3, such
as I, or 2, different species of Metarfizinm. In cerfain embodiments, a composition comprises
Metarhizium anisopliae .
[00135]  In compostiions comprising fungi of the genus Firiformospora, any switable species
may be used. In certain embodiments, a composition comprises fungiof atleast 1,2, 3,4, 015
and/or not more than 2. 3, 4, 5, or 6, preferably 1-6, more preferably i-4, still more preferably I-
3, suchas 1, or 2, different species of Piriformospora.
[001361  In compositions comprising fungt of the genus Pisolithus, any surtable species may be
used. In certain embodiments, a composition comprises fungi of at least 1, 2, 3, 4, or 5 and/or
not more than 2, 3,4, 5, or 6, preferably §-6, more preferably 1-4, still more preferably -3, such
as 1, or 2, different species of Pisolithus. In certain embodiments, a composition comprises
Pisolithus tinctorius.
{00137} In compositions comprising fungt of the genus Rhizophagus, any suitable species may
be used. In certain emboduments, a composition comprises fungi of at least 1, 2, 3, 4, or S and/or
not more than 2, 3, 4, 5, or 6, preferably -6, more preferably 1-4, still more preferably 1-3, such
as 1, or 2, different species of Rhizophagus. In certain embodiments, a cCOMpPOosition COMpPrises
Rhizophagus infraradices and/or Rhizophagus irvegularis.
[00138]  In composttions comprising fungi of the genus Serendipita, any suttable species may
be used. In certain embodiments, a composition comprises fungt of at least 1, 2. 3, 4, or 5 and/or
not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably 14, still more preferably 1-3, such
as 1, or 2, different species of Serendipitx. In certain embodiments, a composition comprises
Serendipita indica.
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[08139] In compositions compnsing fungt of the genus Taiaromyces, any suitable specics may
be used. In certain crabodiments, a composition coraprises fungt of at least 1, 2, 3, 4, or 5 and/or
not more than 2, 3, 4, 5, or 6, preferably [-6, more preferably 1-4, still more preferably 1-3, such
as 1, or 2, different species of Tolaromyees. In certain embodiments, a composition comprises
5 Talaromyees flavus.
{00140]  In compositions comprising fungt of the genus Trichoderma, any suitable species
may be used. In certain embodiments, a composttion comprises fungiofatleast 1, 2,3, 4, or §
and/or not more than 2, 3, 4. 5, or 6, preferably 1-6, more preferably 1-4, still more preferably 1~
3,suchas 1, or 2, different species of Trichoderma. In certain embodiments, a composition
10 comprises Trichoderma asperellum, Trichoderma atrobrurneum, Trichoderma atroviride,
Trichoderma harzianum, and/or Trichoderma viride.
{00141} In compositions comprising fungt of the genus Phanerochaere, any suitable species
may be used. In certain embodiments, a compostiton comprises fungiofatleast 1,2, 3,4, 0or 5

and/or not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably 1-4, still more preferably 1-
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3,suchas 1, or 2, different species of Phanerochaete. In cerfain embodiments, a compostion
comprises Phanerochaete chrysosporium,
[06142]  In compostiions comprising fungi of the genus Mucor, any suitable species may be
used. In certain embodiments, a composition comprises fungi of at feast 1, 2, 3, 4, or 5 and/or
not more than 2, 3, 4, 5, or 6, preferably 1-6, more preferably -4, still more preferably 1-3, such
20 as 1, or2, different species of Mucor.
[00143]  In certain embodiments, composttions and/or methods include one or more microbes
deposited as ATCC Nos. PTA-127367 to PTA-127411, also referred to as one or more microbes
of Diesignation 1-43, respectively, as shown in Table 2, and/or one or more nucrobes of deposits
designation OATH-1 to OATH-140. Dieposits may be referred to herein by ATCC mumber, by
25 mumerical designation {e.g.. ATCC-1, corresponding to Designation 1, PTA-127367, etc}.
Unless indicated otherwise, a composition said to comprises an ATCC or OATH designation,
wncludes one or mare microbes of the ATCC or OATH deposit, and progeny and/or mutants
thereof. Any suitable combination of the one or more microbes deposited as ATCC Noa. PTA-
127367 to PTA-127411, also referred to as Designation 1-43, respectively, as shown in Table 2,
30 may be used. In certain embodiments, the composition one or more microbes of Designation |
{(ATCC No. PTA-127367) and/or one or more microbes of Designation 2 {ATCC No. PTA-
127368} and/or one or more microbes of Designation 3 {(ATCC No. PTA-127369) and/or one or
more nucrobes of Designation 4 (ATCC No. PTA-127370) and/or one or more microbes of
Designation 5 (ATCC No. PTA-127371) and/or one or more microbes of Diesignation 6 {ATCC

35 No. PTA-127372} and/or one or more nucrebes of Designation 7 {ATCC No. PTA-127373)
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and/or one or more microbes of Designation 8 {ATCC No. PTA-127374) and/or one or more
microbes of Designation 9 (ATCC No. PTA-127375) and/or one or more microbes of
Designation 10 (ATCC No. PTA-127376) and/or one or more nucrobes of Designation 11
{ATCC No. PTA-127377) and/or one or more microbes of Designation 12 {ATCC No. PTA-
127378} and/or one or more microbes of Designation 13 (ATCC No. PTA-127379) and/or ong or
more microbes of Designation 14 (ATCC No. PTA-127380) and/or one or more microbes of
Designation 15 (ATCC No. PTA-127381) and/or one or more microbes of Designation 16
{ATCC No. PTA-127382) and/or one or more microbes of Designation 17 (ATCC No. FTA-
127383} and/or one or more microbes of Designation 18 (ATCC No. PTA-127384) and/or one or
more microbes of Designation 19 (ATCC No. PTA-127385) and/or one or more microbes of
Designation 20 (ATCC No. PTA-127386) and/or one or more microbes of Designation 21
(ATCC No. PTA-127387) and/or one or more microbes of Designation 22 {ATCC No. PTA-
127388} and/or one or more microbes of Designation 23 (ATCC No. PTA-127389) and/or one or
more microbes of Designation 24 {ATCC No. PTA-127390) and/or one or more microbes of
Designation 25 (ATCC No. PTA-127391} and/or one or more microbes of Designation 26
{(ATCC No. PTA-127392) and/or one or more microbes of Designation 27 (ATCC No. FTA-
127393} and/or one or more microbes of Designation 28 (ATCC No. PTA~127394) and/or one or
more microbes of Designation 29 (ATCC No. PTA-127395) and/or one or more microbes of
Designation 30 {ATCC No. PTA-127396) and/or one or more microhes of Designation 31
{ATCC No. PTA-127397) and/or one or more microbes of Designation 32 (ATCC MNo. PTA-
127398} and/or one or more microbes of Designation 33 (ATCC No. PTA-127399) and/or one or
more microbes of Designation 34 {ATCC No. PTA-127400) and/or one or more microbes of
Designation 35 (ATCC No. PTA-127401} and/or one or more nucrobes of Designation 36
{ATCC No. PTA-127402) and/or one or more microbes of Designation 37 (ATCC No. PTA-
127403} and/or one or more microbes of Designation 38 (ATCC No. PTA-127404} and/or one or
more microbes of Designation 39 (ATCC No. PTA-127405) and/or one or more microbes of
Designation 40 (ATCC No. PTA-127406) and/or one or more microbes of Designation 41
{(ATCC No. PTA-127407) and/or one or more microbes of Designation 42 (ATCC No. PTA-
127408} and/or one or more microbes of Designation 43 (ATCC No. PTA-127409) and/or one or
more microbes of Designation 44 (ATCC No. PTA-127410) and/or one or raore microbes of
Designation 43 (ATCC No. PTA-12741 1} In certaim embodiments, a composition can inchude
one or more microbes from one or more microbes of Designation 46 {ATCC No. PTA-127412),
also designated mndividually as 0-46 1o 0-140 herein. In certain embodiments, the composition
comprises one or more microbes of Designation (-46 and/or one or more microbes of

Designation 8-47 and/or one or more microbes of Designation 3-48 and/or one or more
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microbes of Designation 0-49 and/or one or more microbes of Designation (-530 and/or one or
more microbes of Designation 0-51 and/or one or mare nicrobes of Designation O-32 and/or
one or more microbes of Designation 0-33 and/or one or more microbes of Designation 0-54
and/or one or more microbes of Designation 3-35 and/or one or more microbes of Designation
0-536 and/or one or more microbes of Designation U-37 and/or one or more microbes of
Designation O-58 and/or one or more nuicrobes of Designation 0-59 and/or one or more
niicrobes of Designation 0-60 and/or one or more microbes of Designation (-6 and/or one or
more microbes of Designation 0-62 and/or one or more microbes of Designation 0-63 and/or
one or more microbes of Designation 0-64 and/or one or more nucrobes of Designation 0-63
and/or one or more microbes of Designation (-66 and/or one or more microbes of Designation
00-67 and/or one or more microbes of Designation (3-68 and/or one or more microbes of
Destgnation O-69 and/or one or more microbes of Designation (-70 and/or one or more
nucrobes of Designation O-~71 and/or one or more microbes of Designation 0-72 and/or one or
more microbes of Designation 8-73 and/or one or more microbes of Designation O-74 and/or
one or more microbes of Designation (-75 and/or one or more microbes of Designation (3-76
and/or one or more microbes of Designation O-77 and/or one or more microbes of Designation
0-78 and/or one or more microbes of Designation (3-79 and/or one or more mictobes of
Besignation O-80 and/or one or more microbes of Designation (3-81 and/or one or more
microbes of Designation 0-82 and/or one or more microbes of Designation 0-83 and/or one or
more microbes of Designation 0-84 and/or one or more microbes of Designation G-85 and/or
one or more microbes of Designation (-86 and/or one or more microbes of Designation (0-87
and/or one or more microbes of Designation O-88 and/or one or more microbes of Designation
-89 and/or one or more microbes of Designation 0-90 and/or one or more micobes of
Designation O-91 and/or one or more microbes of Designation (3-92 and/or one or more
microbes of Designation 0-93 and/or one or more microbes of Designation 8-94 and/or one or
more nicrobes of Designation 0-95 and/or one or more microbes of Diesignation 0-96 and/or
one or more microbes of Designation 0-97 and/or one or more microbes of Designation (3-98
and/or one or more microbes of Designation 0-99 and/or one or more microbes of Designation
(-100 and/or one or more microbes of Designation 0-101 and/or one or more microbes of
Designation O-102 and/or one or more microbes of Diesignation (-103 and/or one or more
microbes of Designation 0-104 and/or one or more microbes of Designation O-105 and/or one or
more microbes of Designation O-106 and/or one or more microbes of Designation 0-107 and/or
one or more microbes of Designation O-108 and/or one or more microbes of Designation G-109
and/or one or more nucrobes of Designation O-110 and/or one or more microbes of Designation

(-111 and/or one or more microbes of Designation 0-112 and/or one or morse microbes of
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Designation 0-113 and/or one or more microbes of Designation O-114 and/or one or more
microbes of Desigoation O-115 and/or one or more microbes of Designation O-116 and/or one or
more microbes of Designation O-117 and/or one or more microbes of Designation 0-118 and/or
one or more microbes of Designation 3-119 and/or one or more microbes of Designation G-120
and/or one or more microbes of Designation 0-121 and/or one or more microbes of Designation
(0-122 and/or one or more nucrobes of Designation 0-123 and/or one or more microbes of
Designation O~124 and/or one or more microbes of Designation 0-125 and/or one or more
microbes of Designation O-126 and/or one or more microbes of Designation 0-127 and/or one or
more microbes of Designation 0-128 and/or one or more microbes of Designation (-129 and/or
one or more microbes of Designation 0-130 and/or one or more microbes of Designation G-131
and/or one or more microbes of Designation 0-132 and/or one or more mierobes of Designation
0-133 and/or one or more microbes of Designation (-134 and/or onte or more microbes of
Designation O-135 and/or one or more microbes of Designation 0-136 and/or one or more
mierobes of Besignation 0-137 and/or one or more microbes of Designation 8-138 and/or one or
more microbes of Designation 0-139 and/or one or more microbes of Designation (0-140. In
certain embodiments, a composition comprises at least 5, 10, 15, 20, 23, 30, 35, or 40 of one or
more microbes of Designations 1-43 (ATCC Nos. PTA-127367 to PTA~127411} and/or not more
than 3, 10, 13, 20, 25, 30, 33, or 40 of one or more microbes of Designations 1-45 (ATCC Nos.
PTA-127367 to PTA-127411), preferably 3-45 more preferably 10-45, even more preferably 20-
43, yvet more preferably 33-45. In certain embodiments, a composition comprises at least 5, 10,
13,20, 23, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 60, 95, 100, 103, 110, 115, 120, 125,
130, or 135 different microbes and/or not more than 10, 15, 20, 25, 30, 35, 40, 45, 50, 533, 60, 63,
70,75, 80, 85, 90, 93,100, 105, 110, 115, 120, 125, 130, 135 or 140 of one or more microbes of
Designations 1-45 (ATCC Nos. PTA-127367 to PTA-127411) and/or one or more microbes of
Designation O-46 to §-140, for example at feast 20, in certain cases at least 50, in vet other cases
at feast 7C, or preferably 10-140, more preferably 20-120, even more preferably 40-100, yet more
preferably 30-100,
{08144] In certain embodiments, microbes meluded in a composition herein are biologically
pure. As used herein, a "pure” or “biologically pure” organism or population of organisms, such
as microbe o1 microbtal population, or the like, includes a population of organisius in the abscuce
of other species or types. A "substantially pure culture® mcludes a culture which contains
substantially no other microbes than the desired strain or strains, ¢.g., other microbes may be
present but not m quantitics and/or forms that interfere with the intended use of the culture. A
substantially pure culture includes a culture that s substantially free of other contaminants,
which can include microbial contaminants as well as andesirable chemical contaminants.
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{08145]  In certain embodiments, microbes meluded in a composition herein are isolated. As
used herein, "isolate,” "isolated." "isolated microbe,” “isolated microorganism” and like terms,
include the meaning that the one or more microbes has been separated from at least one of the
materials with which it 1s associated in a particular environment {for example sotl, water, plant
5 tssue). Thus, an "isolated nucrobe” does not exist in its naterally occurring environment; rather,
the microbe has been removed from its natural setting and placed into a non-naturally occurring
state of existence.
[00146]  In certain embodiments, microbes of a composition or method are heterologous to
cach other, and/or heterologous to a soil, plant, plant part, seed, seedling, plant propagule, or
10 other substance m association with the microbes; in certain embodiments at feast 2. 3,4, 5.6, 7,
8,9, 10, 12, 153, 17, 20, 30, 40, 50, 60, 70, 80, 90 or 100 and/or not more than 3,4, 5, 6,7, 8,9,
10, 12, 15,17, 20, 30, 40, 50, 60, 70, 80, 90 100, 120, or 140, preferably 2-140, more preferably
2-100, even more preferably 2-80, still more preferably 2-60, yet more preferably 2-40 for

example at least 2, preferably at least 3, more preferably at least 4, even more preferably at least
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3, yet more preferably at least 7, still more preferably at least 10 microbes of a composition or

method are heterologous to each other, or heterologous 1o a soil, plant, plant part, seed, seedling,

plant propagule, or other substance in association with the microbes. As used herein, the terms

“heterclogous,” "exogenous,” and the like, when referring to one material related to a second

material, include a material that is not naturally associated with the second material. Thus, a

20 nucrobe is considered heterologous to a plant or a plant part, such as a root, or a seed. or the like,
if the microbe 18 not found wn nature associated with the particudar plant, plant part (e.g., root),
seed, or the like, or is not found in the number indicated; in some cases, a population of microbes
may contain some microbes that are heterologous to the matenal, and sorae that arc not
heterologous (i.e., normally found with the material} to the matenial. A microbe can also be

25 heterologous to ancther nucrobe if the two are not naturally found together, or are not found m
the numbers and/or ratios indicated.
[001477  In certain embodiments, total colony forming umits ({CFUs) per gram of a microbial
composition is at least 104, 10°,16°, 107, 108, 10°, 10%¢, 10%, 10%, 10%, or 10 and/or not more
than 107,106, 107, 108, 10%, 1070, 101 1672, 107 10Y, 10, or 10", preferably 16% 10 10'), more

30 preferably 10 to 10" even more preferably 10° to 10", vet more preferably 10% to 10M, sull
more preferably 10% 10 10'Y In certain embodiments a composition comprises at least 10%
CFU/gm. In certain embodiments a composition comprises at least 102 CFU/gm. In certain
embodiments a compaosition comprises at least 10° CFU/em. In certain embodiments a
composition comprises at least 10 CFU/gm. In certain embodiments, each of the different

35 microbes (e.g.. microbes of a specific strain) is present at at least 104, 10°,10°, 107, 108, 10°, 107,
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101, 102 108 or 10*, and/or not more than 10°,107, 108, 10°, 10°¢, 101, 102, 10%, 10 or 10V
CFU/gm of compasition, preferably 10° to 10, more preferably 107 10 10, even more
preferably 107 to 10", vet more preferably 107 to 10, even vet more preferably 10% to 101!
CFU/gm of composition. In certain embodiments at least 10, 20, 30, 40, 50, 60, 70, 80, 90, or
95%, or 100%, preferably at least 10%, more preferably at least 20%, even more preferably at
least 30%, still more preferably at least 40%. yet more preferably at least 50% of different strains
of microbes in composifion are present m a ratio fo ecach other (CFU to CFU) of 20:1 to 1:20,
preferably 10:1 to 1:10, more preferably 5:1 to 1.5, cven more preferably 2:1 to 1.2, vet more
preferably 1.5:1 to 1:1.5, even more preferably 1.25:1 to 1:1 25, In certain embodiments at feast
10, 20, 30, 40, 50, 60, 70, 80, 90, or 95%, or 100%, preferably at least 10%, more preferably at
least 20%, cven more preferably at least 309, sull more preferably at least 40%, vet more
preferably at least 50% of different strains of microbes in composition are present i a weight
ratio to cach other of 20:1 o 1:20, preferably 10:1 1o 1:10, more preferably 5:1 to 115, cven more
preferably 2:1 1o 1.2, yet more preferably 1.5:1 to 1:1.5, even more preferably 1.25:1t0 1:1.25. A
“colony forming unit,” or “CFU,” as those terms are used herein, inchides a microbial cell that is
viable, that is, able to multiply via binary fission under suitable conditions. Methods for
determuning a number of CFUs in a sample are well-known in the art.

[00148]  In certain embodiments, a composition comprises a8 liquid medium in which the one
or more microbes, ¢.g., as described above, are distributed. In certain ermbodiments the liguid
medium 1s heterologous to nucroorganisms n the composition. In certain embodiments, the
Hquid medium comprises an agueous medium . In certain embodiments, the aqueous medium
comprises a combination of mediums in which one or more of the one or more microbes of
Designations 1-45 (ATCC Nos. PTA-127367 to PTA-127411) and/or one or more microbes of
Designation 0-46 to O-140 and/or one or more microbes of ATCC Nos. 127834-127850 has

been growing.

~

2. Dry compositions

{00149]  Iv certain embodiments a composition, such as a composition comprising oue of the
composttions comprising bactena and/or fung, €.2., a composition of section LB.1, 1sa dry
composttion. Generally, a dry composttion comprises 10 wt% or fess water. In certan
embodiments a composition comprises lessthan 5,4, 3,2, 1L 05,02, 0.1%, 0.05%, 0.01%,
(.005%, 0.001%, 0.0005%, or 8.0001% wt% water, for example less than 0.1%, preferably less
than 0.05%, more preferably less than (.01%, even more preferably less than 0.005%, yet more

[ 74

preferably less than 0.001%, still more preferably less than 0.0005%. In certain embodiments, a
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composition comprises fess than 5, such as Iess than 4, or less than 3, or less than 2% water. In
certain embodiments, a composition comprises less than 1% water. In certain erobodiments, a
composttion comprises less than 0.5% water, In certain such embodiments, a coraposition
consists essentially of the one or more microbes, ¢.g., a composition produced from a

3 combination of different liquid media compnsing the microbes, in some cases, media in which
the microbes have been grown, that is then treated to obtain the desired dryness, and which may
mclude one or more components from the media, and/or other components, that do not matenally

affect the basic and novel characteristics the composition.

3. Particulate compositions.

10 j00150]  In certain cmbodiments, provided herem are compositions comprising particles, such
as particles comprising one of the microbial compositions provided herein. As used herein a
“particle,” or “particles” include discrete objects larger than atoms or molecules; a particle can be
large enough to be scen with the naked eve, or microscopic. “Particle size” includes size as

deteomined by methods used n the art, m particular, sieving,

[
W

[00151] In certain embodiments, provided herein are compositions comprising a plurality of
particles wherein each particle comprises a composition comprising one or more microbes, €.,
one or more bacteria and/or one or more fungi, as described herein. The particles of the
composition may be any suitable size; m some cases particles are all within a certain size range,
in other cases particles may be present in two or more populations, each of which is within a

20 different size range. In certain embodiments the particles have a median particle size of at least
20,30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 196G, 200, 220, 250,
370, 300, or 400 um and/or no more than 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, 200, 220, 250, 270, 300, 400, or 500 am, for example 20-500 um, preferably
90-270 um, more preferably 140-220 um, even more preferably 160-200 um, still more
preferably 170-190 um. In certain embodiments, at least 10, 20, 30, 40, 30, 60, 70, 80, 90, 95, 97,
98, or 99% and/or not more than 20, 30, 40, 50, 60, 70, 80, 90, 93, 97, 6§, 99, 995, or 100%, or

160%, for example 10-100%, preferably 20-100%. more preferably 50-100%, even more

N
L

preferably 80-100%, still more preferably 90-100% of the particles have a mean particle size of
at least 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 130, 160, 170, 180, 190, 200, 220,
3G 250, 370, 300, or 400 um and/or no more than 30, 40, 50, 60, 70, 80, 90, 100, 114, 120, 130, 140,
150, 160, 170, 180, 196G, 200, 220, 230, 270, 300, 400, or 360 um, for example 20-300 um,
preferably 90-270 wm, more preferably 140-220 um, even more preferably 160-200 um, still

more preferably 170-190 um.
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{08152]  In certain embodiments, such as embodiments where the composition comprises at
least 60, 70, 80, 90, 92, 95, 97, 98, 99, or 99 5%, or 100%, microbes (wi%), particles may have a
mean or median particle size of at least 0.1, 02,035,071, 15,2, 3,4,5,6,7,8,9, 10, 12, 15, or
20um and/ornotmore 0.2, 0.5, 0.7, 1, 15,2, 3.4, 3,6, 7.8,9, 10, 12, 15, 20, 30, or 40 um,
3 preferably 0.2-40 um, more preferably 0.5-20 um, even more preferably 1-20 um, still more
preferably 1-15 um, vet more preferably 2-15 um, even still more preferably 2-12 um.
{00183]  In certain embodiments, larger particles may be used, e.g., 1n compositions for acnal
application and/or some delayed release compositions larger particles may be used, for example,
with a mean size, or a median size, of at keast 100, 150, 200, 230, 300, 400, 5300, 600, 700, 800,
10 960, 1600, 1300, 2000, 3000, 4600, 3000, or 7000 wm and/or no more than 150, 200, 250, 300,
400, 500, 600, 700, 800, 900, 1000, 1300, 2000, 3000, 4600, 5000, 7000, or 10,000 um. or even
larger, such as 200-10,000, preferably 500-3000, more preferably 1000-10,000 um. Such larger
particulate composttions can be useful, for example to allow for release of microbes n two or

more batches as the particles are subject to conditions that allow release of microbes from the
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surface of the particies but others are retained in the particle until the conditions occur again
{(c.g., ramfall, irrigation, or the like, see below). It will be understood that for any composition in
which a plurality of populations of particles is used, with different particle sizes, any suitable
sizes may be used for the composition.

[00154] Cerain particulate compositions are dry compositions. Certain particulate

20 compositions consist essentially of a microbial composition. Certaim particulate compositions

comprise a microbial composition that includes one or more agricultural adjuvants.

4. Delayed release compositions
[00155] In certain embodiments, delayed release compositions are provided. A “delayed

release” composition, as that term 1s used herein, includes a composition that does not release at

N
L

least a portion of its active ingredients, e.g., microbes, on first exposure to the environment, or to
an environmental trigger in the environment in wiich it will be used; i certain embodiments, a
delayed release composition can release a portion of ifs active ingredients, ¢.g., microbes, on first
exposure, so long as an additional portion is not released, while in other embodiments none of
the active ingredients, e.g., microbes, 1s released on first exposure, Any suitable materials and

30 configuration may be used, so long as not all of the microbes are released on first exposare to the
enviromment of use or environmental trigger. Materials useful 1n providing delayed release
compositions are well-known in the art, while many of these are useful 1o pharmaceutical
preparations, suitable modifications, if necessary, will be readily apparent. In gencral materials

and/or configurations of such compositions are such that microbes are confined to the
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composition during pormal conditions of manafacture and transport, but that refease at leasta
portion of the mucrobes on exposure to one or mare enviromuental triggers, that is, one or more
conditions found in the covironment of use. Any suitable trigger may be used, such as water,
electromagnetic radiation {e.g., sunlight, or certain wavelengths of sonlight), temperatare, or
5 evenair {c.g., if particles are relatively unexposed to air during transport and storage, for
example 10 an airtight bag, then start to degrade on exposure to air, ¢.g., when placed in their
environment of use}, or a combination thercof. In certain embodiments, an environmental tnigger
is water, which can come from, e.g.. rainfall, irrigation, or the fike. In general, “exposure t0” the
environmental trigger or trigger inchudes sufficiont exposure of the composition that the process
10 that occurs to release microbes can occur,
[00156]  In certain embodiments, provided is a delayed release composition comprising 3
plurality of particles, each of which comprises a composition comprising microbes, ¢.g., one or
more bacteria and/or one or more fungt, as described herein, wherein the plurality of particles

comprises a first population of particles wherein each particle of the first population comprises
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one or more first components configured to confine at least a portion of the microbes to the

particles, and wherein the one or more first components are such that the one or more first

components lose sufficient integnty upon exposure to one or more environmental tniggers that at

least a portion of the confined microbes are released from the particles. In certain embodiments,

the composition comprises a microbial composition as provided herein. ko cortain embodiments

20 the first components are configured to confine at least 50, 60, 70, 80, 80, 95, 96, 97, 98, or 99%
of the microbes, for example at least 60%, preferably at least 80%, more preferably at least 90%,
even more preferably at least 95%. Any suitable configuration of the first components may be
used. In certain embodiments the first components form a shell wherein the microbes are
confined within, and/or embedded 1, and/or associated with a surface of, the shell. In certain

25 embodiments the one or more first components form a matrix in which the microbes are
embedded or otherwise associated. In certain embodiments the one or more first components
forra a plurality of lamellae, wherein the particles are confined between, and/or erubedded in,
and/or assoctate with a surface of, the lamellae. Bt will be appreciated that any or all of these may
be combined m particles. Tn certain embodiments the environmental trigger comprises water, air,

30 termperature, clectromagnetic radiation, or a combination thereof. In certain embodiments the
environmental trigger 1s water, for example, water from rainfall, 1rrigation, or even humidity of
the air. In certain embodiments, exposure to the trigger is sufficient to release all the microbes; in
other embodiments, repeated exposures and/or duration of exposure s required. Thus, for
example, a composition may be formulated so that it remains intact until a fivst rammfall, when

35 most or all of the pasticies in the composition are exposed to water. Components and
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configuration can be such that all microbe are released at the first rainfall; alternatively,
components and configuration can be such that repeated ramnfalls, or ramfall of sufficient
duration to keep exposing the compostiions to water for a prolonged period, 1s required to release
all the microbes. In certain embodiments one or more first components and/or structure of the
particles are such that exposure to the trigger causcs sufficient loss of integrity that at least 5, 10,
13,20, 25,30, 35, 40, 45, 30, 55, 60, 65, 70, 75, 80, 85, 90, 95, 97, 98, or 99% and/or not more
than 10, 15, 20, 25, 30, 35, 40, 45, 50, 35, 60, 65, 70, 75, 80, 85, 90, 05, 97, 98, 99_or 100% of
the microbes are released. In certain embodiments 30-100% of the microbes are released. In
certain embodiments 30-100% of the microbes are released. In certain embodiments n 80-100%
of the microbes are released. Tn certain embodiments 80-100% of the microbes are released. In
certain embodiments 5-80% of the microbes are released. In certarn embodiments 5-60% of the
nyicrobes are released. In certain embodiments 5-40% of the microbes are released. In certain
embodiments 10-40% of the nucrobes are released. In certain emboduments 5-30% of the
microbes are released. In certain embodiments 10-30% of the microbes are released. In certain

% of the

embodiments 5-25% of the microbes are released. In certain embodiments 10-25
maicrobes are released. In certatn embodiments a composition further comprises a second
population of particles wherein each particle of the second population comprises one or more
second components configured to confine at least a portion of the microbes to the particles, and
wherein the one or more sccond components are such that the one or more sccond components
withstand exposure to the one or more environmental triggers that cause the first components of
the first population to lose integnty, but that lose sufficient integrity upon further exposure to the
onte or more environmental triggers that at least a portion of the confined microbes are released
from the particles of the second population. In certain embodiments an additional 5-80% of the
microbes are released. In certain embodiments an additional 5-60% of the microbes are released.
In cestain embodiments an additional 5-40% of the microbes are released. In certain
embodiments an additional 10-40% of the microbes are released. In certain embodunents an
additional 5-30% of the microbes are released. In certain embodiments an additional 10-30% of
the microbes are released. In certain embodiments an additional 3-25% of the microbes are
released. In certain embodiments an additional 10-25% of the microbes are released. Iix cortain
emboduments a composition comprses a third population of particles wherein each particle of the
third population comprises one or more third components configured to confine at least a portion
of the microbes to the particles, and wherein the one or more third components are such that the
one or more third components withstand exposure to the one or more envirommental triggers that
cause the first and second components of the first population and second populations to lose

integrity, but that lose sufficient integrity upon further exposure to the one or more
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environmental triggers that at least a portion of the confined microbes are released from the
particles of the third population. In certain embodiments an additional 5-80% of the microbes are
released. In certain embodiments an additional 5-60% of the microbes are released. In certain
embodiments an additional 3-40% of the microbes are released. In certain embodiments an
additional 10-40% of the microbes are released. In certain embodiments an additional 5-30% of
the microbes are released. In certain embodiments an additional 10-30% of the muicrobes are
released. In certain embodiments an additional 5-25% of the microbes are refeased. In certain
embodiments an additional 10-25% of the microbes are released. In certain embodiments a
composition further comprises a fourth population of particles whercin cach particle of the fourth
population comprises one or more fourth components configured to confine at least a portion of
the microbes to the particles, and wheren the one or more fourth components are such that the
one or more fourth components withstand exposure to the one or more environmental triggers
that cause the first, sccond and third components of the first population, second and third
populations to lose integrity, but that lose sufficient integrity upon further exposare to the one or
more environmental triggers that at least a portion of the confined microbes are released from the
particles of the fourth population. In certaim embodimentis an additional 3-80% of the microbes
are released. In certain embodiments an additional 5-60% of the microbes are released. In certain
embodiments an additional 3-40% of the microbes are released. In ceortain embodiments an
additional 10-40% of the microbes are released. In certain embodiments an additional 5-30% of
the microbes are released. In certain embodiments an addittonal 10-30% of the microbes are
released. In certain embodiments an additional 3-25% of the nucrobes are released. In certain

embodiments an additional 10-25% of the microbes are released.

s. Composttions comprising one or more agricultarally acceptable adjuvants.

[001587}  Provided herein are compositions comprising microbes, such as a composition as
described above, ¢.g., one or more bacteria and/or one or more fungi, as descnibed herein, and
onte or more agriculturally acceptable adjuvants. An “agricalturally acceptable adjuvant,” as that
term is used herein, includes a natural or synthetic, organie or inorganic material with which the
active compounds {¢.g. the one or more nucrobes as disclosed herein) are combined, e.g., 1o
facilitate their manufacture, storage, use, or the like, where the substance can be used under the
desired conditions, e.g., conditions in which plants grow or are maintaimed, or are o be grown or
maintained. Thus, in certain crabodiments provided hercin is a composition comprising any one
of the compositions comprising one or more microbes as described above and further comprising
one or more agriculturally aceeptable adjuvants. It will be appreciated that in certain cases, such
as delaved release compositions COmMprising one of more components to confine microbes and o
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reicase them on exposure to one or more environmental triggers, certain of the components may
already be considered as agriculturally acceptable adjuvants; in such cases, one or more
additional components, also considered agriculturally acceptable adjuvanis, may be used.
[00158]  Any suitable adjuvant may be used. In certain embodiments at least one of the
agriculturally acceptable adjuvants is heterologous to the one or more micrabes of the
composition. In certain erabodiments the one or more agriculturally acceptable adjuvants
comprise one or more liguid carriers, solid camiers, surfactants, viscosity modifiers, thickeners,

theology additives, stracturing agents, preservatives, biocides or biostatic agents, antifreezes,

hight blockers, mixing auxiliaries, antifoams, complexing agents, neutralizing or pH-modifving
substances and buffers, corrosion intubitors, fragrances, wetting agents, take-up enhancers,
micronutrients, plasticizers, glidants, lubricants, and dispersants an emulsifier, a carrier, a
stabilizer, or a combination thereof. In certain emebodiments, the one or more agriculturally
acceptable adjuvants comprise one or more surfactants. Any suitable surfactant may be used.
Generally, 1t is desired that a surfactant facilitates dissolution of a component or formation of an
emulsion with a component, and a suitable surfactant will do so, while not affecting viability of
the one or more microbes, or not affect viability to a sufficient degree to interfere with the
intended use of the composition. Surfactants belong to different classes such as cationie
surfactants, anionic surfactants, non-tonic surfactands, tonic surfactants, and amphoteric
surfactants, A surfactant can be any surfactant or a combimation of two or more surfactants useful
to disperse the microbes and/or other components in the composition or tank mix for application.
Any suitable concentration of surfactant can be used, such asat least 0.1,0.5,1,2.3,4,5, 6.7, 8,
9,10, 12, or 13% and/ornot morc than 6.5, 1, 2,3, 4,5, 6,7, 8,9, 10, 12, 15, or 20% w/w, for
example (.5 to 20%, preferably 1 to 10%, more preferably 2 to 8%, even more preferably 3 to
8%, yet more preferably § to 7%. Non-ionic sarfactants suitable for this invention include
cthoxyvlated linear aleohols, cthoxylated alkyl phenol, alkyl EQ/PO copolymer, polyatkyviene
slycol monobutyl ether ethoxylated fatty acids/oils, sorbitan laurate, polysorbate, sorbitan oleate,
ethoxylated fatty acid aicohols, or alkyl phenols, alkanolamides or alkyloamides {such as
diethanolamide, lauric acid monoisopropanolamide, and cthoxylated myristamide), xyethylene
fatty acid esters, polyoxyethviene fatty alcohol ethers (such as altkylaryl polvelyceol cthers),
alkylphenolalkylene oxide addition products, such as nonyiphenol ethoxyvlate; alcoholalkylene
oxide addition products, such as tridecvialcohol ethoxylate. Anionic surfactants include alkyl-,
alkvlarvl- and arvisulfonates or salts thercof (such as sodium, potassium or calcium salts of
laury! sarcosinate, alkyvlbenzenesulfonate, dodecylbenzenesulfonate, alkylnaphthalencsulfonates

such as dibutylnaphthalenesulfonate, or € sub.14-16 olefin sulfonates), alkyl-, alkvlaryi- and
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aryisulfates or salts thereof (such as sodiwm, potassivm or calcium salts of tridedeth suifate,
lawryl sulfate, decyl sulfate, and dicthanolammontum lauryl sulfate) protem bydrolysates,
derivatives of polycarboxvlic acid {such as amumoniun lauryl ether carboxylate), olefin
sulfonates (such as sodium alpha olefin sulfonate), sarcosinates (such as ammonium cyclohexyl
5 palmitoyl taurinate), succinates (such as disodium N-octadecyl sulfosuccinamate), phosphorus
derivatives (such as phosphoric acid esters and their equaivalent salis). Cationic surfactants
include alkylbenzyltrimethylammonium chioride, anvmonium lauryl sulfate and lavramine oxide.
Further examples of surfactants include nitrogen-surfactant blends such as Prefer 28 (Cenex),
Surf-N (U8}, Inhance (Brandt), P-28 (Wilfarm) and Patrol (Helena); esterified seed oils including
10 Sun-it IT (AmCy}, MSO (UAP), Scoil (Agsco), Hasten {Wilfarm) and Mes-100 {Drexel); and
organo-silicone surfactants include Silwet L77 (UAP), Silikin (Terra), Dyvne-Amic (Helena},
Kinetic {Helena), Sylgard 309 (Wilbur-Ellis) and Century {Precision), polysorbate 20,
polysorbate 80, Tween 20, Tween 80, Scattics, Alktest TW20, Canarcel, Peogabsorb 80, Triton
X-100, Conco NI, Dowfax 9N, Igebapl CO, Makon, Neutronyx 604, Nonipol NG, Plytergent B,
Renex 600, Solar NO, Sterox, Serfonic N, T-DET-N, Tergitol NP, Triton N, IGEPAL CA-630,

[y
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Nomdent P-40, Pluronic.
[00159]  In certain embodiments the one or more surfactants comprise a non-ionic, cationic, or
antonic surfactant, or a combination thereof. In certain embodiments the one or more surfactants
comprise Tween 20 or Tween &0. In certain embodiments the one or more surfactants comprise
20 sov lecithin or vucea powder or a derivative thereof, or a combination thereof. In certain
embodiments the one or more surfactants are organic. In certam embodiments the one or more
surfactants are at a total concentration of atleast 0.5, 06,0.7,08, 09, 1, 11,12, 13, 14, 1.5,
1.6, 0.7, 18, 1.9,2,21,22,23,24,25,3.4,8,6,7, 8, or 9 wt% and/or no more than 0.6, 0.7,
08,09 1, 11,12, 13, 14,1516, 17, 18,192,21,22,23,24,25,3,4,5,6,7,8,9,0r
25 10 wit%, for example 0.53-10 wit%. preferably 1-3 wt%, more preferably 1.8-2.2 wt%.
{00160]  In cortain embodiments, a composition comprising one or more agricutturally
acceptable adjuvants is a solid composition. In certain embodiments, a composition comprising
one or more agriculturally aceeptable adjuvants is a liguad composition. In certain embodiments,
a composition comprises polyethylene glycol {(PEG). In certain embodiments, a composition
30 comprises PEG and glyeerol. The composition comprising PEG may be solid or hiquid,
depending on the molecular weight of the PEG.
[00161] In cortain embodiments, a composition the one or more adjuvanis COMprise one or
more carriers. As used herein, the term “carrier” includes a substance with which the one or more
nuerobes associate in such a way that the one or more microbes are carried with the substance;
35 the association may be merely physical, e.g., a phvsical combination of microbes with carrier,;
-GG
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alternatively or additionally, the association may be chemical, ¢.g., noncovalent, such as
adsorption, or covalent. In certain embodiments in which the composition is a solid composition,
one or more solid carricrs may be used. Any suttable solid camier may be used. Exemplary solid
carners include, carbohvdrates including mono or disaccharides, such as glacose, mannose,
lactose, sucrose; oligo or poly-saccharides such as maltodextrin or pectin, or oligo- or
polysaccharides derived from one or more plant substances; tale, titamium dioxide, pyrophylilite
clay, attapulgite clay, kicselgubr, silica (silicon dioxide), hmestone, bentontte, calcium
montmorillonite water soluble salts such as sodium, potassium, magnesiom, calcium or
ammonium salts of acetate, carbonate, chloride, citrate, phosphate, or sulfate such ag caletum
carbonate; plant parts such as cottonseed husks, wheat flour, sovbean flour, wood flour, ground
walnut shells, lignin and similar substances, veast extracts, fish meal, pamice, or mixtures
thereof. In certaim embodiments, the carder comprises an alcobol and/or a saccharide, ¢.g., inulin,
glycerol and/or a monosaccharide, disaccharide, trisaccharide, or polysacchande. In certain
embodiments, the carrier comprises ghicose, sucrose, lactose, maltose, and/or galactose. In
certain embodiments, the carrier comprises glucose. In certain embodiments, the carrier is at a
concendration in the composition of at least 50, 33, 60, 63, 70, 75, 80, 85, 90, 91, 92, 93, 94, 95,
96, 97, 98, or 99 wit% and/or no more than 55, 60, 65, 70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, or 100 wit%, for example 50-100 wi%, preferably 70-100 wit%, more preferably 80-
100 wt%, even more preferably 90-100 wt%, stifl more preferably 95-100 wt%.

[00162] In certain embodiments, a composition comprises a monosaccharide, e.g., glucose, an
emulsifier (swrfactant), ¢.g., sov lecithin, and microbes. In certain embodiments, the
monosaccharide is present at at least 80, 83, 90, 95, 96, 97, 98, 99, or 99.5% and or not mare
than 85, 90, 95, 96, 97, 98, 99, 993, or 99.9%, such as 90-99%, preferably 83-99%, more
preferably 90-99%, even more preferably 90-98%, yet more preferably 90-96%, still more
preferably 90-94%; In certain embodiments, the emulsifier is present at atleast 0.1, 0.2, 4.3, 0.4,
05060708, 1,12, 152,34, or 5% and/ornost morethan 0.2, 0.3, 04, 05,06, 0.7, 0.8, 1,
1.2, 0.5,2,3,4. 5, 0r 7%, such as 0.1-5%, preferably 0.1~4%, more preferably 0.1-3%, still more
preferably 0.3-3%. In certain embodiments, the microbes are present at atleast 0.1, 0.2, 0.3, 0.4,
05,0607 08 1,12, 15,2.3.5,6,7.% 9 or 10% and/or not more than 0.2, 0.3, 0.4, 0.3, 0.6,
07,08 1,12, 15,23,5,6,7,8,9, 10, 12, or 15%, such as . 1-15%, preferablv 0.5-12%, more
preferably 0.5-109, still more preferably 1-12%, vet more preferably 1-10%, still yet more
preferably 2-10%, even yet more preferably 4-8%.

[00163]  In certain embodiments the one or more agriculturally acceptable adjuvants comprise
one or more materials that protect the microbes from one or more aspects of an environment in

which the microbes will be stored and/or used. In certain embodiments the one or more
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agriculturally acceptable adjuvants comprise a light absorber or light blocker, or a combination
thereof. In certain emboduments the light absorber or light blocker protects the microbes of the
composition from ultraviolet (UV) light. In certain of these embodiments, the microbes are
enclosed in the material, e.g., the material forms an opaque or translucent shell. Alternatively or

5 additionally, the material can be a UV absorber, either n a shell or as a matrix or sinular in

which the microbes are situated. In cortain crabodiments the one or more matenals are such that
they release some or all of the microbes upon exposure o one or more environmental triggers,
such as one or more environmental triggers described herein. In certain embodiments the one or
more environmental triggers comprises water.

10 [00164] In certan embodiments, a composition comprising one or more agriculturally
acceptable adjuvants is stable at temperatares between 4 °C o and 37 °C foratleast 1, 2,3, 4, 5, or
6davs,or 1,2, 3or4dweeks,or1.2,3,4,5.6,7,8,9, 10, {1l or 12 months, or1,2.3,4,0r3
vears, for example, stable at between 4 °C. and 37 °C for at least one week, preferably at least

one month, more preferably at least 6 months, even more preferably at least 12 months, vet more
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preferably at least 2 years. “Stable,” as that term is vsed herein in relation to a composition,
includes that the composition retains sufficient viability to be used for its miended purpose.
[00165]  In certain embodiments, a composition includes an antifrecze agent for cold storage,
e.g., at temperature less than -5, -10, -13, <20, 25, 30, -40, -50, -60, -70, -80 °C, for example
less than -3, preferably loss than -10, more preferably less than ~13, oven more preferably less
20 than -20°C. Such an agent can be considered an “agriculturally acceptable adjuvant,” as that
term s used herein, in that it maintains the one or more microbes in a form where they are viable
for their intended use, though gencrally after steps to grow the microbes and further treat them.
In certain embodiments the antifrecze agent comprises glyveerol, ethvlene glveol, propylene
glyeol, urea, calcium chloride, sodium nitrate, magnesium chlonde and ammonium sulfate. In
25 certain embodiments the antifreeze agent comprises ghycerol. In certain embodiments the
lycerol is present at a concentration of atleast 1,2, 3,4, 5,6, 7. 8,9, 10, 12, 14, 16, 18,20, 22,

213
24,26, 28,30, 35, 40, or 45% and/orno more than 2, 3, 4. 5,6, 7. 8, 9, 10, 12, 14, 16, 18, 20, 22,
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26, 28, 30, 35, 40, 45, or 50%, for example 1-50%, preferably 10-30%, more preferably 15-

25%. even more preferably 18-22% wi%. In certain of these embodiments the composition

30 comprises microbes of only one strau.
[00166]  Certain embodiments provide a plurality of particles comprising a composition
comprising one or more agriculturally acceptable adjuvants, as described herein, and a
composition comprising maicrobes, such as ounc of the microbial compositions herein.

[00167]
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6. Compositions comprising additional microbes.

[00168]  In certain embodiments provided are methods and compasitions utilizing any one of
the compositions described above, and further including additional microbes. In cortam
embodiments provided is a composition comprising one or more microbes as described above
and further comprising eclis of one or more additional microbial species or strains different from
those of one or more microbes of Designations 1-45 (ATCC Nos, PTA-127367 1o PTA-127411)
and/or one or more microbes of Designations 0-46 to 8-140. In certain embodiments the
additional microbial species comprise fungi, bacteria, or a combination thereof. In certain
embodiments the additional microbial specics comprise fungt. In cortain embodiments the fungt

comprise myeorrhizal fungt.

7. Seeds, seediings, or other plant propagules and one or more microbes

[00169]  In certain embodiments, provided are sceds, seedlings, or other plant propagules
comprising microbes, for example of one of the microbial compositions descrbed herein,
including but not hinvted to m sections LB 1-6, for cxample section LB L, or LB S, or LB.6 A
“plant propagule,” as that term is used herein, mcludes any plant matenal used for the purpose of
plant propagation, including but not limited to sceds, scedlings, and stem cuttings. In certain
embodiments provided is a population of seeds, scedlings, or other plant propagules comprising a
compaosition comprising a plurality of microbges, such as described above, ncluding but not
limited to in sections 1.B.1-6, for example section LB.1, or LB.S, or LB .6, wherein at least a
portion of the microbes of the composition are associated with the sceds, scedlings, or other plant
propagules. Tt will be appreciated that in certain cases, ¢.g., where a large number of different
microbes are used, individual seeds, seedlings, or plant propagules may not necessanly comprise
every one of the different microbes; this is acceptable 50 long as the overall population comprises
a sufficient mumber of the different microbes, preferably all of them, for the microbes to operate
for the desired purpose. Thus, 1n certain embodiments at least 30, 60, 70, 80, 83, 90, 93, 97, or
99%, or 100%, of the seeds, scedlings, or other plant propagules of the population, for example
at least 50%, preferably at least 60%, more preferably at least 80%, vet more preferably at least
85%, and cven vet more preforably at least 90%. cach has at least 10, 15, 20, 25, 30, 35, 40, 45,
56, 60, 70, 80, 90, 93, or 99%, or 100%, for example at least 10%, preferably at least 20%, more
preferably at least 30%, even more preferably at least 40%, vet more preferably at least 60%, still
more preferably at feast 80% of the different nucrobes of one or more microbes of Designations
1-45 {ATCC Nos. PTA-127367 t0 PTA-127411) and/or one or more microbes of Designations
3-46 to (-140 associated with i, for example at least 10, preferably at least 20, more preferably

at least 30, cven more preferably at least 40, vet more preferably at least 30%. In certain
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embodiments the microbes are present on each seed, seedling, or other plant propagule in an
average total amount of at least 10, 1060, 200, 300, 700, 1000, 1500, 2000, 3000, 5000, 7000,
10,000, 20,000, or 50,000 and/or not more than 100, 200, 500, 700, 1000, 1500, 2000, 3000,
SO00, 7000, 10,000, 20,000, 30,000, 100,000, 360,000, or 1M CFU per seed, seedling, or other
plant propagule, for example, 10-1M, preferably 100-300,000, more preferably 560-500,000,
even nore preferably 1000-500,000, vet more preferably 5000-500.000, yet more preferably
5000-1M. In cortain embodiments the population of seeds, seedlings, or other plant propagules
comprises one or more microbes of Designations 1-43 {ATCC Nos. PTA-127367 1o PTA-
127411} and/or one or more microbes of Designations (-46 to (-140. In certam cmbodiments
the microbes of the composition are disposed on surfaces, in pores, or a combination thereof, of
the seeds, seedlings, or other plant propagules. In certain embodiments a composttion comprises
at feast 160, 500, 1000, 3000, 10,000, 50,000, 100,000, or 1M sceds. scedlings, other plant
propagules, for example at least 1000, preferably at feast 10,000, more preferably at least
100,000, In certain embodiments the composition is configured to be suitable for acrial
deposttion, ¢.g., aerial deposition of seeds, seedlings, or other plant propagules comprising
microbes as described herein, so that a desired proportion of the deposited seeds, scedlings, or
other plant propagules are situated so that they can genminate and grow under suitable
conditions. In certain embodiments a composttion comprises seeds, wherein the seeds are
contained in a bag or container suitable for commercial sale. In certain embodiments at least 10,
15,20, 25, 30, 35, 40, 45, 530, 60, 70, 80, 90, 95, or 99%, or 100%, for example at least 10%,
preferably at least 209, more preferably at least 30%, even more preferably at least 40%, vet
more preferably at least 60%, still more preferably at least 80% of the different microbes are
heterologous to the seed, scedling, or other plant propagule. In certain ombodiments the seeds,
seedling, or other plant propagules comprise seeds, seedlings, or other plant propagules of a
particufar plant or class of plants. Any switable plant or class of plants may be used, such as any
one of the plants or classes of plants of section LB 190, below. Inn certain embodiments, the seeds,
seedlings, or other plant propagules comprise those of grass or trees. In certain embodiments the
seeds, seedlings, or other plant propagules comprise grass seeds. A “grass,” as that term 18 used
herein, includes monocotyledonous plants used for lawas, turf, or animal feed, such as pasture,
fodder and rangeland grasses, and also includes monocotyledonous plants found in grasslands
and i wetlands, forests, and tundra. “Grass,” as that term 15 used heren, does not mnclude
domesticated cereal crops. “Twrf,” as that terny is used hercin, includes grass used for planted
surfaces, such as playving surfaces, for example in fields, courses, ¢.g., golf courses, and piiches,
for sports or other recreation. A “grassland,” includes a grass-dominated biome, such as a
temperate or a tropical grassland, inclading but not hmited to savannas, pampas, steppes, and
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pratries. In certain embodiments the grass seeds comprise turf seeds. In certain embodiments the
seeds, seedlings, or other plant propagules of trees. In certain embodiments the composition
comprises tree seeds. In certain cabodiments the composition comprises tree scedlings, such as
tree scedlings to be used for reforestation or upforestation, such as seelings of a conifer such as
pine, or sak, or beech. In certain embodiments the composition comprises seeds, scedlings, or
other plant propagules of a commercial crop. A “commercial crop,” as that term 1s used heremn,
includes a plant where the plant or one or more parts of the plant are directly or indirectly sold in
a market or otherwise used in a commercial endeavor, ¢.g., grains (ccreals), vegetables, and the
like, described in more detail below. In certam cases, the commercial crop is for animal
consumption, ¢.g., by domesticated animals, or by humans. As used herein, the term
“domesticated animal” includes commercially reared avian and mammalian animals, inclading
but not limited to poultry such as chickens, game birds, geese, turkeys and ducks, goats, sheep,
alpacas, cattic, bison, horses, and pigs. In cortain emboduments the coramercial crop comprises a
cereal crop. In certamn embodiments the cereal crop comprises corn, sweet com, popeorn, seed
corn, silage corn, field com, rice, wheat, barley, or sorghwm. In certain embodiments the
commercial crop comprises a berry. In certain embodiments the berry comprises blueberry,
blackberry, raspberry, loganberry, huckleberry, cranberry, gooseberry, elderberry, currant,
caneberry, or bashberry. In certain embodiments the commercial crop comprises an oilseed plant.
In certain embodiments the oilseed plant canola, castor, coconut, cotton, flax, oil palm, olive,
peanut, rapeseed, safflower, sesame, sunflower, or soybean. In certain embodiments the
commercial crop comprises a tree nut. In certain embodiments the tree nut comprises almond,
pistachio, pecan, walnut, filberts, chestout, cashew, beechnut, butternut, or macadamia. In certain
embodiments the commercial crop comprisces a brassica vegetable. In certain crobodiments the
brassica vegetable comprises broceoli, cabbage, cauliflower, brussels sprouts, collards, kale,
muostard greens, or kohlrabi. In cortain embodiments the commercial crop comprises a cucurbit
vegetable. In certatn embodiments the cucurbit vegetable comprises cucumber, cantaloupe,
melon, muskmelon, squash, watermelon, pumpkin, or eggplant. In certain embodiments the
commercial crop comprises a bulb vegetable. In certain embodiments the bulb vegetable
comprises onion, garlic, or shallots. In certain embodiments the commercial crop comprises
citrus. In certain emabodiments the ciirus comprises orange. grapefruit, lemon, tangerine, tangelo,
or pummelo. In certain embodiments the comumercial crop comprises a fruiting vegetable. In
certain embodiments the fruiting vegetable comprises pepper, tomato, ground cherry, tomatillo,
okra, or grape. In certain embodiments the commercial crop comprises legume or vegetable such
as beans. In certain embodiments the legume or vegetable such as beans comprise green beans,
snap beans, shell beans, soyvbeans, dry beans, garbanzo beans, lima beans, peas, chickpeas, split
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peas, lentils, or peanuts. In certain embodiments the commercial crop comprises a pome fruit. In
certain embodiments the porae fruit comprises apple, crabapple, pear, quince, or mayvhaw. In
certain ecmbodiments the commercial crop comprises a root, fuber or corm vegetable. In certain
embodiments the root, tuber or corm vegetable comprises carrot, potato, sweet potato, cassava,
beets, ginger, horseradish, radish, gingeng, or turaip. In certain embodiments the commercial
crop comprises a stone frutt. In certain embodiments the stone frutt comprises apricot, cherry,
nectarine, peach, plum, prune, or strawberry. In cortain embodiments the commercial crop
comprises a grass. In cortain embodiments the grass comprises grass for ivestock feed. In certain
embodiments the grass comprises turf grass. In certain crbodiments the commercial crop
comprises a tree. In cerfain embodiments the tree comprises an evergreen tree. In certain
embodiments the tree comprises a decidoous tree. In certain embodiments the commercial crop
comprises an herb or spice. In certain embodiments the commercial crop comprises cannabis. In
certain embodiments the commercial crop comprises an ormamental plant. To certam
embodiments the omamental plant comprises a flowering plant, a bush or a shrub. In certain
embodiments the commercial crop comprises an energy or raw material plant. In certain
embodiments the encrgy or raw material plant comprises com, canola, sugar cane, sunflower,
safflower, Jatropha, castor, o1l palm, coconut, wild flax, Pongam, olive, or flax. In certain cases
the energy or raw material plant is for use in producing a biofuch

{00170}  In cortain embodiments, the conunercial crop is corn (maize).

[00171]  In certain embodiments, the commercial crop is soy.

[001721 In certain embodiments, the commercial crop is rice {¢.g., dry grown rice).
{00173 In certain embodiments, the commercial crop is wheat.

[00174]  In cortain embodiments, the commercial crop ts barley.

[00175] In certain embodiments, the commercial crop is sorghum.

[00176]  In certain embodiments, the commercial crop is cat.

{00177} In certain embodiments, the convnercial crop is rye.

[00178]  In centain embodmments, the conunercial crop is sugar cane.

8. Plants or plant pars and one or more microbes (optionally with soil).

[00179]  In certain embodiments, provided are compositions that comprise a plant or plant part
and one or more microbes of the microbial compositions descnbed herein, including but not
limited to, in sections LB, 1-6, for example section LB.1, or L. B3, or LB.6. The plant part may be,
e.g., roots of the plant. The microbes can be disposed on or in the roots, ¢.g., as thizobacteria.
{0018G] In certain embodiments provided is a plant or plant part comprising one or more of

the microbes of the composition of any one the microbial compositions disclosed herein,
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including bot not limited to of sections 1.B.1-6, for example section LB.1, or I1B.5, or LB.6,
disposed on or in the plant or plant part. In certain embodiments the one or more microbes are
disposed on or in a plant part comprising a root of the plant. In cortain embodiments at least 1,
10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 95, or 999%, or 100%, for exampie at least 10%,

Qs

preferably at least 20%, more preferably at least 30%, cven more preferably at least 40%, veot
more preferably at least 50%. still more preferably at least 80% of the different microbes are
heterologous to the plant or plant part. In certain embodiments the one or more microbes are
present in a total amount of at least 10, 100, 200, 300, 700, 1000, 1500, 2000, 3000, 5000, 70600,
10,000, 20,000, 50,000, 100,000, 300,000, 10°, 107, 10%, 10°, 10%°, 10, 107% 10¥ and/or not
more than 100, 200, 500, 700, 1000, 1500, 2000, 3000, S004, 7000, 10,000, 20,000, 50,0600,
100,000, 500,000, 10°, 107, 108, 107, 10%° 101 10%2, 10 10, 107 or 10" CFU per gram dry
weight of the root, ¢.g., 10-10%, preferably 100-10', more preferably 100 to 10, even more
preferably 100,000 to 100, vet more preferably 168 to 10%6, vet still more preferably 107 to 107,
and even yet more preferably 102 to 10'% In certain embodiments the composition further
comprises mycorrhizal fungi. The plant may be any suitable plant, such as a plant deseribed in
Section B.10. In certain embodiments the plant s a grass. In certain embodiments the grassis a
grassland grass. In certain embodiments the grass is a twrf grass. In certain embodiments the
plant is a tree. In certain embodiments the tree 18 a deciduous tree. In certain embodiments the
tree 1s an evergreen tree. In certain embodiments the tree 1s a forest tree. In cortain crabodiments
the plant 1s a commercial crop. In certain embodiments the commercial crop comprises a cereal
crop. In certamn embodiments the cercal crop comprises corn, sweet com, popeom, seed com,
silage corn, field corn, rice, wheat. barley, or sorghum. In certain embodiments the commercial
crop comprises a berry. In certain emboduments the berry comprises blucberry, blackberry,
raspberry, loganberry, huckleberry, cranberry, gooseberry, elderberry, currant, caneberry, or
bushberry. In certain embodiments the commercial crop comprises an oilseed plant. In cortain
embodiments the oilseed plant canola, castor, coconut, cotton, flax, oil palm. olive, peanut,
rapeseed, safflower, sesame, sunflower, or sovbean. In certain embodiments the commercial crop
comprises a tree nut. In certain cmbodiments the tree nut comprises almond, pistachio, pecan,
walnut, fitberts, chestinut, cashew, beechnut, butternut, or macadamia. In certain embodimengs
the conunereial crop comprises a brassica vegetable. In certain embodiments the brassica
vegetable compnises broccol, cabbage, cauliflower, brussels sprouts, collards, kale, mustard
greens, or kohlrabi. In certain embodiments the commercial crop comprises a cucurbit vegetable.
In certan erabodiments the cucurbit vegetable comprises cucumber, cantaloupe, maclon,
muskmelon, squash, watermelon, pumpkin, or eggplant. In certain embodiments the commercial

crop comprises a bulb vegetable. In certain embodiments the bulb vegetable comprises onton,
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gardic, or shallots. In certain embodiments the commercial crop comprises citrus. In cortain
emboduments the citrus corprises orange, grapefruit, lemon, tangering, tangelo, or punumelo. In
certain ecmbodiments the commercial crop comprises a fruiting vegetable. In contain
embodiments the fraiting vegetable comprises pepper, tomato, ground cherry, tomatillo, okra, or
5 prape. In certain embodiments the commercial crop comprises legume or vegetable such as
beans. In certain embodiments the legume or vegetable such as beans comprise green beans, snap
beans, shell beans, sovbeans, dry beans, garbanzo beans, hma beans, peas, chickpeas, split peas,
lentils, or peanuts. In certain embodiments the commercial crop comprises a pome fruit. In
certain embodiments the pome fruit comprises apple, crabapple, pear, quince, or mayhaw. In
10 certain embodiments the commercial crop comprises a root, fuber or corm vegetable. In certain
embodiments the root, tuber or corm vegetable comprises carrot, potato, sweet potato, cassava,
beets, ginger, horseradish, radish, ginseng, or tarmip. In certain embodiments the commercial
crop comprises a stone frutt. In certam embodiments the stone frut comprises apricot, cherry,

nectarine, peach, phim, prune, or strawberry. In certain embodiments the commercial crop
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comprises a grass. In certain embodiments the grass comprises grass for hvestock feed. In certain
emboduments the grass comprises turf grass. In certain ermbodiments the comumercial crop
comprises a tree. In cerfain embodiments the commercial crop comprises an evergreen tree. In
certain embodiments the commercial crop comprises a decidaous tree. In certain embodiments
the commercial crop comprises an herb or spice. In certain ernbodiments the commercial crop
20 comprigses cannabis. In certain embodiments the commercial crop comprises an ornamental plant.
In certam embodiments the omamental plant comprises a flowering plant, a bush or a shrub. In
certain embodiments the commercial crop comprises an energy or raw material plant. In certain
embodiments the encrgy or raw material plant comprises com, canola, sugar cane, sunflower,
safflower, Jatropha, castor, o1l palm, coconut, wild flax, Pongam, olive, or flax. In certain cases
25 the energy or raw material plant is for use  producing a biofuel. In certain embodiments, the
plant is a corn plant. To certain embodiments, the plant 1s a rice plant. In certain erobodiments,
the plant 1s a soy plant. To certaim emboduments, the plant is a wheat plant. Tn certain
embodiments, the plant is a barley plant. In certain embodiments, the plant is an cat plant. In
certain embodiments, the plant is a rye plant. In certain embodiments, the plant is a sugar cane
30 plant. In certain crobodiments, the plant ts a sorghum plant. In any of the above embodiments,
the composition may comprise roots of the plant and further comprise soil in which the plant is
growing or has grown. In certain embodiments the soil is within 0.1 cm of roots of the plant. In
certain embodiments the soil is within 0.5 cm of roots of the plant. In certain embodiments the
soil 18 within | em of roots of the plant. In certain embodiments the soil is within 2 em of roots of
35 the plant. In certain embodiments the soil is within 3 cm of roots of the plant. Tn certain
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embodiments the soil 1s within § em of roots of the plant. In certain embodiments the soil is
within 7 cm of roots of the plant. In certain embodiments the soil 1s within 10 co of roots of the
plant. In cenain embodiments the soil is within 15 om of roots of the plant. In certain
embodiments the soil is within 20 em of roots of the plant. In certain embodiments the soil &8
within 50 cm of roots of the plant. In certain embodiments the soif 1s within 100 cm of roots of
the plant. In cortain embodiments the microbes of the composttion comprise at least 0.01, 0.05,
01,05, 1,2, 5,10, 20, 30, 40, 50, 60, 70, 80, or 90% of a total number of microbes in the
composition comprising soil, for example, at least 0.01%, at least 0.05% at least #1%, at least
1%, preferably at least 2%, even more preferably at least 5%, vet more preferably at least 10%,
still more preferably at least 20%, even still more preferably at least 46%. In certamn
embodiments the composition further comprises mycorthizal fungi. In certain embodiments the
mycorthizal fungt make up at least 1, 2, 8, 10, 20, 30, 40, 50, 60, 70, 80, or 90% of a total
nwwber of nucrobes in the composition comprising soil or example, at least 1%, preferably at
least 2%, even more preferably at least 3%, yet more preferably at least 109%, still more
preferably at least 209, even still more preferably at feast 40%. In certain embodiments
beneficial microbes other than the microbes of the composition comprising nucrobes, are present
at a concentration of at least 1M, 2M, SM, 10M, 15M, 20M, 25M, 30M, 35M, 40M, 50M, T0M,
or 100M and/or not more than 2M, SM, 10M, 15M, 20M, 25M, 30M, 35M, 40M, 530M, 70M,
80M, 100M, or 1B per gram soil drv weight, for example 1M to 1B, preferably 10M to 1B, more
preferably 20M to 1B, even more preferably 20M to 100M, vet more preferably 20M 1o 80M,
still more preferably 30M to 80M per gram soil dry weight. In certain embodiments the soil has
an average density of at least 0.8, 0.9, 1.0, 1.05, 1.10, 1.15, 1.20, 1.25, 1.30, 1.35, 1.40, 1 .45,
1.50, 1.55, 1.60, 1.65, or 1 70 and/or not morc than 0.9, 1.0, 1.05, 1.10, 115, 1.20, 1.25, 1.30,
1.35, 1.40, 145, 150, 1.53, 1.60, 1.65, 1.76, 1.75, 1.80, 1.85, 1.90, or 1.95, for example, 1.0-
1.90, preferably 1.05 to 1.85, more preferably 1.10 10 1.530, even more preferably 1.20-1.75, vet
more preferably 1.35-1.70, still more preferably 1.53-1.85 g/em3 dry weight of soil. In certain
embodiments the soil bas an average water holding capacity (WHC) of at least 20, 25, 30, 35, 40,
43, 50, 535, 60, 63, or 70% wi/wt and/or not more than 25, 30, 35, 40, 45, 30, 55, 60, 65, or 70%
wi/wt, for example, 20-70%, preferably 25-65%, more preferably 25-55%, vet more preferably
30-65%, still more preferably 35-65%, vet still more preferably 35-35%. As used herein, “water
holding capacity” or “WHC” of soil mcludes weight percent of a soil or soil sample that is water
when the soil or soil sample is saturated with water. Water holding capacity can be determined
by any suitable method, ¢.g., exposing sol or a soil sample to sutficient water to saturate the soil,
weighing the soil, then drving the sample. Initial weight — drv weight/initial weight x 100 =%
WHC. Other methods may be used 1n cortamn nstances, such as a neutron probe or moistare
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meter. In certain embodiments the soil has an average carbon content of at least 2, 3,4, 5,6, 7, 8,
9,00, 11, 12,13, 14, 15, 16,17, 18, 19, or 20% and/or not more than 3, 4, 5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18,19, 20, 22, 25, 30, 35, or 40% {(w/w}, for example, 5-30%, preferably 7-
30%, more preferably 10-30%, yet more preferably 10-25%. in certain embodiments the soil has
5 asoil carbon content of at least 0.5, 2, 3, 5, 7, 10, 12, 15, 20, 25, 30, or 35 kg/m*® of soil and/or
not more than 0.5, 2, 3, 5, 7, 10, 12, 15, 20, 25, 30, 35 or 40 kg/m}', for example 0.5-49,
preferably 2-40, more preferably 5-40, even more preferably 7-35, yvet more preferably 7-30, still
more preferably 7-25 kg/m® of soil. In certain embodiments the soil does not comprise a
significant amount or concentration of synthetic fortilizer, or a detectable amount. The amount
10 canbe, e.g., less than that allowed by organic farming cniteria for the area; such critena are well-
known. In certain embodiments the soil does not comprise a detectable amount or concentration
of synthetic fertilizer. In coertain embodiments the soil does not comprise a significant amount or
concentration of herbicide, .g.. synthetic herbicide. The amount can be, ¢.g., less than that

allowed by organie farming criteria for the area; such criteria are well-known. In certain
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embodiments the soil does not comprise a detectable amount or concentration of herbicide, e g,
svithetic herbicide. In certamn embodiments the soil does not comprise a significant amount or
concentration of pesticide, ¢ .g., synthetic pesticide. The amount can be, ¢.g., less than that
allowed by organic farming criteria for the arca; such criteria are well-known. In certain
embodiments the sail does not comprise a detectable amount or concentration of pesticide, ¢.g.,
20 svnthetic pesticide. In certain embodiments the soil does not comprise a significant amount or
concentration of insecticide, ¢.g., synthetic insecticide. The amount can be, ¢.g., less than that
allowed by organic farming criteria for the area; such criteria are well-known. In certain
embodiments the sodl does not comprise a detectable amount or concentration of 1nsecticide, ¢.g.,
svuthetic insecticide. In certain embodiments the soil does not comprise a significant amount or
25 concentration of fungicide, ¢.g., synthetic fumgicide. The amount can be, ¢.g., less than that
allowed by organic farming criteria for the arca; such criteria are well-known. In certain
embodiments the soil does not comprise a detectable amount or concentration of fungicide, e.g.,
svnthetic fungicide. In certain embodiments the soil does not comprise a significant amount or
conceniration of bactericide, ¢.g , synthetic bactericide. The amount can be, ¢.g., less than that
30 allowed by organic faming criteria for the arca; such criteria are well-known. In certain
embodiments the soil does not comprise a detectable amount or concentration of bactericide, ¢ g,
synthetic bactericide. In certain embodiments the soil does not comprise a significant amount or
concentration of nematicide, ¢.g., synthetic nematicide. The amount can be, e.g., less than that

allowed by organic farming criferia for the area; such critenia are well-known. In certain
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embodiments the soil does not comprise a detectable amount or concentration of nematicide, ¢.g.,
svnthetic nomaticide.
{00181]  In certain embodiments provided herein is a compaosition comprising a plant, ¢.g.
wherein the plant or part of the plant is for animal consumption, and soil in which the plant is
growing, wherein {1} the soil and/or roots of the plant in the soil comprise one or more microbes
heterologous to the soil and/or plant; and (31) the plant or plant part comprises a density of one or
more nutrients, ¢.g., one or more nutnients for the ammal, that 1s greater than reference plant or
plant part. In certain embodiments the composition comprises at least 5, 10, 15, 20, 25, 30, 35,
40, 45,50, 55, 60, 65,70, 75, 80, 85, 90, 93, 100, 105, 110, 115, 120, 125, 130, or 135 different
microbes and/or not more than 10, 15, 20, 25, 30, 35, 40, 45, 56, 535, 60, 65, 70, 75, 80, 85, 90,
95, 100, 105, 110, 115, 120, 123, 130, 135 or 140 different microbes, for example at least 20, in
certain cases at least 50, in yet other cases at least 70, or preferably 10-140, more preferably 20-
120, even more preferably 40-100, yet more preferably 30-100 that are heterologous to the plant
and/or soil. In certatn embodiments at least 10, 15, 20, 25, 30, 35, 40, 48, 50, 60, 70, 80, 90, 93,
or 99%. or 100%, for example at least 10%, preferably at least 20%, more preferably at least
36%, even more preferably at least 40%, vet more preferably at least 60%. still more preferably
at least 8G%, vet more preferably at least 95%, vet still more preferably 100% of the different
microbes are rhizobacteria. In certain embodiments at least 10%, preferably at least 20%, more
preferably at least 30%, even more preferably at least 40%, yet more preferably at least 60%, still
more preferably at least 80%, vet more preferably at least 95%, vet still more preferably 100% of
the different microbes are saprophytic. In cortain embodiments the different microbes are
Streptopivees. In certain embodiments the composition comprises one or more different microbes
of a microbial composition disclosed herein, meluding but not houted o ine.g., i sections LB 1-
6, for example section LB.1, or LB.S, or 1. B.6. In certain embodiments the composition
comprises at least 2, 5, 7, 10, 13, 20, 23, 30, 35, 40, 45, 50, 60, 70, 80, or 90 and/or not more
than 5,7, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90 or 95 one or more different microbes
for example at least 2, preferably at least 5, more preferably at least 10, even more preferably at
least 20, yet more preferably at least 30, still more preferably at least 50, or for example 2-95,
preferably 10-95, more preferably 20-95, even more preferably 30-93, vet more preferably 40-95,
still more preferably 50-95. In certain embodiments nutricnt density of the one or more antmal
nutrients 1s mncreased by at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 30, 60, 70, 80, 90, 100, 120,
150, 200, 250, 300, 350, or 400% and/or not more than 0, 13, 20, 25, 30, 35, 40, 45, 50, 60, 70,
80, 90, 100, 120, 150, 200, 250, 300, 350, 400, 300, 700, or 1000%, for cxample, at least 5,
preferably at least 10, more preferably at least 15, even more preferably at least 26, still more
preferably at least 30, yet more preferably at least 50%, or for example at least 5-1000,
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preferably 3-700, more preferably 10-1000, even more preferably 10-700, still more preferably
16-500, yet more preferably 20-300%. In certain embodiments the one or more nutrients is
increased in density by at least 3, 10, 15, 20, 25, 30, 35, 40, 45, 30, 60, 70, 80, 90, 100, 120, 150,
204, 250, 300, 350, or 400% and/or not more than ¢, 15, 20, 25, 30, 35, 40, 43, 50, 60, 70, 80, 90,
100, 120, 150, 200, 230, 300, 350, 400, 300, 700, or 1000%, for example, at least 3, preforably at
least 10, more preferably at least 15, even more preferably at least 20, sl more preferably at
least 30, yet more preferably at least 509, or for example at least 5~1000, preferably 5-700, more
preferably 10-1000, even more preferably 10-700, still more preferably 10-500, vet more
preferably 20-500%. In certain embodiments the animals comprise humans or domesticated
animals. In certain embodiments the ammals comprise humans. In certain embodiments the
animals comprise domesticated animals. In certain embodiments the amimals comprise cattle,
bison, goats, sheep, dairy cows, fowl (such as chickens, geese. and ducks}, pigs. or horses. In
certain embodiments the animals are catile. In certain cmbodiments the increased nutrient density
comprises increased protein density, increased mineral density, increased vitamin density, ora
combination thereof. In certain embodiments the increased nutrient density compnses increased
protein density. o cortain emboduments the increased outrient density comprises increased
vitanyin density. In certain embodiments the increased vitamin density comprises increased
vitamin A density. In certain embodiments the increased vitamin density comprises mcreased
vitamin By {thiamine} density. In cortain eovbodiments the increased vitamin density comprises
increased vitamin By (nboflavin) density. In certain embodiments the increased vitamin density
comprises increased vitamin Bz (macin, mecotinic acid) density. In certain embodiments the
increased vitamin density comprises increased vitamin Bs (pantothenic acid) deunsity. In certain
embodiments the increased vitamin density comprises mereased vitamnin By (pyridoxal,
pynidoxine, or pyridoxamine) density. In certain embodiments the increased vitamin density
comprises increased vitamin By (biotin} density. In certain embodiments the increased vitamin
density comprises increased vitamin Be (folic acid) density. In certain embodiments the mereased
vitarain density comprises mnereased vitamin Bz density. In certain embodiments the mereased
vitamin density comprises increased vitamin  density. In certain embodiments the increased
vitamin density comprises increased choline density. In certain embodiments the increased
vitanun density comprises increased vitamin D density. In cortam embodiments the mereased
vitanyin density comprises increased vitamin E density. In certain embodiments the nereased
vitamin density comprises increased vitamin K1 density. In certain embodiments the increased
vitarain density comprises mereased vitamin K2 denstty. In certain embodiments the inereased
nuirient density comprises increased mineral density. In certain embodiments the increased
mineral density comprises increased calcium density. In certain embodiments the mereased
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mineral density comprises increased magnesium density. In certain embodiments the increased
mineral density corprises increased sodium devsity. In certain emboduments the increased
mineral density comprises increased potassium density. In certain embodiments the mereased
mineral density comprises increased iron density. In certain embodiments the increased mineral
density comprises increased copper density. In cortain embodiments the increased mineral
density comprises increased manganese density. In certain embodiments the mcreased mineral
density comprises increased zine density. In certain embodiments the increased mineral density
comprises increased iodine density. In certain embodiments the increased mincral density
comprises increased chromium density. In certain embodiments the ncreased mineral density
comprises increased molybdenam density. In certain embodiments the increased mineral density
comprises increased phosphorus density. In certain embodiments the increased mineral density
comprises increased molybdenum density. In certain embodiments the increased mineral density
comprises increased selenium density. The plant may be any suitable plant, such as a plant as

disclosed herein, ¢.g., Section 1.B.10.

g. Populations of plants and microbes {optionally with soil}

[00182] In certain embodiments, provided are compositions comprising populations of plants
comprising microbes of a microbial composition as described herein, including but not limited to
those of sections L.B.1-6, for example section LB.1, or L.B.3, or LB .6, in cortain cases also
including soil the plants grow or have grown in. Thus, in certain embodiments provided is a
population of plants wherein the plants or part of the plants comprises the microbe or microbes of
the composition of sections LB.1-6, for example section IB.1, or LB.3, or LB.6, disposed on or
in the plant or plant part. In certaim embodiments the population at least 100, 1000, 5000, 10,000,
100,000, 500,000, 1M, 2M, 3M, 5M, 1M, 50M, 100M, 500M, 1B, 2B, 58, 10B, S0B, 100B, 17,
10T, 100T plants and/or not more than 1000, 5000, 10,000, 100,000, 500,000, 1M, 2M, 3M. 5M,
1OM, SOM, 100M, 500M, IB, 2B, 5B, 108, 50B, 100B, 1T, 10T, 1007, or 5007 plants, for
example 100 to SOOT, preferably 1000 to 3007, more preferably 100,000 to 5007, even more
preferably 1M to 500T, yet more preferably 1B to 500T, still more preferably 10B to 5007, in
some cases more than 1M, for example more than 10M, preferably more than 100M, more
preferably more than 1B, even more preferably more than 10B, vet more preferably more than
100, still more preferably more than 1T or even more than 10T, or more than 100T, or even
more than 3007, Larger populations can be found m, e.g., large agricultural lands, or pasture
lands, grasslands, forests, and the hike. In certam ermbodiments, described elsewhere herein,
compositions as described herein can be deposited in very large areas, such as arcas of

erasslands, forests, or the hike, ¢ g., wild or undomesticated grasslands, forests, or the like; such
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arcas may exceed umdreds, thousands, or tens of thousands of square miles; it will be
appreciated that, especially m the case of grasslands, such areas can contain billions or even
tridlions of mdividual plants. In certain embodiments at least 10, 13, 20, 25, 30, 35, 40, 45, 50,
60, 70, 80, 90, 95, or 99%, or 100%, for example at least 10%, preferably at least 20%, more
preferably at least 30%, cven more preferably at least 40%, yet more preferably at least 60%, still
more preferably at least 80% of the different nucrobes of the composition are heterologous to the
plant or plant part. In certain embodiments the one or more microbes are disposed onorina
plant part comprising a root of the plant. In certain embodiments the one or more microbes are
present in a total amount of at least 10, 100, 200, 500, 700, 1000, 1500, 2000, 3000, 5000, 7600,
10,000, 20,000, 50,000, 100,000, S00.000, 105, 107, 10%, 10°, 10%°, 10", 10'2, 10" and/or not
more than 100, 200, 500, 700, 1000, 1500, 2000, 3000, 5000, 7000, 10,000, 20,000, 50,000,
100,000, 500,000, 10°, 107, 108, 10”1070, 10Y, 10%2 105, 10", 1075, or 10" CFU per gram dry
weight of the root, e.g., 10-10%, preferably 160- 10’ more preferably 100 to 10%, oven more
preferably 100,000 to 10, vet more preferably 10% o 10, vet stilf more preferably 107 to 1016,
and even vet more preferably 1072 to 10V% In certain embodiments the composition further
comprises mycorrhizal fungi. In certain embodiments the plants are grass. In certain
embodiments the grass 1s a grassland grass. In certam embodiments the grass 1s a twrf grass. In
certain embodiments the plants are trees. In cortain embodiments the trees are decidoous trees. In
certain embodiments the trees are evergreen trees. In cortain embodiments the trees are forest
trees. In certain smbodiments the plants arc a conmmercial crop. In certain embodiments the
commercial crop comprises a cereal crop. In certain embodiments the cereal crop comprises
corn, sweet corn, popcorn, seed corn, silage com, field com, rice, wheat, barley, or sorghum. In
certain cmbodiments the commercial crop comprises a berry. fo certain emboduments the berry
comprises blueberry, blackberry, raspberry, loganberry, huckleberry, cranberry, gooseberry,
elderberry, currant, cancherry, or bushberry. In cortain embodiments the commercial crop
comprises an otlseed plant. In certain cmbodimments the otlseed plant canola, castor, coconut,
cotton, flax, oil palm, olive, peanut, rapeseed, safflower, sesame, sunflower, or soybean. In
certain embodiments the commercial crop comprises a tree not. In certain embodiments the tree
nut comprises almond, pistachio, pecan, walnut, filherts, chestnut, cashew, beechnut, buttersut,
or macadanua. In certain embodiments the commercial crop comprises a brassica vegetable. In
certain embodiments the brassica vegetable comprises broceoli, cabbage, cauhiflower, brussels
sprouts, collards, kale, mustard greens, or kohirabi. In certain embodiments the commercial crop
comprises a cucurbit vegetable. o cortain embodiments the cucurbit vegetable conprises
cucumber, cantaloupe, melon, muskmelon, squash, watermelon, pumpkin, or eggplant. In certain

embodiments the commercial crop comprises a bulb vegetable. In certain embodiments the bulb
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vegetable comprises onion, garlic, or shallots. In certain embodiments the commercial crop
comprises citrus. In cortain embodiments the citrus comprises orange, grapefruit, Jemon,
tangerine, tangelo, or pummelo. In certain embodiments the commercial crop comprises a
fruiting vegetable. In certain embodiments the fruiting vegetable comprises pepper, tomato,

3 ground cherry, tomatillo, okra, or grape. In certain embodiments the conunercial crop comprises
legume or vegetable such as beans. In cortaim embodiments the legume or vegetable such as
beans comprise green beans, snap beans, shell beans, sovbeans, dry beans, garbanzo beans, lima
beans, peas, chickpeas, split peas, lentils, or peamuis. In certain embodiments the commercial
crop comprises a pome fruit. In certain embodiments the pome fnut comprises apple, crabapple,

10 pear, quince, or mayhaw, In cerfain embodiments the commercial crop comprises a root, tuber or

corm vegetable. In certain embodiments the root, tuber or corm vegetable comprises carrot,
potato, sweet potato, cassava, beets, ginger, horseradish, radish, ginseng, or torip. In certain
embodiments the commercial crop comprises a stone fruit. In certam embodiments the stone fruit

comprises apricot, cherry, nectarine, peach, plum, prune, or strawberry. In certain embodiments

[y
0

the commercial crop comprises a grass. In certain embodiments the grass comprises grass for
livestock feed. In certamn embodiments the grass comprises turf grass. In certain erbodiments the
commercial crop comprises atree. In certain embodiments the commercial crop comprises an
evergreen tree. In certain embodiments the commercial crop comprises a deciduous tree. In
certain embodiments the commercial crop comprises an herb or spice. In certain embodiments
20 the commercial crop comprises cannabis. In certain embodiments the commercial crop comprises
an ormamental plant. Tn certain embodiments the omamental plant comprises a flowering plant, a
bush or a shrub. In certain embodiments the commercial crop comprises an energy or raw
material plant. In certain embodiments the energy or raw material plant comprises corm, canola,
sugar cane, sunflower, safflower, Jatropha, castor, oil palm, coconut, wild flax, Pongam, olive, or
25 flax. In certain cases the energy or raw matenal plant 1s for use in producing a biofuel. In certain
embodiments, the commereial crop 15 a com plant. In certain embodirnents, the commercial crop
is a rice plant. In certain embodiments, the convnercial crop 1s a soy plant. In certam
embodiments, the commercial crop is a wheat plant. In certain embodiments, the commercial
crop s a barley plant. In certain embodiments, the conunercial crop is an oat plant. In certain
30 emboduments, the commercial ¢rop is a rye plant. In certain erabodiments, the coramercial crop
is a sugar cane plant. In certamn embodiments, the commeraal crop s a sorghum plant. In cerfam
embodiments, the population of plants is distributed over an area of atleast 0.1, 0.5, 1, 5, 10. 50,
100, 500, 1000, 5000, 10,000, 30,000, or 100,000 square miles and/or not more than 0.5, 1, 3, 10,
30, 160, 300, 1000, 5000, 10,000 30,000, 100,000, 300,000, 1M, 2M, 10M, or 50M square miles,
35 forexample. 0.1 to SOM square miles, preferably 0.1 to 10M square miles, more preferably 1 1o
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10M square miles, yet more preferably 10 to 10M square miles, still more preferably 100 to 10M
square miles, yet stidl more preferably 1000 to 1M square miles. As descrbed above, this can be,
¢.g., grassland, forest, or the like that bave had compositions of microbes as described hercin
apphied. In certain embodiments, a composition further inclades soil in which the plants grow or
have grown. Unless indicated otherwise, the soil can be considered to be the soil extending to the
depth, or average depth, of roots of the plants. In certain emboduments the soil 1s within 0.1 comof
roots of the plant. In certain embodiments the soil is within 0.5 em of roots of the plant. In certam
embodiments the sotl is within 1 cm of roots of the plant. fo certain emvbodiments the soil is
within 2 ¢m of roots of the plant. In certain embodiments the soil is within 3 cia of roots of the
plant. In certain embodiments the soil is within § cm of roots of the plant. In certain
embodiments the sotl is within 7 cm of roots of the plant. In certain embodiments the soil is
within 10 cm of roots of the plant. In certain embodiments the soil is within 15 cm of roots of the
plant. To certain ecmbodiments the soil is within 20 cm of roots of the plant. To certain
embodiments the soil 1s within 50 cm of roots of the plant. In certain embodiments the soil 18
within 100 cm of roots of the plant. Thus, provided herein are compositions comprising a
population of plants and microbes, as described herein, and soil in which the plants grow or have
grown, the microbes comprise at feast 0.01, 0.05, 0.1, 0.51, 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, or
90% of a total number of microbes in the composition comprising soil, for example, at least
0.01%, or at least 0.1%, or 1%, preferably at least 2%, oven more preferably at least 5%, yeot
more preferably at least 109, still more preferably at least 20%, even still more preferably at
least 40%. In certain embodiments the composition further comprises mycorrhuzal fungt. In
certain embodiments the mycorrhizal fungi make up at least 1, 2, 5, 10, 20, 30, 40, 50, 60, 70, 80,
or 90% of a total number of micobes 1 the compasition comprising soil or example, at least 19,
preferably at least 2%, even more preferably at least 3%, vet more preferably at least 10%, suill
more preferably at least 20%. even still more preferably at least 40%. In certain embodiments the
composition comprises beneficial microbes other than the microbes of the composition
comprising mucrobes; these can be present, ¢.g., at a concentration of at least 1M, 2M, 5M, 10M,
15M, 20M, 258, 30M, 35M, 40M, 50M, 70M, or 100M and/or not more than 2M, SM, 10M,
15M, 20M., 25M, 30M, 35M, 40M, 50M, 70M, 0M, 100M, or 1B per gram soil drv weight, for
example 1M to 1B, preferably 10M to 1B, more preferably 20M to 1B, even more preferably
20M to 100M, vet more preferably 20M to 80M, still more preferably 30M to 80M per gram soil
dry weight. In certain embodiments the soif has an average density of at least 0.8, 0.9, 1.0, 1.05,
PAG, 115, 1.20, 1.25, 1.30, 1.35, 1,40, 145, 1.50, 1.35, 1.60, 1.65, or |70 and/or not more than
09 10,105, 1,10, 1,15, 1.20, 1.25, 1.30, 1.35, 1.40, 1 .45, 1.50, 1.55, 160, 1.65, 1.70, 1.75,
1.80, 1.85, 1.90, or 1.95, for example, 1.0-1.90, preferably 1.05 to 1.85, more preferably .10 to
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1.50, even more preferably 1.20-1.75, yet more preferably 1.35-1.70, still more preferably 1.55-
1.85 g/em3 dry weight of soil. In certain erabodiments the soil bas an average water bolding
capacity (WHC) of at least 20, 25, 30, 35, 40, 45, 30, 35, 60, 63, or 70% wit/wt and/or not more
than 25, 30, 35, 40, 45, 50, 35, 60, 65, or 70% wi/wi, for example, 20-70%, preferably 25-63%,
more preferably 23-55%. vet more preferably 30-65%, still more preferably 35-65%, yet still
more preferably 35-53%. In certain embodiments the soil and plant parts in the soil bave an
average carbon content of at least 2, 3,4, 5,6, 7,8, 9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, or
20% and/or not more than 3,4, 5, 6,7.8,9, 10, 11, 12, 13, 14, 15 16, 17, 18, 19, 20, 22, 25, 30,
33, or 40% {w/w}, for exaraple. 5-30%, preferably 7-30%. more preferably 10-30%. yet more
preferably 10-25%. In certain embodiments the soil has a sotl carbon content of at least 9.5, 2, 3,
S,7.10,12, 15,20, 25, 30, or 35 kg/m® of soil and/or not more than 0.5,2, 3,5, 7, 10,12, 15, 20,
25,30, 35 or 40 kg/m®, for example 0.5-40, preferably 2-40. more preferably 5-40, even more
preferably 7-35, yet more preferably 7-30, still more preferably 7-235 kg/m® of soil. In certain
embodiments the soil 1s to a depth of not more than 20, 30, 40, 50, 60, 70, 80, 90, or 100 cm, for
example not more than 100 om, preferably not more than 80 cm, more preferably not more than
60 cm, even more preferably not more than 40 cm, vet more preferably not more than 30 om, still
more preferably not more than 20 ecm. In certain embodiments the soil and plant parts in the soil
have an average carbon content of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26,27,28,29, 30,32, 35, 37,40, 42, 43, 50, 55, or 60 and/or not more than 11, 12, 13, 14, 15,
16, 17, 18, 19,20, 21, 22,23, 24,25, 26,27, 28, 29, 30, 32, 35, 37, 40, 42, 45, 50, 55, 60, or 70
metric ton per hectare, for example 10-70, preferably 10-60, more preferably 15-60, vet more
preferably 15-50, still more preferably 18-60, even still more preferably 18-55 metric ton per
hectare. In certain embodiments, the soil 1s 1o a depth of at least 5, 10, 15, 20, 30, 40, 30, 60, 70,
80, 90, 100, or 150 o and/or not more than 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, or 200 cm,
for example not more than 100 cm, preferably not more than 80 ¢m, more preferably not more
than 60 cm, even more preferably not more than 40 em, yet more preferably not more than 30
cm, still more preferably not more than 20 cm, or to the depth of roots of the plants. In certain
cases, for example as indicated herein, soil is less than average depth of roots, e.g., typically

though not necessanly in the case of a forest.

10. Plants

{00183]  In certain embodiments herein, methods or compaositions include one or more planis
or plant parts, or seeds, seedlings, or other plant propagules of plants, or land n which plants
grow, have grown, or will grow, or other methods and compositions as described herein that

comprise plants or plant parts. In certain ermbodiments the plants are grass. In certain
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embodiments the grass is a grassland grass. Grassland grasses include but are not himited to
Rhodes grass, red oat grass, lemon grass, purple needlegrass, blue grama, buffalo grass, and
galleta. In cortaim emboduments the grass 1s a turf grass, Turt grasses melude but are not limited
to anmual ryegrass, bahiagrass, bermudagrass, buffalograss, carpetgrass, centipedegrass, creeping
bentgrass, fine fescue, Kentucky bluegrass, perennial ryegrass, rough bluegrass, St
Auvgustinegrass, tall fescue, zoysiagrass, Kikuvugrass (Penniseium clandestimany Amnual
bluegrass (Poa armmay, or a combination thereof, In certain embodunents the plants are trecs. In
certain embodiments the trees are deciducus trees. In certain embodiments the trees are
evergreen trees. In certain crabodiments the troes are forest trees. In certain embodiments the
plants are a commercial crop. In certain embodiments the commercial crop comprises a cereal
crop. In certain embodiments the cereal crop comprises com, sweet comn, popeom, seed corn,
stfage comn, field com, rice, wheat, bardey, or sorghum. In certain embodiments the commmercial
crop comprises a berry. In certain embodiments the berry comprises blueberry, blackberry,

1

raspberry, loganberry, huckleberry, cranberry, gooseberry, elderberry, carrant, caneberry, or
bushberry. In certain embodiments the commercial crop comprises an oilseed plant. In certain
embodiments the oilsced plant canola, castor, cocomut, cotton, flax, oil palm, olive, peanut,
rapeseed, safflower, sesame, sunflower, or sovbean. In certain embodiments the commercial crop
comprises a tree not. In certain embodiments the tree nut comprises almond, pistachio, pecan,
walnut, filberts, chestout, cashew, beechnut, butternut, or macadamia. In certain embodiments
the commercial crop comprises a brassica vegetable. In certain embodiments the brassica
vegetable comprises broceoli, cabbage, cauliflower, brussels sprouts, collards, kale, mustard
greens, or kohirabi. In certain embodiments the commercial crop comprises a cucurbit vegetable.
In certain emboduments the cucurbit vegetable comprises cucumber, cantaloupe, melon,
muskmelon, squash, watermelon, pumpkin, or eggplant. In certain embodiments the commercial
crop comprises a bufb vegetable. In certain embodiments the bulb vegetable comprises onion,
garlic, or shallots. In certain embodiments the commercial crop comprises citrus. In certamn
embodiments the citrus comprises orange, grapefruii, lemon, tangerine, tangelo, or pwomelo. o
certain embodiments the commercial crop comprises a fruiting vegetable. In certain
embodiments the fruiting vegetable comprises pepper, tomato, ground cherry, tomatillo, okra, or
grape. In certain embodiments the commercial crop comprises legume or vegetable such as
beans. In certain embodiments the legume or vegetable such as beans comprise green beans, snap
beans. shell beans, soybeans, dry beans, garbanzo beans, fima beans, peas, chickpeas, split peas,
lentils, or peanuts. In certain embodiments the conunercial crop comprises a pome fruit. In
certain embodiments the pome fruit comprises apple, crabapple, pear, quince, or mayhaw. In

certain embodiments the commercial crop comprises a root, tuber or corm vegetable. In certain
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embodiments the root, tuber or corm vegetable comprises carrot, potato, sweet potato, cassava,
beets, ginger, horseradish, radish, ginseng, or turmip. In certatn embodiments the commercial
crop comprises a stone fruit. In cortain embodiments the stone fruit comprises apricot, cherry,
nectarine, peach, plom, prane, or strawberry. In certain embodiments the commercial crop
comprises a grass. In certam cmbodiments the grass comprises grass for livestock foed. In cortain
embodiments the grass comprises turf grass. In cortain emboduments the commercial crop
comprises a tree. In cortain embodiments the commercial crop comprises an evergreen tree. In
certain embodiments the commercial crop comprises a deciduous tree. In certain embodiments
the commercial crop comprises an herb or spice. I cortain embodiments the commercial crop
comprises cannabis. In certain embodiments the commercial crop comprises an ormamental plant.
In certam embodiments the ornamental plant comprises a flowering plant, a bush or a shrub. In
certain embodiments the commercial crop comprises an energy o raw material plant. In certain
embodiments the energy or raw material plant comprises com, canola, sugar cane, suntlower,
safflower, Jatropha, castor, oil palm, cocomst, wild flax, Pongam, olive, or flax. In certain cases
the encrgy or raw material plant is for use in producing a biofuel. In certain embodiments a plant

is a hemyp plant.

[00184] In certain embodiments, the commercial crop ts com (maize).

[00185]  In certain embodiments, the commercial crop is s0y.

[00186]  In cortain embodiments, the conunercial crop is rice {e.g., dry grown nice).
[801877  In certain embodments, the commercial crop 1s wheat.

[00188]  In certain embodiments, the conmmercial crop is barley.

{00189]  In certain embodiments, the commercial crop is sorghun.
[60188]  In certain embodiments, the commercial crop is oat.
[00191] In certain embodiments, the commercial crop s rye.

[00192]  In certain embodiments, the commercial crop is sugar cane.

it Compositions comprising soil

{00193]  In certain embodiments, provided herein are compositions comprising soil, such as
soil in which plants are growing or have grown, wherein the soil comprises one or more
microbes, such as one or more microbes or combinations of microbes heterologous to the soil. In

certain embodiments, microbes are those of one of the microbial compositions provided herein,

e.g., comprising bacteria and/or fungi, such as compositions described herein, including but not
Himited to, in sections LB.1-6, for example section LB L, or LB, or LB 6.
[00194]  In certain embodiments provided s a composition comprising soil in which plants are

growing or have grown wherein the soil comprises at least 1,2, 3, 10, 15, 20, 30, 35, 40, 45, 30,
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60, 70, 80, 90, or 100 and/or not more than 2, 5, 10, 15, 20, 30, 33, 40, 45, 50, 60, 70, 80, 90,
100, or 150 different nucrobes that are heterologous to the soil and/or plants, for example, at
lcast 1, preforably at least 5, more preferably at feast 10, even more preferably at least 15, vet
more preferably at least 25, still more preferably at least 40, or 1-150, proferably 1-100, more
preferably 2-80, even more preferably 2.

{00198]  In certain embodiments composition comprising soil in which plants are growing or
have grown wherein the soil comprises one or more microbes of a microbial composition as
provided herein, at least 1,2, 5, 10, 13, 20, 30, 35, 40, or 43 different microbes of a microbial
composition as described heren,.

[00196]  In certain embodiments, the soil has an average density of at least 0.8, 0.9, 1.0, 1.05,
110, 115,120, 1.25, 1.30, 1.35, 1.40, 145, 1.50, 1.53, 1.60, 1.65, or 1.70 and/or not more than
09, 1.0, 1.05 1.10, 1.15,1.20, 1.25, 1.30, 1.35, 1.40, 1.45, 1.50, 1.55, 1.60, 1.65,1.70, 1.75,
1.80, 1.85, 1.90, or 1.95, for example, 1.0-1.90, preterably 1.05 to 1.83, more preferably 110 to
1.50, even more preferably 1.20-1.75, yet more preferably 1.35-1.70, still more preferably 1.53-
1.85 g/em3 dry weight of soil.

[00197]  Aliematively or additionally, in cettatn embodiments the soil has a water holding
capacity (WHC) of at least 20, 25, 30, 35, 40, 45, 50, 35, 60, 65, or 70% wit/wt and/or not more
than 25, 30, 35, 40, 45, 50, 35, 60, 65, or 70% wi/wi, for example, 20-70%, preferably 25-65%,
more preferably 25-53%, yet more preferably 30-65%, still more preferably 35-65%, yet still
more preferably 35-55%.

[60198]  Altematively or additionally, in certain embodiments the soil has a concentration of
beneficial microbes of at least 1M, 2M, SM, 10M, 15M, 20M, 25M, 30M., 35M, 40M, 50M.
TOM, or 100M and/or not more than 2M, SM, 10M, 15M, 20M, 23M, 30M, 35M, 40M, 50M,
TOM, 80M, 100M, or 1B per gram sotl dry weight, for example 1M to 1B, preferably 10M o 1B,
more preferably 20M to 1B, even more preferably 20M to 100M, yet more preferably 20M to

80M, still more preferably 30M to 80M per gram soil dry weight.

[00199]  Altermatively or additionally, 10 certain cmbodiments the soil has a soil carbon
content of at least 05,2, 3,5, 7, 10, 12, 15, 20, 25, 30, or 35 kg/m® of soil and/or not more than

0.5,2,3.5,7, 10, 12, 15, 20, 25, 30, 35 or 40 kg/m®. for example 0.5-40, preferably 2-40, more

)
=il

preferably 3-40, cven more preferably 7-33, yet more preferably 7-30, still more preferably
ko/m® of soil. In certain embodiments the soil bas an average carbon content of at least 2, 3, 4, 3,
6.7,8,9 10,11, 12,13, 14, 15, 16, 17, 18, 19, or 20% and/ornot more than 3, 4. 5,6, 7, 8. 9, 10,
P12, 13, 14,15, 16, 17, 18, 19,20, 22, 23, 30, 33, or 40% (w/w), for example, 5-30%,

preferably 7-30%, more preferably 10-30%, vet more preferably 10-25%.
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{00208] Altematively or additionally, in certain embodiments the soil does not contain a
significant amownt {concentration) of synthetic fertilizer, or, in certain embodiments, does not
contain a detectable amount. Altematively or additionally, in certain embodiments the soil does
not contain a significant amount {concentration) of svathetic pesticide, or, in certain
embadiments, does ot contain a detectable amount. Alternatively or additionally, in certain
embodiments the soil does not contain a significant amount {concentration} of synthetic
herbicide, or, in certain embodiments, does not contain a detectable amount.

[00201] Altematively or additionally, the soil may comprise the plants or parts of the plants.
Any suttable plant or plant part may be part of the composition, such as those described heretn,
e.g. in Section B.10. In certain embodiments, the part of the plants comprises roots of the plants.
In certam embodiments, the microbes are disposed on or in the roots. In certain of these
embodiments, the one or more microbes are present in a total amount of at least 10, 100, 200,
500, 700, 1000, 1300, 2000, 3000, 5000, 7000, 10,000, 20,000, 30,000, 100,000, 500,000, 10°,
107, 168, 107, 10%°, 10H, 10, 10" and/or not more than 100, 200, 500, 700, 1000, 1500, 2000,
3000, 5000, 7000, 10,000, 20,000, 50,000, 100,000, 500,000, 108, 107, 10%, 107, 107, 10", 107,
161, 10%, 10%, or 10°° CFU per gram dry weight of the root, e.z., 10-10'°, preferably 100-101°,
more preferably 100 to 108, even more preferably 100,000 to 101, yet more preferably 10%to
10'°, yet still more preferably 107 to 10'°, and even yet more preferably 107 to 10" In certain
embodiments, the composition further comprises mycorrhizal fingi.

[002062] Al weights are dry weights, unless otherwise indicated. Values for density, water
holding capacity, beneficial microbes, soil carbon content, concentration of synthetic fertihizer,
herbicide, and/or fungicide, or other relevant soil characteristics, may be determined by any
suitable method. In cortain embodiments, some or all of the values are determined on a sotl
sample. In certain embodiments, at least a portion of the values are determined by use of a probe.
In certain embodiments, at least some of the values are determined by above-ground techniques,
such as satellite imaging, hdar, or the like. See further description of carbon in soil provided
herein, for further description of sampling and analytic technigues. As used herein, a
“significant” amount of a synthetic ferilizer, herbicide, or pesticide inchudes an amount that is

above established standards for organic farming in the area in which soil and/or plants are

situated.
C Methods
i Application to plants, plant parts, soil or other growth medium
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{00203] In certain embodiments, provided herein is a method comprising applying a microbial
composttion, such as a microbial composition as disclosed herein, ¢.g., comprising bacteria
and/or fungi, such as compositions described herein, including but not imited to, in sections
LB.1-6, for example section LB 1, or LB.3, or L B.6,, to a plant, or a part thereof, and/or to soil or
other growth medium in which the plant grows or will grow, i a first application. Unless
indicated otherwise, or clear from context, the phrase “apply a microbial composition,” or similar
phrase, as used herein, when used in terms of application to soil or plants m soil, also includes
planting or stherwise contacting soil with seeds, scedlings, or other plant propaguies that
comprise microbes, such as seeds, scedlings, or other plant propagules described herein. In
certain embodiments, at least 10, 13, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 95, or 999, or
100%, for example at least 10%, preferably at least 20%, more preferably at least 30%, even
more preferably at least 40%. yet more preforably at feast 60%, still more preferably at least 80%
ot'the different microbes in the composition are at a concentration that is at least 2, 5, 10, 50,
100, 504, or 1000x the concentration of the same microbe found or detected in an untreated
control plant, or a part thereof, and/or sotl or other growth medium in which the plant grows or
will grow, preferably at 2x, more preforably at least 5x, even more preferably at least 10x, yot
more preferably at least 50x, stili more preferably at least 500x. In cortain embodiments, at least
10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 95, or 99%, or 100%, for example at feast 10%,
preferably at least 20%, more preferably at least 30%, cven more preferably at least 40%, veot
more preferably at least 60%, still more preferably at least 80% of the different microbes in the
composition are undetectable m an untreated control plant, or a part thereof, and/or to soil in
which the plant grows or will grow. In certain embodiments, the derivative composition is an
agqueous composition. The composition or derivative can be applied m any suttable maoner. In
certain embodiments, a composition comprising microbes 1s agueous, or 1s combined with an
aquecus medium, and the aqueouns matenal is applied to soil or other growth mediom in which
the plant grows or will grow, by any suitable means, e.g., as part of irrigation water. In certain
embodiments, the mucrobial composition or denvative thereof is a solid composition, e.g.,
particles or the like, as described herein, and is applied as a solid. For solid or liguid application,
in certain embodiments application comprises acnal application, ¢.g., by manned and/or
unmaonned acrial vehicle. As used herein, “control” or “reference” or similar words, when used in
connection with plants, plant parts, soil, and/or other growth mediam, or other aspects as
desenbed herein, includes plants, plant parts, sotl, and/or other growth medium, or other aspects
as described herein, to which a microbial composition as described herein has not been applied.
In certain embodiments 1t includes but 1s not limited to plants, plant parts, soil, and/or other
erowth mediom before application of a microbial composition. i can inclade information
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gathered for one or more growing scasons or years, for example, information gathered for the
previous |, 2,3, 4,5, 6,7, 8,9, or 10 vears, for example, 10 years. Typically such information
will be an average. In certain crobodiments 1t mcludes but is not imited to plants, plant paxts,
soil, or other growth mediom the same as the plants, plant parts, soil, or other growth mednon to

5 which the microbial composition is applied, ¢.g., the same soil, the same plants, ctc., for

example, an adjacent or ncarby field that comprises the same crops or other plants, which are
typrcally treated similarly or the same as the treated soil and plants. Any switable number of
application of the composition, or a derivative produced from the composition can be applied, for
exampleatleast 1,2, 3.4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, or 19 applications,

10 andlornomorethan 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 applications,
for example 1-20 applications. In certain embodiments, the method further comprises applying
the composition, or a dervative produced from the composition, to a plant, or a part thereof,
and/or to soil or other growth mediwm 1o which the plant grows or will grow, in a second

application. In certain embodiments, the method further comprises applving the composition, or
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a dertvative produced from the composition, €0 a plant, or a part thereof, and/or to sail or other
growth medium m which the plant grows or will grow, 1 a third application. In certain
embodiments, the method further comprises applying the composition, or a derivative produced
from the composition, to a plant, or a part thercof, and/or to soil or other growth medium in
which the plant grows or will grow, in a fourth application. fn certain embodiments, the method
20 further comprises applyving the composition, or a derivative produced from the composition, to a
plant, or a part thereof, and/or to soil or other growth medium n which the plant grows or will
grow, in a fifth application. In certain embodiments, the method further comprises applying the
composition, or a derivative produced from the composition, to a plant, or a part thereof, and/or
1o 501l or other growth medium in which the plant grows or will grow, in a sixth application. In
25 certain embodiments, the applications are separated by at least 1, 2,3, 4, 5, or 6 days, or 1, 2, 3,
ord weeks, or 1,2, 3,4, 5,6, 8, or I0months, or 1, 2, 3, 4, or 5 vears and/or not more than 2, 3,
4,5, orddays,or 1,2, 3, or4dweeks, 01 1, 2,3,4, 5,6, 8, or i0months,or 1, 2,3, 4, 50r 10
vears. In certain embodiments an application comprises at least 1, 2, 5, 10, 20, 30, 40, 30, 69, 70,
80, 90, 100, 125, 150, 173, 200, 250, 300, or 400 and/or not more than 2, 5, 10, 20, 30. 40, 30,
30 60,70, 80, 90, 100, 125, 150, 175, 200, 250, 300, 400, or 300 g microbes/acre, for example 5-5-
300 or 5-200 or S-100 or 5-50 g/acre, preferably 30-200 g microbes/acre, more preferably 75-125
gfacre, even more preferably 100 g/acre. In cortain embodiments, cach application comprises at
least 10°, 107, 10%, 10%, 100, 1011 1072, 10%, 10%, 10" and/or not more than 10%, 107, 108, 10°,
1010, 164 1012 10", 10 10", or 10' CFU of microbes of the composition per acre, for
35 example, 10%t0 10", preferably 10710 10, more preferably 10%to 107, even more preferably
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10710 10, yet more preferably 10™t0 10%°, still more preferably 10 to 1012 CFU of microbes
of the composition per acre. In certatn embodiments, soil and/or plants or parts or products of
plants are tested for mineral and/or other nutricnt content before one or more applications, and, in
some cases, the amount of one or more minerals and/or other nuirients in the soil is modulated
based, at least in parts, on the results of the testing. An amount of a mincral or other nutrient may
be increased, or decreased. Further description of testing of soil and/or plants or components of
plants, and addition of macronutrients, micronutrients, and/or carbon sources, may be ag
disclosed herein. In certain embodiments, the application of the composition leadsto a
concentration of atleast 0.5, 1,2, 3,4, 3,6, 7, % 9,10, 12, 15, 17, 20, 23, 30, 35, 40, 45, 50, 60,
760, 80, 90, 95, or 99%, or 100%, for example at least 0.5%, or at least 1%, preferably at least 2%,
more preferably at least 3%, even more preferably at least 10%, vet more preferably at least 20%,
stiil more preferably at least 40% of the microbes that is at least 2, 5, 10, 50, 100, 500, 1000,
10,000, 50,000, or 100,000x higher than the concentration of the same microbe found or detected
in an untreated control plant or soil or other growth mediam in which the plant grows or will
erow, for example at least 2x, or at least 10x, or at feast 100x, preferably at least 500x, more
preferably at least 1000x, vet more preferably at feast 5000, still more preferably at least
50,000x. In certamn embodiments, the method further comprises applying one or more soil
amendments to the soil. In certain embodiments, the sotl amendments comprise one or more
mingrals and/or one or more carbon sources for the microbes. In certain embodiments, a content
of the soil amendment is determined at least in part by one or more results of one or more
analyses of the sotl in which the plants grow or will grow and/or the plants or parts of the plants.
Such analysis may be performed before the first application. it may additionally or altermatively
be performed at one or more times after the first application. In certain ernbodiments, the method
further comprises growing the plant in the soil. In certamn embodiments, at least 1,2, 3,4,5,6, 7,
8,9, 10,12, 15,17, 20,25, 30, 35,40, 43, 50, 60, 70, 80, 90, 93, or 99%, or 100%, for example
at least 1%, or at least 2%, or at least 5%, or at least 10%, preferably at least 20%, more
preferably at least 309, even more preferably at least 40%, yet more preferably at least 60%, suill
more preferably at least 80% of the different microbes of the composition colomze roots of the
plants, for example at least 1%, or at least 2%, or at least 5%, or at least 10%. preferably at least
20, more preferably at least 4C, vet more preferably at least 60, still more preferably at least 80%.
In certain embodiments, the composition or derfvative is applied to a plurality of plants, or a
parts thercot, and/or to soil or other growth medium in which the plurality of plands grow or will
grow. In certain embodiments, the plurality comprises at least 10, 20, 50, 100, 500, 1600, 5000,
10,000, 100,000, 300,000, 1M, 2M, 5M, 10M, 50M, 100M, S00M, 1B, 5B, 10B, 508, or 100B of
the plants, for example at feast 100, preferably at least 1000, more preferably at least 100,000,
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even more preferably at least 10M, vet more preferably at feast 100M, still more preferably at
least IB. In certain ermbodiments, the plants are grasses. In certain embodiments, the grasses are
turf grasses. {n certain embodiments, the plants are grassland grasses. In cortain embodiments,
the plants are trees. In certain embodiments, the trees are deciduous trees. In certain
embodiments, the troes are evergroen trees. In certain embodiments, the trecs are forest trees. In
certain embodiments, the plant is a commercial crop. Tn certain embodiments, the commercial
crop comprises a cereal crop. In certain embodiments, the cereal crop comprises comn, sweet
corn, popcorn, seed com, stlage corn, field com, rice, wheat, barley, or sorghum. In certain
cembodiments, the commercial crop comprises a berry. In cortain embodiments, the berry
comprises blueberry, blackberry, raspberry, loganberry, huckleberry, cranberry, gooseberry,
elderberry, currant, cancherry, or bushberry. In certain embodiments, the commercial crop
comprises an otlseed plant. In certain cmbodiments, the oilseed plant canola, castor, coconut,
cotton, flax, oil palm, olive, peanut, rapeseed, safflower, sesame, sunflower, or soybean. In
certain embodiments, the commercial crop comprises a tree nut. In certain embodiments, the tree
nut comprises almond, pistachio, pecan, walnet, filberts, chestout, cashew, beechnut, butternut,
or macadanua. In cortain embodiments, the commercial crop comprises a brassica vegetable. Inn
certain embodiments, the brassica vegetable comprises broceoli, cabbage, cauliflower, brussels
sprowuts, collards, kale, mustard greens, or kohlrabi. In certain embodiments, the commercial crop
comprises a cucurbit vegetable. In certain embodiments, the cucurbit vegetable comprises
cucumber, cantaloupe, melon, muskmelon, squash, watermelon, pumpkin, or eggplant. In certain
embodiments, the commercial crop comprises a bulb vegetable. In certain embodiments, the bulb
vegetable comprises onion, gartic, or shallots. In certain embodiments, the commercial crop
comprises citrus. In cortain emboduments, the citrus comprises orange, grapefrutt, lemon,
tangerine, tangelo, or pummelo. In certain embodiments, the commercial crop comprises a
frutting vegetable. In certain embodiments, the fraiting vegetable comprises pepper, tomato,
ground cherry, tomatillo, okra, or grape. In certain embodiments, the commercial crop comprises
legume or vegetable such as beans. In cortain embodiments, the legume or vegetable such as
beans comprise green beans, snap beans, shell beans, soybeans, dry beans, garbanzo beans, lma
beans, peas, chickpeas, sphit peas, lentils, or peamuis. In certain embodiments, the commercial
crop comprises a pome fruit. o certain embodiments, the pome frutt comprises apple, crabapple,
pear, quince, or mayhaw. In certain embodiments, the commercial crop comprises a root, tuber,
or corm vegetable. In certain emmbodiments, the root, tuber, or corm vegetable comprises carrot,
potato, sweet potato, cassava, beets, ginger, horseradish, radish, ginseng, or turnip. In certam
embodiments, the commercial crop comprises a stone fruit. In certain embodiments, the stone

freit comprises apricot, cherry, nectarine, peach, plum, prune, or strawberry. In certain
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embodiments, the commercial crop comprises a grass. In certain embodiments, the grass
comprises grass for bvestock feed. In certamn embodiments, the grass comprises turf grass. In
certain embodiments, the commercial crop comprises a tree. To certain embodiments, the
commercial crop comprises an evergreen tree. In certain embodiments, the commercial crop

5 comprises a deciduous tree. In cortain embodiments, the commercial crop comprises an herb or

spice. In certain emboduiments, the commercial crop comprises cannabis. In certain erabodiments,
the commercial crop comprises an omamental plant. In certain embodiments, the omamental
plant comprises a flowering plant. a bush, or a shrub. In certain embodiments, the commercial
Crop COMPprises an cnergy or raw material plant. In certain embodiments, the energy or raw

10 material plant comprises com, canola, sugar cane, sunflower, safflower, Jatropha, castor, otl
palm, cocomit, wild flax, Pongam, olive, or flax. In certain embodiments, the commercial crop is
corn. In certain embodimends, the commercial crop is rice. In certain embodiments, the
conumercial crop is sov. In certain embodiments, the commercial crop is wheat, In certain

embodiments, the commercial crop is barley. In certain embodiments, the commercial crop is
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oat. In certain embodiments, the commercial crop is rye. In certamn embodiments, the
commercial crop is sugar cane. In certain embodiments, the coramercial crop s sorghum.
[00204]  In certaim embodiments, provided herein are methods comprising testing a growth
medium, such as soil, and/or plants or one or more components of plants, e.g., one or more plants
growing in the growth medium, to determine one or more charactenistics of the growth medivm,
20 e.g., soil, and/or plants or components of plants, and, if results of the testing indicate, adjusting
the growth medium and/or plants or plant components, for example, adjusting growth medium
such as soil, to modulate one or more of the characteristics determined in the tests, generally to
provide improved conditions for plant growth, growth and colonization of nucrobes applied, ctc.,
in conjunction with one or more applications of a microbial composition, ¢.g., as described
25 heren. In certain embodiments, the makeup and/or application amount of the microbial
composition may be deterouned, at least in part, by results of the tests. The testing may be
performed at any suitable time, e.g., before plants or their seeds or other propagules are
itroduced to the growth medium, and/or at intervals daring a growing season for the plants,
and/or at the end of the growing scason. After each such test, or after some portion of such tests,
30 the growth medm and/or plants or plant pars, such as growth medium, ¢.g.. soil, and/or
microbial composition may be adjusted to modulate one or more of the characteristics
determined in the tests; thus, for a given growing season any suitable number of tests and
adjustments may be performed, eg., atleast 1,2, 3,4, 5,6, 7, 8, 9, or 10, preferably at least 1,
more preferably at least 2, even more preferably at least 3, yet move preferably least 4, still more
35 preferably at least 5. The test or tests may be any suitable test, depending on the characteristic or
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characteristics to be determined. In certain embodiments, content of one or more macromgricnts
is determined, ¢ g, content 1o growth medium, ¢.g., soil and/or plant or component of a plant. In
certain embodiments, content of one or more micronutricnts is detenmined, ¢.g., content in

growth medium, ¢.g., soil and/or plant or component of a plant. In certain embodiments, content

5 ofone or more carbon sources is determined, ¢.g., content in growth medium, ¢.g.. soil and/or

plant or component of a plant. Addtionally or altematively, pH may be determined. In certain
embodiments, one or more macronutrients and/or one or more pucronuirients and/or carbon
sources are applied to the growth medium, e g, soif, and/or to plants at least in part on the results
of one or more tests for nucronutricnts, micronutricnts, and/or carbon sources, respectively.

10 Method of determining macronutnent and micronutrient and carbon source charactenstics are
well-known 10 the art, and any suitable test or tests may be used. Thus, in certain embodiments,
provided herein is a method comprising applying to a plant growth mediom (a) a plurality of
nucrobes; (b} one or more macronutrients and/or (¢} one or mare micronutricnts and/or {d) one or

more carbon sources, wherein a composition and/or effective amount of (a), (b}, (¢} and/or (d} is
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determined at least in pasrt by one or more results of a first test on one or more samples
comprising growth medium to which the plurality of microbes is to be applied or has been
apphied and/or a component of a plant or plants growing in the growth medium. In certain
embodiments the plants are not cannabis. The plants may be any suttable plants or class of plants,
such as described in Section LB 10, In certain cmabodiments, the growth medium comprises soil.
20 In certamn embodiments, the composition and/or effective amount of €a), (b}, {c¢) and/or {d} 1s
further determined, at least in part, by a tvpe of plant or plants in the growth medium. In certain
embodiments, composition and/or effective amount of (b) and/or {¢) and/or (d) is determined; in
certain of these embodiments the composition and/or effective amount of (a) 15 not deterouned
by test results and/or type of plants in growth medium. In certain embodiments the plurality of
25 microbes is applied to the plant growth medium at an amount of at least 1, 2, 3, 10, 20, 30, 40,
30, 60, 70, 80, 80, 100, 123, 1530, 175, 200, 250, 300, or 400 and/or not more than 2, 3, 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 123, 150, 175, 200, 230, 300, 400, or 500 g microbes/acre, for
example 5-5-500 or 5-200 or 5-100 or 5-50 g/acre, preferably 50-200 g microbes/acre, more
preferably 75-125 g/acre. even more preferably 100 g/acre. In certain embodiments, the plurality
30 of microbes is present at a concentration of at least 10°, 10°, 107, 108, 10°, 10%, 10!, or 102
and/or not more than 10°%, 107, 105, 10%, 10'° 161, 10%2, or 10% cfw/g, for example 10°-108 cfu/g,
preferably 107-10 cfiv/e, more preferably 105-10% cfir/e. In certain embodiments. the plurality
of microbes applied to the plant growth medinm at an amount of at least 10°, 107, 105, 107, 107,
101, 10%2 105, 10 or 10" and/or not more than 107, 108, 10°, 101, 104, 10%2, 10%, 10%, 101
35 or 10%¢ cfiacre, for example 10510 cfivacre, preferably 10510 cfu/acre, more preforably
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10°-10% cfu/acre, even more preferably 101°-1042 cfu/acre. In certain embodiments, the plurality
of maicrobes s applied 2,3, 4, 5,6, 7. 8, 9, or 10 times during a growing season, for example 1-10
tunes, preterably 3-8 times. In certain embodiments, the time between applications is 1 week to |
year. In certain embodiments, the plurality of microbes i applied via irrigation and/or aerial
3 delivery vehicle, for example via irrigation or for example via acrial delivery. In certain
embodiments, macronutricnts comprise anunonium, nitraie, phosphate, potassium, sodium,
calcin, magnesiam, or a combination thereof. In certamn embodiments, an amount of nitrate in
the growth medium is determined and compared to a preferred range of nitrate in the plant
erowth medium and the plant growth medium is treated such that the plant growth medium
10 comprises an amount of nitrate within the preferred range or closer 1o the preferred range afier
treatment. In certain embodiments the preferred range of nitrate comprises at feast 10, 20, 25, 30,
35,40, 45,50, 55, 60,65, 70, 75, 80, 85, 90, 100, 1106, 120, 130, or 140 and/or not more than 20,
23,30, 33, 40,45 50,55, 60, 65, 70, 75, 80, 85, 90, 100, 110, 120, 130, 140, or 150 bs/acre,

preferably 35-90 lhs/acre. In certain embodiments, an amount of phosphate in the growth
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medium is determined and compared to a preferred range of phosphate in the plant growth
medium and the plant growth medium 1s treated such that the plant growth medium comprises an
amount of phosphate within the preferred range or closer to the preferred range after treatment.
In certain embodiments the preferred range of phosphate comprises at least 10, 20, 30, 40, 50, 55,
60, 63,70, 75, 80, 83, 90, 95, 100, 110, 120, 130, or 140 and/or not more than 20, 30, 40, 50, 53,
20 60, 65,70, 75, 80, 85, 90, 93, 100, 110, 120, 130, 140, or 156 The/acre, preferably 50-100
Ibs/acre. In certain embodiments, an amount of potassium o the growth medunn is determined
and compared to a preferred range of potassium in the plant growth medium and the plant growth
medin 1s treated such that the plant growth medium comprises an amount of potassium within
the preferred range or closer to the preferred range after treatment. In certaim embodiments the
25 preferred range of potassiom comprises at least 10, 20, 30, 40, 30, 55, 60, 65, 70, 75, 80, 85, 94,
93, 100, 110, 120, 130, or 140 and/or not more than 20, 30, 40, 50, 55, 60, 65, 70, 75, 80, 83, 90,
95, 100, 110, 120, 130, 140, or 150 Ibs/acre, preferably 75-100 Ibs/acre. In certain embodiments,
an amount of calcium in the growth medium 18 determined and compared to a preferred range of
calcium in the plant growth medium and the plant growth medium is treated such that the plant
30 growth medium comprises an amount of calcium within the preferred range or closer to the
preferred range after treatment. In certain embodiments, the preferred range of calcium
comprises at least 10, 20, 30, 40, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, or 140
and/or not more than 20, 30, 40, 50, 353, 60, 63, 70, 78, 80, 85, 90, 95, 100, 110, 120, 130, 140, or
150 Ibs/acre, preferably 60-120 Ihs/acre. In certain embodiments, an amount of magnesium in the

35 growth medivm is determined and compared to a preferred range of magnesium in the plant
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growth medium and the plant growth medium ts treated such that the plant growth medium
comprises an amount of magnesium within the preferred range or closer to the preforred range
aficr treatment. In cortain embodiments the preferred range of magnesium comprises at least 5,
10, 11, 12, 13, 14, 15,16, 17, 18, 15, 20, 30, or 40 and/or not more than 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 30, 40, 50 lbs/acre, proferably 13-20 lbs/acre. In cortain embodiments, an
amount of sodium i the growth medium 1s determined and compared to a preferred range of
sodium m the plant growth medium and the plant growth medium s treated such that the plant
growth medivm comprises an amount of sodium within the preferred range or closer to the
preferred range after treatment. In certain embodiments, the preferred range of sodivm comprises
no more than 300, 400, 300, 200, 150, 100, 90, 80, 70, 60, 50, 40, 30, 20, or 10 tbs/acre,
preferably no more than 100 Ibs/acre. In certain embodiments nucronutrients comprise zing, iron,
manganese, copper, cobalt, molybdenum, selentum, nickel, boron, silicon, ahminum, chloride,
or a combination thereof. In certain ermbodiments the plant growth medium is treated to adjust
the amount of one or more of the micronatrients. In certain embodiments, the plant growth
medium is treated with a composition comprising sca minerals. The method may comprise
testing the growth medium for amount and/or type of carbon source. In certain embodiments the
growth medium 1s treated to provide one or more carbon sources, in certain cases based, at least
in part, on results of the test. In certain embodiments, the carbon source comprises humates or
humic acid. Additionally or alternatively the carbon source comprises fulvic acid. The method
may comprise applying fertilizer, compost, or the like to the plant growth medium. In certain
embodiments the method further comprises performing a second test on the plant growth
medim to provide a second result comprising an amount of one or more microbes in the
plurality of microbe after application to the plant growth medium. In certain embodunents the
test comprises determining whether or not, or to what extent, the microbes have grown in the soil
and/or on the plants. In certain embodiments the method compnises performing a third teston a
sample comprising a plant component to provide a third result. In certain embodiments the plant
component comprises sap, a feaf, a petiole, a root, a flower, or a fruit, for example, a petiole. Fin
certain embodiments, the method comprises applying an effective composition and/or amount of
one or more amendments to the plant growth mediwum and/or plant, wherein the effective
composttion and/or amount of one or more amendments is detenmined at least m part by the thud
result. In certain emnbodiments, the effective composition and/or amount of one or more
amendments is applied to the plant growth medium and/or plant via a foliar spray or trrigation. In
certain embodiments the method comprises performing a fourth test for carbon content of soil to
provide a fourth result. In certain embodiments a fifth test on the plant growth medivm to

provide a fifth result, for example, at the end of the growing season or other suitable time. In
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certain embodiments, the fifth compriscs a carbon content test. In certain embodiments the
method furtber comprises performing a pathogen analysis, a toxin analysis, a water analysis, a
soil bulk density tost, a soil water content test, or a combination thereof. In certain embodiments
a plant i the plant growth medium and/or the growth medium, e.g., soil, exhibits one or more
tmproved propertics as compared to reference plant and/or growth medium, ¢.g., sotl, wherein
the mproved properties comprise: (i} reduced water consumption; {11} increased sotl water holding
capacity; (111} improved soil densityi(iv) increased soil carbon content;{v) increased rate of soil
carbon content increase;{vi} increased density of beneficial microbes in soil;(vil} increased vield;
amount is further determined at least in part by one or more desired results, a duration for {o
achieve the desired results, and/or a type of cultivation practice to be used to cultivate one or
more plant in the plant growth medium. In certain embodiments, at least 20, 40, 50, 60, 70, 80,
90, 95, 97 98, 99 or 100% of the microbes 1 the plurality of microbes are Strepfomuces. In
certain embodiments, the phirality of microbes comprises one or more strains of mycorthizae. In
certain embodiments the plarality of microbes comprises a microbial composition as provided
herein. In certain embodiments, one or more COMpPOSIIONS COMPTISING ONC OF MOTS
macronutrients or substance effective to change soil content and/or plant content of one or more
macronutrients, and/or one or more micronutrients or substance effective to change soil content
and/or plant content of one or more micronutrients, and/or one or more carbon sources, is
provided based, at least in part, on the testing described herein, and used 1o treat the growth
medium and/or plants. In certain embodiments the composition comprises sca minerals. In
certain embodiments the composition comprises humates, humie acid, or falvic acid.

{00205]  In cortain embodiments, a composition is applied to soil and/or plants by means of a
portable, refillable apparatus comprising a tank fo hold the composition and a system for
sprayving the composition from the tank to the soil and/or plants. The weight of the apparatus is
such that, when full, it can be carmed and utilized by one person, e.g., not more than 80, 790, 60,

50, 40, 30, or 20 pounds when full.

2. Contacting with sced, scedling, or other plant propagule

[00206]  In certain embodiments, provided herein is a method comprising contacting a surface
of a seed, scedling, or other plant propagule with a microbial composition, such as a microbial
composition as disclosed herein, ¢.g., comprising bacteria and/or fungi, such as compositions
described herein, including but not hmited to, in sections LB.1-6, for example section LB .1, or
LB.S, or LB.6., or a derivative produced from the composition. The method resulis in one or

more microbes of the microbial composition associated with the seed, seedling, or other plant
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propagule, ¢.g., 1o produce sceds, scedhings, or other plant propaguies associated with one or
more microbes as described herein, for example, with microbes on the surface and/or within
pores of the seed, seedling, or other plant propagule, or otherwise associated n such a way as to
maintain contact or proximity to the seed, seedling, or other plant propaguele wntil use of same,
¢.g., planting of same. Aay suitable method for associating one or more microbes with seeds,
seedlings, or other plant propagules may be used, such as one or more methods known in the art.
Methods mclude, but are not imited to, spraving, immersing, coating, encapsulating, or dusting
the seed, seedling, or other plant propagule, or portion thereof, with the composition or derivative
of the composition. In certain embodiments, a derivative of a microbial composition is used that
both associates microbes with the seeds, seedlings, or other plant propagules and protects
microbes that associate with the seeds, seedlings, or other plant propagules from the
environment, e.g.. to enhance stability until such time as sceds arc used. Any suitable derivative
may be used, such as a derivative that comprises clay. In certain embodiments, the seed,
seedling, or other plant propagule 1s coated with and/or comprises within pores of the seed,
seedling, or other plant propagule at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 95, or
9G%, or 100%, for example at least 10%, preferably at least 20%, more preferably at least 30%,
even more preferably at least 40%, yet more preferably at least 609, still more preferably at least
80% of different microbes of the composition. In certain embodiments, the method comprises
contacting the surface of a seed with the composition. In certain embodiments, at feast 10, 15, 20,
23, 30, 35, 40, 45, 50, 60, 70, 80, 90, 95, or 99%, or 100%, for example at least 10%, preferably
at least 209, more preferably at least 30%, even more preferably at least 40%, yet more
preferably at least 60%, still more preferably at feast 80% of the microbes are heterologous to the
sced, scedling, or other plant propagule and/or to cach other. In certain embodiments, the method
comprises contacting the surface of the seed, seedling, or other plant propagule with at least 10,
50, 100, 150, 200, 300, 400, 300, 700, 1000, 2000, 5000, 10,000, 30,000, or 100,000 CFUS of
the microbes of the composition or dertvative, for example at least 10, preferably at least 30,
more preferably at least 100, even more preferably at least 200, vet more preferably at least 500,
still more preferably at least 1000, In certain embodiments, the method further comprises placing
the treated seeds, scedlings, or other plant propagules in soil and exposing it to suitable
conditions for growth. In certatn embodiments, the method further comprises applyving one or
more soil amendments to the soil. In certain embodiments, the soil amendments comprise one or
more minerals and/or one or more carbon sources for the microbes. In certain embodiments, a
content of the soil amendioent is deternuned at least in part by one or maore results of one or more
analyses of the soil in which the plant grows or will grow. Suitable analyses and amendment may

be by methods described heremn. In certain embodiments, the method further comprises growing
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the plant 1 the soil. The seeds, seedlings, or plant propagules may be of any suaitable plant or
class of plants, such as those described m section B 10, In cortain embodiments, the seeds,
scedling, or other plant propagules comprise seeds, scedhings, or other plant propagules of grass
or trees. In certain embodiments, the seeds, seedling, or other plant propagules comprise grass
5 sceds. In certain embodiments, the grass seeds comprise turf sceds. fn certain embodiments, the
grass sceds comprise grassland seeds. o certain embodiments, the seeds, seedlimg, or other plant
propagules comprise seeds, seedlings, or other plant propagules of trees. In certain embodiments,
the seeds, seedlings, or other plant propagules of trees comprise tree seeds. In cortain
embodiments, the seeds. scedlings. or other plant propagules of trees comprise tree seedlings. In
10 certain embodiments, the seeds, seedling, or other plant propagules comprise seeds, seedhings, or
other plant propagules of commercial crops. In certain embodiments, the commercial crop
comprises a cereal crop. In certain embodiments, the cereal crop comprises corm, sweet corn,
popeom, seed corn, silage com, ficld com, rice, wheat, barlev, or sorghum. In certain

embodiments, the commercial crop comprises a berry. In certain embodiments, the berry
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comprises blucberry, blackberry, raspberry, loganberry, huckleberry, cranberry, gooseberry,
elderberry, currant, cancberry, or bushberry, In certain ernbodiments, the commercial crop
comprises an oifseed plant. In certain embodiments, the oilseed plant canola, castor, coconut,
cotton, flax, oil palm, olive, peanut, rapeseed, saffiower, sesame, sunflower, or soybean. In
certain embodiments, the comuercial crop comprises a tree nut. {n cortain cmbodiments, the tree
20 nut compnses almond, pistachio, pecan, walnut, filberts, chestnut, cashew, beechnut, butternut,
or macadamia. In certam embodiments, the commeraal crop comprises a brassica vegetable. In
certain embodiments, the brassica vegetable comprises broccoli, cabbage, cauliflower, brussels
sprouts, collards, kale, mustard greens, or kohirabt. In certain embodiments, the conunercial crop
comprises a cucurbit vegetable. In certain embodiments, the cucurbit vegetable comprises
25 cucumber, cantaloupe, melon, meskmelon, squash, watermelon, pumpkin, or egeplant. In certain
embodiments, the commereial crop comprises a bulh vegetable. Inn cortain embodiments, the bulb
vegetable comprises onion, gardic, or shallots. In certain embodiments, the commercial crop
comprises citrus. In certain embodiments, the citros comprises orange, grapefrait, lemon,
tangerine, tangelo, or pummelo. In certain embodiments, the commercial crop comprises a
30 fruiting vegetable. In certain embodiments, the fruiting vegetable comprises pepper, tomato,
ground cherry, tomatillo, okra, or grape. In certain embodiments, the conumercial crop comprises
legume or vegetable such as beans. In certain embodiments, the legume or vegetable such as
beans comprise green beans, snap beans, shell beans, sovbeans, dry beans, garbanzo beans, lima
beans, peas, chickpeas, split peas, lentils, or peanuts. In certain embodiments, the commercial

35 crop comprises a pome fruit. In certain embodiments, the pome fruit comprises apple, crabapple,
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pear, quince, or mayhaw. In certain embodiments, the commercial crop comprises a root, tuber,
or comm vegetable. In certain embodiments, the root, tuber, or corm vegetable comprises carrot,
potato, sweet potato, cassava, beets, ginger, horseradish, radish, ginseng, or turmip. In cerain
embodiments, the commercial crop comprises a stone fruit. In certain embodiments, the stone
5 fruit comprises apricot, cherry, nectarine, peach, plam, prune, or strawberry. lir cortain
embodiments, the commercial crop comprises a grass. In certain emobodiments, the grass
comprises grass for hvestock feed. In certain embodiments, the grass compnises tarf grass, In
certain embodiments, the commercial crop comprises a tree. In certain embodiments, the
commercial crop comprises an evergreen tree. In certain embodiments, the commercial crop
10 comprises a deciduous tree. In certain embodiments, the commercial crop comprises an herb or
spice. In certain embodiments, the commercial crop comprises cannabis. In certain embodiments,
the commercial crop comprises an omamental plant. In certain cases, the plants are a commercial
crop. In certam embodiments, the commercial crop 15 com. In certain embodiments, the

commercial crop is rice. In certain embodiments, the commercial crop is soy. In certain
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embodiments, the commercial crop is wheat. In certain embodiments, the commercial crop is
bardey. In cortamn ernbodiments, the commercial crop is cat. In certain embodiments, the
commercial crop is rye. In certain embodiments, the commercial crop s sugar cane. In certamn
embodiments, the commercial crop is sorghumin certain embodiments, the ormnamental plant
comprises a flowering plant, a bush, or a shrub. In cortain embodunents, the commercial crop
20 comprises an energy or raw material plant. In certain embodiments, the energy or raw material
plant comprises com, canola, sugar cane, sunflower, safflower, Jatropha, castor, o1l palm,

coconut, wild flax, Pongam, olive, or flax.

3. Contacting with a population of seeds, seedlings, or other plant propagules

[002077  In certain embodiments, provided herein is a method comprising contacting surfaces

N
L

of a populations of seeds, scedlings, or other plant propagules with a microbial composition such
as a microbial composttion as disclosed herein, ¢.g., comprising bacteria and/or fungi, such as
compositions described herein, including but not limited to, inn sections 1B.1-6, for example
section EB.1, or LB.5, or LB.6., or a derivative produced from the composition. The method
results in one or more microbes of the microbial composition associated with the seeds,

30 seedlings, or other plant propaguies, e.g., to produce a population seeds, seedlings, or other plant
propagules associated with one or more microbes as deseribed herein, for example, with
microbes on the surface and/or within pores of the seeds, seedlings, or other plant propagules, or
otherwise associated in such a way as to maintain contact or proximity to the seeds, seedlings, or

other plant propagules until use of same, ¢.g., planting of same. Any suitable method for
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associating one or more microbes with seeds, seedlings, or other plant propagules may be used,
such as one or more methods known n the art. Methods mclude, but are not limited to, spraving,
inunersing, coating, encapsulating, or dusting the sceds, scedlings, or other plant propagules, or
portion thereof, with the composition or derivative of the composition. In certain embodiments, a
derivative of a microbial composition is used that both associates microbes with the secds,
seedlings, or other plant propagules and protects microbes that associate with the sceds,
seedlings, or other plant propagules from the environment, ¢.g., to enhance stability until such
time as seeds arc used. Any suitable derivative may be used. such as a derivative that comprises
clay. In certain embodiments, individual seeds, seedlings, or other plant propagules of the
population are coated with and/or comprise within pores of the seeds, scedlings, or other plant
propagules at least 10, 15, 20, 25, 30, 33, 40, 45, 50, 60, 70, 80, 90, 95, or 99%, or 100%, for
example at least 10%, preferably at least 20%, more preferably at least 30%, even more
preferably at least 40%, vot more preferably at least 60%, still more preferably at least 80% of
the different microbes of the composition. In certain embodiments, at least S0, 60, 70, 80, 90, 95,
or 99%, or 100%, of the different microbes in the composition are present in the population of
seeds, seedlings, or other plant propagules of the population, for example at least 50, preferably
at least 60, more preferably at least 80, even more preferably at least 90, vet more preferably at
least 95, still more preferably at least 99, and even still more preferably 100%. In certain
embodiments, at least at least 10, 15, 20, 25, 30, 35, 40, 45, 530, 60, 70, 80, 90, 95, or 99%, or
100%, for example at least 10%, preferably at least 20%, more preferably at least 30%, even
more preferably at least 40%, vet more preferably at least 60%, still more preferably at least 809
of the different microbes of the composition is heterologous to the seeds, scedlings, or other plant
propagule preferably at least |, preferably at least 5, more preferably at least 10, even more
preferably at least 20, vet more preferably at least 30, still more preferably at least 40, In certain
embodiments, the population comprises at least 100, 500, 1000, 5000, 10,000, 50,000, 100,000,
200,000, 300,000, or 1M seeds, scedlings, or other plant propagules. In certain embodiments, the
method comprises contacting the population of seeds, seedlings, or other plant propagules with a
sufficient quantity of the composition or dertvative so that each seed, seedling, or other plant
propagule is contacted with at least 10, 50, 100, 150, 200, 300, 400, 300, 700, 1004, 2000, 5000,
16,000, 50,000, or 100,000 CFUS of the microbes of the composition or derivative, for example
at least 10, preferably at least 50, more preferably at least 100, even more preferably at least 200,
yet more proferably at least 500, still more preferably at least 1000, In certain embodiments, the
method further corprises placing the seeds, seedlings, or other plant propagules in soil and
exposing them to suitable conditions for growth. In certain embodiments, the method further

comprises applying one or more soil amendments to the soil. Suitable analyses and amendment
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may be by methods described hersin. In certain embodiments, the soil amendments comprise one
or more mmnerals and/or one or more carbon sources for the microbes. In certain embodiments, a
content of the soil amendment is determined at least in part by one or more results of one or more
analyses of the soil in which the plants grow or will grow. In certain embodiments, the method
further comprises growing the plant in the soil. In cortain embodiments, at least 10, 20, 30, 40,
50, 60, 70, 80, 90, 95, or 99%, or 100%, of the microbes of the composition colonize roots of the
plants, for example at least 10, preferably at least 20, more preferably at least 40, vet more
preferably at least 60, still more preferably at least 80%. The sceds, seedlings. or other plant
propagules may be of any suitable plant or class of plant, such as those described i Section
B.10. In certain embodiments, the seeds, scedling, or other plant propagules comprise seeds,
scedlings, or other plant propagules of grass or trees. In certain embodiments, the seeds, seedling,
or other plant propagules comprise grass seeds. In certain embodiments, the grass seeds comprise
turf seeds. In certain embodiments, the seeds, scedlings, or other plant propagules comprise
seeds, seedlings, or other plant propagules of trees. In certain embodiments, the seeds, seedlings,
or other plant propagules comprise tree seeds. In embodiment 578 provided herein s the method
of embodiment 576 comprising tree seedhings. In cortain embodiments, the seeds, seedlings, or
other plant propagules comprise sceds, scedlings, or other plant propagules of commereial crops.
In certain embodiments, the commercial crop comprises a cereal erop. In certain embodiments,
the cercal crop comprises com, sweet corn, popeorm, seed corn, silage com, field com, rice,
wheat, barley, or sorghum. In certain embodiments, the commercial erop comprises a berry. In
certain embodiments, the berry comprises blueberry, blackberry, raspberry, loganberry,
huckleberry, cranberry, gooseberry, elderberry, currant, caneberry, or bushberry. In certain
embodiments, the commercial crop comprises an oilsced plant. In cortain embodiments, the
oilseed plant canola, castor, coconut, cotion, Hlax, oil palm, olive, peanut, rapeseed, safflower,
sesame, sunflower, or soybean. In certain embodiments, the commercial crop comprises a tree
nut. In certain embodiments, the tree nut comprises almond, pistachio, pecan, walout, filberts,
chestnut, cashew, beechnut, butternut, or macadanua. fo certain embodiments, the commercial
crop comprises a brassica vegetable. In certain embodiments, the brassica vegetable comprises
broceoli, cabbage, cauliflower, brassels sprouts, collards, kale, mustard greens, or koblrabt. In
certain embodiments, the commercial crop comprises a cucurbit vegetable. In cortain
embodiments, the cucurbit vegetable compnses cucumber, cantaloupe, melon, muskmelon,
squash, watermelon, pumpkin, or eggplant. In certain embodiments, the commercial crop
comprises a bulb vegetable. In certain embodiments, the bulb vegetable comprises onton, garlie,
or shallots. In certain embodiments, the commercial crop comprises eitrus. In certain

embodiments, the citras comprises orange, grapefrnt, lemon, tangerine, tangelo, or pummelo. In
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cerfain embodiments, the commercial crop comprises a fruiting vegetable. In certain
embodiments, the frutting vegetable comprises pepper, tomato, ground cherry, tomatillo, okra, or
grape. In certain erabodiments, the commercial crop comprises legume or vegetable such as
beans. In certain embodiments, the legume or vegetable such as beans comprise green beans,
snap beans, shell beans, soybeans, dry beans, garbanzo beans, lima beans, peas, chickpeas, split
peas, lentils, or peanuts. Tn certain embodiments, the commercial crop comprises a porae fruit. In
certain embodiments, the pome fruit comprises apple, crabapple, pear, quince, or mayhaw. In
certain embodiments, the commercial crop comprises a root, tuber, or com vegetable. In certain
embodiments, the root, tuber, or corm vegetable comprises carrot, potato, sweet potato, cassava,
beets, ginger, horseradish, radish, ginseng, or turmp. In certain embodiments, the commercial
crop comprises a stone froit. In certain embodiments, the stone fruit comprises apricot, cherry,
nectanne, peach, plum, pruse, or strawberry. In certain embodiments, the commercial crop
comprises a grass. In certain cmbodiments, the grass comprises grass for livestock feed. In
certain embodiments, the grass comprises turf grass. In certain embodiments, the commercial
crop comprises a tree. In certain embodiments, the commercial crop comprises an evergreen free.
In certain emboduments, the conumercial crop comprises a deciduous tree. In certan
embodiments, the commereial crop comprises an herb or spice. In cortamn embodiments, the
commercial crop comprises cannabis. In certain embodiments, the commercial crop comprises an
omamental plant. In certain embodiments, the ornamental plant comprises a flowering plant, a
bush, or a shrub. In certain embodiments, the commercial crop comprises an energy or raw
material plant. In certain embodiments, the energy or raw material plant comprises com, canola,
sugar cane, sunflower, saffiower, Jatropha, castor, oif palm, coconut, wild flax, Pongam, olive, or
flax. In certain embodiments, the commercial crop is com. In cerfain embodiments, the
commercial crop 1s rice. In cerfain embodiments, the commercial crop 1s soy. In certain
embodiments, the commercial crop is wheat. In certain embodiments, the commercial crop is
barley. In certain embodiments, the commercial crop is cat. In certain embodiments, the
commercial crop is rve. In certain embodiments, the commercial crop is sugar cane. In certain

embodiments, the commercial crop is sorgham

4. Aerial application

[00208]  In certain embodiments, provided herein 1s a method comprising applyving a
composition comprising a plurality of microbes to an arca comprising soil by aernial application.
Any suitable composition may be used, such as a microbial composition as disclosed herein, eg.,
comprising bacteria and/or fungi, such as compositions desenibed herein, mchuding but not

limited to, in sections [B.1-6, for example section LB.1, or IB 3, or LB.6., or adenvative
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thereof. Such methods are especially useful when a composition is applied to large areas of land,
e¢.g., grasslands or forests, or any application where acrial application is desired or advantageous.
The composition comprising a plurality of microbes may be any suitable composition. In cortain
embodiments, the composition comprising a plurality of microbes is a composition comprising a
plurality of microbes disclosed herein, or a derivative produced from the composition, to an arca
comprising soil by acrial application. In certain embodiments, the composttion comprises a
delayed release composition. In certain embodinents, the area further comprises plants growing
in the soil. In certain embodiments, the plants comprise grasses or trees. In certain embodiments,
the plants comprise grasses. In certain embodiments, the plants comprise trees. In cortain
embodiments, the area 1s a grassland. In certain embodiments, the area is a forest. In certamn
embodiments, the arca comprising soil is a degraded soid ecosystem. In certain embodiments, the
arca comprising soil is a deforested area. In certain embodiments, the arca comprising soil is a
forested arca. In certain embodiments, the area coroprising soil is a rangeland for bvestock
grazing. In certain embodiments, the area comprising soil is an agricultural land. In certain
embodiments, the aerial application is by unmanned acnal delivery vehicle. In certamn
embodiments, the acrial application comprises at least 2, 3. 4, 5, 19, 15, 20, 30, 40, 50, 70, 100,
200, 500, or 1000 scparate applications by the unmanned acnial delivery vehicle, for example at
least 2, preferably at least 5, more preferably at least 10, even more preferably at least 50, vet
more preferably at least 100, stili more preferably at feast 300, In cortain embodiments, cach of
the separate applications is to a part of the area at least a portion of which is different from a part
of the area of the other applications. In certain emboduments, the application is by a plurality of
unmanned acrial delivery devices. In certain embodiments, the plorality comprises at feast 2, 3,
4,5, 16, 15,20, 30, 40, 50, 70, 100, 200, 500, or 1000 wwwanned aerial delivery vehicles, for
example at least 2, preferably at least 5, more preferably at least 10, even more preferably at least
50, vet more preferably at least 100, still more preferably at least 500. In certain embodiments,
the unmanned aerial vehicles are drones. In certain embodiments, manned aenal vehicles are
used, ¢.g., m the same nurabers as for unmanned. In certain embodiments, a combmnation of
manned and unmanned aenal vehicles 1s ased, which can be any suitable combination. In certain
embodiments, the composition or derivative produced from the composition is applied over an
arca of at least 10, 100, 10600, 10,000, 100,000, 1M, 10M, 100M, or 1B hectarcs, for example at
least 10, preferably at least 100, more preferably at least 10,000, even more preferably at least
IM, yet more preferably at least 10M, still more preferably at least 100M. In certain
embodiments, the method further comprises applving one or more soil amendments to the soil. In
certain embodiments, the soil amendments comprise one or more minerals and/or one or more

carbon sources for the microbes. In certain embodiments, the method further comprises
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determining a carbon content of soil of the arca before the application or applications. In certain
embodiments, the method further comprises determuning a carbon contertt of sodl of the arca after

the application or applications.

5. Carbon

[80209]  Provided herein are methods and compositions associated with increasing carbon
content of soil and/or plants growing in soil by a method that mcludes applving a microbial
composition or derivative thereof to the soil, such as a microbial composition as disclosed herein,
¢.g., comprising bacteria and/or fungi, such as compositions described herein, ncluding but not
limited to, n sections 1.B.1-6, for example section EB.1, or LB .S, or 1B.6., or a denvative
thereof. The microbial composition or derivative may be applied directly to the soil, ¢.g., as part
ot a liquid or solid composition. In cortain cases, a maicrobial composition is considered “applied
0" the soil 1f seeds, seedhings, or other plant propagules comprising the microbial composition
are applied to soil and allowed to grow. Such treatment can alter the characteristics of the soil
and plants growing 1u the soil so that more carbon ts moved from the atmosphere wto the soil
and/or plants than would occur without application of the microbial composition or denvative
thereof. In most cases, no other changes, or minimal changes, to soil or plants need be used, e g,
it is not necessary to alter plant type, agricultural practices, or the like, to increase the carbon
content. The methods can reduce or even elummate a carbon footprint for an agricultural
operation, such as coltivation of the commercial or other crops, or raising domesticated antmals,
or even ¢reate a carbon-negative operation. Thus, for exarple, domesticated animal production,
such as livestock production, can be converted from an activity that 1s a significant contributor to
global carbon emissions to one that contributes significantly less carbon, or i3 even carbon
negative. In certain cases, microbial composition or derivative thereof is applied to areas that are
largely or completely uncultivated. In certain cases microbial composition or derivative thereof is
applied fo one or more grasslands, such as one or more grasslands that are largely or completely
uncultivated. In cortain cases microbial composition or derivative thereof, is applied to one or
more forests, such as one or more forests that are largely or completely uncoltivated. In certain
cases, some or all of the land to which nucrobial composition or derivative thereof comprises
damaged soil and/or plant ecosvstem, such as a deforested area. In certain cases, application of
microbial composition or derivative thereof 1s conducted on a large scale, such as treating
hundreds, thousands, tens of thousands, hundreds of thousands, nullions, or even tens of
muilhions, of square muiles. In such cases, enormous amounts of carbon may be removed from the

atmosphere and converted to carbon in the soil and/or plants.
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{00218] The use of microbial compositions or derivatives thereof can confer additional
benefits in addition to increasing removal of carbon from atmosphere to soil and/or plants. These
can include one or more of reduced water use to grow the plants, increased biomass of plants,
increased bioavailability of plant nutrients in soil, ncreased uptake of notrients by the plants,
increased nutrient content of the plants, improvements in soil characteristics, such as density,
water holding capacity, and/or content of beneficial microbes, compared to without use of the
nuecrobial composition or denvative thereof. Thus, it 1s possible for a user to enjoy one or more
economic benetits, including a financial benefit related to the increased conversion of
atmospheric carbon to carbon in soil and/or plants.

[00211]  Thus, in certn embodiments, a method comprises enhancing a rate at which
atmosphernic carbon s converted to carbon products in soii in which plants are grown and/or in
the plants comprising applying a composition comprising one or more microbes to the plants
and/or soil 1o a first application, wheremn the rate 1s greater than that for reference soil and/or
plants wherein the plants are grown without the composition. In certaim embodiments the rate of
conversion of atmospheric carbon to carbon products in soif in which the plants are grown and/or
the plants 1s increased at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200,
224, 250, 300, 350, or 400% and/or not more than 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140,
160, 180, 200, 220, 250, 300, 350, 400 or S00% for example at least 20%, preferably at least
40%, more preferably at least 60%, even more preferably at least 80%, still more preforably at
least 100%, or, for example 10-500%, preferably 20-300%, more preferably 40-400%, even more
preferably 40-35096, vet more preferably 30-300%, still more preferably 60-300%. In certain
embodiments the enhancement of rate of conversion results in an ncrease in soil carbon content
ofatleast 1,2,3,4.5,6,7 8,9, 10, 12, 18, 17, 20, 23, 25, 27, or 30 metric ton

s >

carbon/hectare/vear and/ornot more than 2, 3,4, 5, 6,7, 8,9, 10, 12, 15, 17, 20, 23, 23, 27, 30,
35, 40, 45, or 530 metric ton carbon/hectare/year for example, at least 1, preferably at least 3,
more preferably at least 3, even more preferably at least 10, vet more preferably at least 15, stilf
more preferably at least 20, or for example [-50, preferably 3-40, more preferably 5-40, even
more preferably 10-40, vet more preferably 10-33, still more preferably 10-30 metric ton
carbon/hectare/vear, compared to reference soil. In certain embodiments, the enhancement of rate
of conversion results in an mcrease n soif carbon content of at least 0.5, 2, 3,5, 7, 10, 12, 15, 20,
25, 30, or 35 kg/m and/or not more than 0.5, 2,3, 5, 7, 10, 12, 15, 20, 23, 30, 35 or 40
kg/m®/vear, for example 0.5-44), preferably 2-40, more preferably 5-40. even more preferably 7-
33, yet more preferably 7-30, still more preferably 7-23 kg/m /vear compared to reference sotl.
Plants growing in the soil can include any of the plants described herein, e.g., plants described m
section . B.10 herein. In certain cases, the plants are not cannabis plants. In certain cases, the
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plants are a commercial crop. In certain embodiments, the commercial crop is com. In cerfain
embodiments, the commercial crop is rice. In certain embodiments, the commmercial crop is sov.
In certain cmbodiments, the conumercial crop is wheat. In centain embodiments, the commercial
crop is batley. In certain embodiments, the commercial crop is oat. In certain embodiments, the
commereial crop is rye. In cortain embodiments, the conunercial crop is sugar cane. In certain
embodiments, the commercial crop 1s sorghum. In some cases, the plants are uncultivated plants,
such as plants on pastureland, wild grasslands, or forests. Tn certain cases, the plants are turf
plants, e g, twrf of a sporting surface, such as a golf course. In certain cases, the method further
comprises applying one or maore soil amendments to the soil, ¢ g, as described herein, e, in
some cases, performing one or more tests on soil and/or plants to determine which/how much
amendment to use.

f00212]  In certain embodiments, a method comprises increasing soil carbon content
comprising allowing plants to grow 1 the soil for a period of time, wherein the soil and/or plants
have been treated by (1) applying to the soil in which the plants are grown or will be grown,
and/or the plants, a first application of a composition comprising a phirality of different
microbes; and (11} providing suitable condtions for the plants to grow wn the sod for the period of
time; thereby increasing soil carbon content. In certain embodiments the period of tume 1s at
least 1,2, 3, ordweeksor1,2.3,4,5,6,7,8,9, 10, or 11 monthsor1,2,3,4.5,6,7, 8,9, 10,
11,12, 13, 14, 158, 16, 17, 18, 19, or 20 vears and or not more than 2, 3, or 4 weeksor 1,2, 3, 4

>

5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,

9 s Ve Ty Oy

5,6,7.8,9 10 orlimonthsor1,2.3, 4
or 23 vears, for example | month to 20 years, preferably | month to 10 vears, more preferably 3
months to 5 years, even more preferably 3 months to 2 vears, yet more preferably 3 months o
one vear, still more preferably 4 months to | year. Plants growing 1o the soil can include any of
the plants described herein, ¢.g., plants described in section 1.B.10 herein. In certain cases, the
plants are a commercial crop. In certain embodiments, the commercial crop is corn. In cortamn
embodiments, the commereial crop 1s rice. In certain embodiments, the commercial crop is soy.
In certam erobodiments, the commercial crop s wheat, In certaim embodiments, the coromercial
crop 18 barlev. In certain embodiments, the comumereial crop is oat. In certain embodiments, the
commercial crop is rve. In certain embodiments, the commercial crop is sugar cane. In certain
embodiments, the commercial crop 1s sorghum. In some cases, the plants are uncultivated plants,
such as plants on pastureland, wild grasslands, or forests. In certain cases, the plants are turf
plants, ¢.g., turf of a sporting surface, such as a golf course.
{00213]  In cortain embodiments, a method comprises reducing an overall carbon footprint of
an agricultural operation, wherein the method comprises allowing plants to grow in the soil fora
period of time, wherein the soil and/or plants have been treated by (3) applving t¢ the soil in
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which the plants are grown or will be grown, and/or the plants, a first application of a
composttion comprising a plurality of different mucrobes: and (it} providing suitable conditions
for the plants to grow in the soil for the period of time, and/or using such plants m the operation,
thus reducing the carbon footprint of the operation. In certain embodiments, the agricultural
operation comprises raising a commercial crop, such as a comumercial crop described hercin, for
example 1o Section 1B 10, In cortam cases, the plants are a commercial crop. In certain
embodiments, the commercial crop is com. In certain embodiments, the commercial crop s rice.
In certain embodiments, the commercial crop is soy. In certain embodiments, the commercial
crop is wheat. In certain embodiments, the commercial crop is barfey. In certain cmbodiments,
the commercial crop is cat. In certain embodiments, the commereial crop 1s rve. In certain
embodiments, the commercial crop is sugar cane. In cortain embodiments, the commercial crop
is sorghum.
{00214]  In cortain embodmments, the carbon footprint ts reduced by at least 10, 20, 30, 40, 50,
60, 70, 80, 90, 95, 98, or 99%, or 100%, preferably at least 5%, more preferably at least 109%,
stiil more preferably at least 20%. In certain embodiments, the operation becomes carbon
negative, for example, such that more carbon is removed from the atmosphere by the operation
than is produced. In certaim embodiments, the agricultural operation comprises raising
domesticated ammals. In certain embodiments, provided is a method of reducing an overall
carbon footprint for raising domesticated animals comprising feeding the amimals, and/or
allowing the animals to foed on, plants or parts of plants, wherein the plants have been or are
growing in soil to which has been apphed a composition comprising a plurality of different
microbes, wherein the composition (i) increases carbon dioxide transfer from atmosphere to soil
thus ncreasing carbon content of the sodl, compared to without the composition; (i) increascs
biomass of the plants in a given area, compared to without the composition, so that carbon
produced per unit biomass of plants 1s decreased: and/or (in) increases nutrient density of the
plants, compared to without the composition, so that less biomass of plants is used to produce
given amount of increase i economically valuable attribute of the domesticated ammals ora
combination thereof, thus decreasing overall carbon footprint for raising the domesticated
amimals. In certain embodiments, the carbon footprint is reduced by at least 10, 20, 30, 40, 50,
60, 70, 80, 90, 95, 98, or 99%, or 100%, preferably at least 3%, more preferably at least 10%,
still more preferably at least 20%. Tn certain embodiments, the operation becomes carbon
negative, for example, such that more carbon is removed from the atmosphere by the operation
than s produced. In certain embodiments, the economically valuable atinbute comprises weight
of the animal. In certain embodiments the economically valuable attnbute comprises mutritional
value of a material supplied by the animal. In certain embodiments the economically valuable
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attribute comprises an amount of a product prodaced by the animal. The economically valuable
attribute can comprise increased nutrient denstty of a material or material from the amimal that s
consuwmed by humans, such as meat, organs, milk, or eggs. In cortain embodiments, the increased
mutrient density comprises increased protein content, increased mineral content, increased
3 vitamin content, or a combination thereof. In cortain embodiments the mcreased nutrient density
comprises increased mineral content, wherein mineral content comprises calcium, magnesium,
ron, or a combination thereof. In cortamm embodiments the amimals comprise cattle, bison, goats,
sheep, dairy cows, fowl (such as chickens, geese, and ducks), pigs, and/or horses. In certain
embodiments the animals are cattle. In certain embodiments the plants or parts of plants that the
10 cattle are feed or feed on, for at least part of their growth, comprise grasses. In cerfain
embodiments the grasses comprise pasture or range grasses. In certain embodiments the plants or
parts of plants that the cattle arc feed or feed on, for at least part of their growth comprise grain,
¢.g., corn. In certain ernbodiments at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 96, 97, 98, or

99%, or 100%, of the plants or plant parts which the animals are fed and/or allowed to feed on

[
0

are plants or plant parts from plants have been or are growing in soil to which has been applied
the composition comprising a plurality of microbes. In certain embodiments methane production
from the soi1l mn which the plants have been grown or are growing 1s reduced. Tn certain
embodiments the carbon footprint is reduced at teast 10, 20, 30, 40, 50, 60, 70, 80, 90, or 5%, or
100%, for example, at least 10%, preferably at least 20%. more preforably at least 30%, cven
20 more preferably at least 50%, vet more preferably at least 80%, still more preferably at least
90%.In certain embodiments the raising of the domesticated animals is overall carbon negative.
{00215]  In certain embodiments provided s a method of reducing soil methane production
comprising allowing plants to grow 1 the soil for a pened of time, wherein the soil and/or plants
have been treated by (1) applying to the soil in which the plants are grown or will be grown, the
25 plants, and/or seeds of the plants a first application of a composition comprising a plorality of
different microbes; and (it) providing conditions for the plants to grow n the soil; thereby
mereasing decreasing soil methane production.
[00216]  In certan embodiments provided s a method of obtaining a financial benefit, such as
a carbon credit and/or other credit, comprising allowing plants to grow in an area of soil for a
30 penod of tine, wherein the soil and/or plants have been treated by (1) applying to the soil in
which the plants are grown or will be grown, the plants, and/or seeds of the plants a first
application of a composition comprising a plurality of different microbes; and (i1} providing
conditions for the plants to grow iu the soil; (it} deterraining the increase in soil carbon content

over the pertod of time in the area of soil and/or other characteristic for which a financial benefit
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may be obtained; and (iv} based at least in part on (i1}, obtaining a financial benefit, such as a
carboun credit and/or other credit.
{002171  In cortain embodiments provided is system comprnising (i) a fitst entity that produces,
distributes, or stherwise supplies one or more compositions comprising a pharality of different
5 microbes to one or more sccond cntities(it} the sccond entity, or a plurality of sccond ontitics,
that {a) owns, controls, or otherwise has rights to land in an area of land on which plands grow
and {b) uscs the one or more compositions in a manner that comprises applying the one or more
compositions to the plants, plant parts, seed of the plants, and/or soil in which the plants grow,
whereby one or more econonic benefits, attributable in whole or in part, to the use of the one or
10 more compositions, are achieved for the second entity or each of the plurality of second entities,
wherein the area of land at least 1000, 10,000, 100,000, 1M, 10M, 30M, 100M, 230M, or 300M
hectares and/or not more than 10,000, 100,000, IM, 10M, 50M, 100M, 230M, 500M, or 1B
hectares, for example 1000 to 1B, preferably 10,000 1o 1B, more preferably 100,000 to 1B, even

more preferably 1M to 1B hectares, yet more preferably 10M to 1B hectares, still more

[
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preferably 50M to 1B hectares; (it} an agreement between the first and second entities or between
the first entity and each of the plurality of second entities that delineates an apportionment of the
economic benefits between the first and second entities or between the first entity and cach of the
plurality of second entities; and (iv} a processor that receives information regarding the
agreement and information regarding the one or more economic benefits, determines an
20 apportionment between the first and second entifies or between the first entity and each of the
plurality of second entities and communicates information comprising the apportionment to the
first and/or second entities. In certain embodiments the second entity comprises a governmental
entity. In certain embodiments the sccond entity comprises a private entity. fu certain
embodiments the svstem comprises a plurality of second entities wherein the plurality of second
25 entities comprises at least 5, 10, 20, 50, 70, 100, 150, 200, 250, 500, 1000, 5000, 10,000, or
50,000 entities and/or not more than 10, 20, 50, 70, 100, 150, 200, 250G, 500, 1000, 5000, 10,000,
50,000, or 100,000 entities. In certain erobodiments at feast 10, 20, 30, 30, 76, 80, 90, 95, or 99%
of the second entitics are private farming entities. In certain embodiments the economic benefit
comprises a carbon credit based, at least in part, on an increase of carbon m the soil. In certain
30 emboduments the economic benefit comprises a financial bevefit attributable to the plants. Io
certain embodiments the financial benefit comprises payment for the plants or parts of the plants.
In certain ermnbodiments the financial benefit comprises obtaining a firther carbon credit for
carbon stored m the plants. In certam erabodiments the plants are trees. In certain embodiments

the financial benefit comprises a financial benefit realized from animals that eat the plants.
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{08218]  Auny suitable microbial composition may be used in the methods of this section, such
as a composition comprsing a plurality of different microbes. In certain embodiments a
microbial composition as described herein is used, such as a composition comprising bacteria
and/or fungi, , such as compositions described heretn, including but not limited to, in sections
IB.1-6, for example section LB |, or IB.3, or LB.6, or a dernivative produced from the
composition. Any suitable protocol may be used to apply the mucrobial composition or derivative
thereof, such as the methods desenbed heremn, ¢.g., methods mcluding more than one apphication
of a microbial composttion or derivative thereof. In certain embodiments, a delayed-release
composition is used. In cortain embodiments, aerial delivery, ¢.g., by one or more unmanned
vehicles is used, for example as described heren.
[002198]  Any suitable area of land may be used. In certain embodiments, an area is at least
1000, 10,000, 100,600, 1M, 10M, 30M, 100M, 230M, or 300M hectares and/or not more than
10,000, 100,000, M, 10M, 50M, 100M, 250M, 300M, or 1B hectares, for example 1000 10 1B,
preferably 10,000 to 1B, more preforably 100,000 to 1B, even more preferably 1M to 1B
hectares, yet more preferably 10M to 1B hectares, still more preferably S0M to 1B hectarcs.
{06220  In certain embodiments, a method comprises increasing total soil carbon. Additionally
or alternatively in certain embodiments, a method comprises increasmg total soif organc carbon.
Additionally or alternatively, in certain embodiments, a method comprises increasing total soil
inorganic carbon. Additionally or altematively, in certain embodiments, a method comprises
increasing mineral-associated organic material {(matter) (MAOM). Additionally or alternatively,
m certain embodiments, a method comprises mcreasing particulate organic matenal (matter)
(POM}. Additionally or alternatively, in certain embodiments, a method comprises increasing
microbial necromass. Additionally or alternatively, 1o certain ombodiments, a method comprises
increasing soil aggregates. Additionally or alternatively, in certain embodiments, a method
comprises increasing root biomass, or a component of root biomass.
{00221 The method may also include increasing carbon content of the plants, i.¢., above-
ground portions of the plants. Plants of the reethods may jnclude any suitable plants, such as one
or more of those described 1n Section 1B 10,
{002221  In certain embodiments, the method further comprises improving one or more soil
charactentstics and/or characteristics of plant cultivation. In certain ermbodiments, the method
further comprises improving sotl density. Altemnatively or additionally, i certain embodiments,
the method further comprises mcreasing plant biomass. Alternatively or additionally, in certain
embodiments, the method further comprises decreasing water use to grow the plants,
Alternatively or additionally, in certain embodiments, the method further comprises increasing
water holding capacity of the soil. Alternatively or additionally, in certain embodiments, the
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method further comprises increasing nutrient uptake of the plants from the scil. Alternatively or
additionally, in certain embodiments, the method further comprises increasing nutrient content of
the plants or parts of the plants. Altermatively or additionally, in certain embodiments, the
method further comprises increasing content of beneficial microbes in the soil and/or on the
plants or plant parts. Altematively or additionally, in cortain embodiments, the method further
comprises decreasing use of one or more of herbicides, pesticides, or fertilizers, for example,
svanthetic herbicides, pesticides, or fertilizers to grow the plants. Alteratively or additionally, in
certain embodiments, the method further comprises reducing nitrous oxide, by reduction and/or
omission. Alternatively or additionally. in certain embodiments, the method further comprises
increasing community biodiversity, e.g., increasing microbial biodiversity.
[00223]  In certain embodiments, the method further comprises realizing a financial benefit
from increasing soil carbon or increasing a component of soil carbon. Altematively or
additionally, in certain embaodiments, the method further comprises realizing a financial benefit
from reducing water sse. Alternatively or additionally, 1n certain embodiments, the method
further comprises realizing a financial benefit from reducing mitrous oxide, by redaction and/or
omission. Alternatively or additionally, in certain emboduments, the method further comprises
realizing a financial benefit from increasing community biodiversity, ¢.g., increasing microbial
biodiversity. The financial benefit may comprise, e.g. a credit, such as a carbon eredit, or other
credit assoctated with non-carbon aspects, such as described above.
[00224] Various carbon measurements may be used, alone or 1n combination with
measurements of other charactenstics of soil or carbon pools in soil. If 1t desived to obtain a
carbon credit or other financial benefit based, at least in part, on an increase of soil carbon
content, measurements that conform to those required by the issuing body or other associated
body, or that have been suitably validated against required measurements, are used.
Characteristics measured or calculated from measurements can inchude one or more of total soil
carbon, total organic carbou, total incrganic carbon, plant organic matter (POM), nuneral-
associated organic matter (MAOM]}, root biomass, live microbial mass, microbial necromass,
plant root exudate, and/or scil aggregates. In embodiments in which a value for a charactenistic
for soil and/or plants treated with a microbial composition 1s compared with a value for reference
(untreated) soil and/or plants, typically the same measurenent and analytical techmiques are used
for treated and reference soil. For certain measurements, one or more soif samples are analvzed,
such as one or more core samples, usually taken to a specific depth of soil. Any suitable depth
may be used. In certain embodunents depth 1s at least 5, 10, 15, 20, 30, 40, 30, 60, 70, 80, 90, or
100 cm and/or not more than 16, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100 or 150 cm, preferably 5-
150, more preferably 10-100, still more preferably 20-100 om, such as 10-100 cm. In certain
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embodiments, a sample is taken to the depth of roots of plants growing in the soil. The soil
sample s then analyzed for one or more characteristics. In certain embodiments, one or more
measurements are performed that do not require a soil sample; any suttable techrnique may be
used, for example, measarement by a probe inserted into the sotl, satellite imaging, and/or lidar.

5 For characteristics measured on soil samples or by probe, any suitable number of samples or

measurements may be used; this number may vary according to reporting and validation
requirements or other requirements.

{002251  Total soil carbon may be measured by any suitable technigue. In certain
embodiments, total soil carbon is measured from a soil sample, such as a core sample.

10 Technigues to measure total soil carbon in 4 so1l sample are known in the art. Tn certain
embodiments, total soif carbon is measured by a method that does not require a soil sample, such
as by a probe inserted into soil, and/or by a measuremend taken above ground, such as satelite
unagmg and/or lidar. In certain embodiments a probe 1s used. Any suttable probe may be used so

long as it provides the level of accuracy and precision required for the measarement and/or is

[y
0

approved by a carbon-credit issuing body or other associated body. Probes may measure other
soil characteristics i addition to total carbon, such as one or more of pH, bulk density, soil
organic matter, soil inorganic matter, carbonous soil minerals, nitrate, arnmonia, soil moisture,
microbial biomass, basal respiration rate, fungal/bacterial ratio, water holding capacity, and/or
soil texture. Exemplary probes mclude those available from Soil in Formation {SIF), 9666 Olive
20 Blvd., Suite 625, Saint Lows, Missouri 63132, USA or PES Technologies, Diss, East Anglia,
UK. Plant organic matter {(POM), mineral-associated organic matter (MAOM), live microbial
mass, microbial necromass, plant root exudate, and/or soil aggregates may be measured by any
suitable technigue, such as those known in the art. In certain embodiments, one or more of the
measurements is taken on a soil sample. In certaim embodiments, one or more measurements is
25 taken without requuring a soil sample, e.g.. using a probe. One or more soil characteristics that
can affect stability of carbon in soil, such as stability of one or more carbon pools in soil, may
also he measured. These can include bulk density, soil moisture, soil texture, and/or soil
temperatare. Additionally or altematively, stability of soil aggregates can be measured. In certain
embodiments, one or more of the measurements is taken on a soil sample. In certain
30 embodiments, one or more measurements is taken without requiring a soil sample, e.g., using a
probe, for example, one or more of bulk density, soil moisture, sorl texture and/or soil
temperature; in certain emmbodiments, alf of these characteristics are measured withowt requiring a
soil sample, ¢.g.. by use of a probe. In addition, soil respiration may be measured, either in a soil
sample or without requiring a soil sample, e.g., by probe. In certain embodiments, one or more of

35 the above characteristics are combined to obtain one or more values for carbon in the soil, for
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example, one or more values for carbon of a certain stability, or certain minimal stability, e.g., to

conform with requirements of a carbon-credit issuing body or associated body.

6. Uses

[00226]  In centain embodiments, provided herein is use of the composition a coraposition as
disclosed herein in increasing carbon content of soil in which plants grow compared to before
use of the composition. In certain embodiments, the soil comprises an area of at least 1000,
10,000, 100,000, 1M, 10M, or 100M hectares. In certain embodiments, carbon content is
mereased by atleast 1,2, 3,4,5,6,7,8, 9,10, 12, 15, 17, 20,23, 25, 27, or 30 metric ton/hectare
and/ornot morethan 2, 3.4, 5,6, 7, 8,9, 10, 12, 15, 17, 20, 23, 25, 27, 30, 33, 40, 45, or 30
metric ton/hectare, wherein the soil carbon content is measured to a depth of 20 cm soil. In
certain embodiments, the soil is soil in which grasses grow.

[002277  In certain embodiments, provided herein is use of the composition as disclosed herein
in reducing methane production in soil in which plants grow compared to before use of the
composition.

[00228]  In certain embodiments, provided herein is use of the composition as disclosed herein
in coating a surface of seeds, seedlings, or other plant propagules with one or more microbes of
the composition.

[00229]  In certain embodiments, provided herein is use of the composition as disclosed herein
in increasing beneficial organisms in soil in which plants grow and to which composition
applied, compared to without.

{006230]  In certain embodiments, provided herein is use of the composition as disclosed heren
in transitioning to organic farming in 3 years or less, or 2 vears or less, or 1.5 vears or less.
[002317  In certain embodiments, provided herein 1s use of the composition as disclosed herein
in improving soil deosity, soil water holding capacity, soil water retention capacity, in soil in
which plants grow, compared to without.

{00232]  In certain embodiments, provided herein is use of the composition as disclosed herein
in increasing mycorrhizal fongi on or in roots of plant, compared to a reference plant.

[00233]  In certain embodiments, provided herein is use of the composition as disclosed herem
n preventing or reducing flooding.

[00234]  In certain embodiments, provided herein 1s use of the composition as disclosed herein
i decreasing use of synthetic fertilizer, herbicide, and/or pesticide on plants or soil in which

plants grow, compared to without.
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{00238]  In certain embodiments, provided herein i use of the composition as disclosed herein
in increasing nutrient uptake by a plant grown in soil to which composition applied compared to
without.

[00236] In certain embodiments, provided herein s use of the composition as disclosed herein
in decreasing uptake of one or more toxins, ¢.g., heavy metals, by plants grown in soil
COMPIISing COmposHion.

{00237] In certain embodiments, provided herein 1s use of the composition as disclosed herein
in increasing plant mutrient density of a plant grown in soil to which composition applied
compared to without.

[00238]  In certain embodiments, provided herein is use of the composition as disclosed herein
in reducing carbon footprint for raising livestock.

[00239]  In certain embodiments, provided herein is use of the composition as disclosed hercin
m increasing oil production of a plant not cannabis.

{00240] In certain embodiments, provided herein is use of the composition as disclosed herein

in regenerating degraded soil.

7. Modulating soil characteristics

[00241]  In certain embodiments provided herein are methods of modulating one or more
characterstics of soil. Generally, the modulation will improve the one or more soil
characteristics. An “improved” soil characteristic, as that term is used herein, includes a
characteristic that has been modulated by the method in such a way as to advantageousiy affect
germination, growth, quality, or other desired property of plants grown and/or maintamed 1o the
soil, and/or typically, mncreased the soil’s resistance to drought, flooding, pests, and the like. Soil
characternistics that can be modalated, ¢.g., taproved, include sotl density, soil water holding
capacity (WHC), density of beneficial microbes in the soil, water retention of the soil,
bicavailability of one or more plant nuirients in the soil, and/or carbon content of the soil.
{00242] In certain embodiments provided is a method of modulating, ¢.g., improving, one or
more characteristics of soif in which plants grow and/or are maintained, comprising allowing the
plants 1o grow in the soil for a period of time, wherein the soil and/or plants have been treated by
(1) applving 1o the soil in which the planis are grown or will be grown and/or the plants, a first
application of a composition comprising a plurality of different microbes; and (it} providing
suttable conditions for the plants to grow i the sotl for the period of tume thereby modulating,
e.g., improving the one or more characteristics compared to reference soil and plants.

[00243]  In certan embodiments provided s a method of increasing water holding capacity of

soil m which plants are grown comprising allowing the plants to grow in the soil for a period of
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time, wherein the soil and/or plants have been treated by (i) applving to the soil in which the
plants are grown or will be grown and/or the plants, a fust application of a composition
comprising a plurality of different microbes or a derivative thereof] and (1) providing suttable
conditions for the plants to grow in the soil for a period of time; thereby increasing the water
holding capacity of the soil, for example, WHC compared to reference soil and plants. In certain
embodiments, WHC 1s increased at least 5, 10, 15, 20, 30, 40, 30, 60, 70, 80, 80, 100, 120, 150,
200, 300, 400, 500% compared to reference, for example, at least S, preferably at least 10, more
preferably at least 15, even more preferably at least 20, vet more preferably at least 25, still more
preferably at least 30% in the period of time. In certain crabodiments, WHC is increased to at
feast 20, 25, 30, 35, 40, 45, 50, 55, 60, 63, or 70% wi/wt and/or not more than 25, 30, 35, 40, 45,
50, 33, 60, 63, or 70% wtiwt, for example, 20-70%, preferably 25-65%, more preferably 25-53%,
yet more preferably 30-65%, still more preferably 35-65%, vet still more preferably 35-55% in
the period of tume.

{00244]  In certain embodiments provided s a method for converting one or more plant
nutrients in soil in which plants are grown from non-bicavailable to bioavailable form (i)
applying a composition comprising a plurality of different microbes to the soil in which the
plants are grown or will be grown and/or the plants; and (it} providing conditions surtable for
growth of the plants and proliferation and/or other actions of the microbes for a duration
sufficient for the one or more plant nutrients in the soil to convert from non-bioavailable to
bicavailable form; whereby the one or more plant nutrients are converied from non-bioavailable
io bicavailable form. In certamn embodiments broavailable form of the plant nutrient is increased
by atleast 310, 15, 20, 25, 30, 35, 40, 43, 30, 60, 70, 80, 90, 100, 120, 150, 200, 250, 300, 350,
or 400% and/or not more than 0, 13, 20, 23, 30, 35, 40, 48, 30, 60, 70, 80, 90, 100, 120, 150, 200,
250, 300, 359, 400, 500, 700, or 1000%, for example, at least 5, preferably at least 10, more
preferably at least 15, even more preferably at least 20, still more preferably at least 30, yet more
preferably at least 50%, or for example at least 5-1000, preferably 3-700, more preferably 10-
1000, even more preferably 10-700, still more preferably 10-300, yet more preferably 20-500%.
In certain embodiments the plant nutrient is nitrogen, phosphorus, potassiam, or a combination
thereof. In certain embodiments the plant nutrient is nitrogen. In certain embodiments the plant
nutrient is phosphorus. In cortain ernbodiments the plant nutrient is potassiurn. In certain
embodiments the plant nutrient is calcium (Ca), magnesturn (Mg), sulfur {8), sodium (Na), won
(Fe), mangancse (Mn), zinc {(Zn), copper (Cu). nickel (N1}, boron (B}, molybdenum (Mo}, silicon
(S}, cobalt {(Co), selenium (Se}, or chionde {C1), or a combination thereof. In certain
embodiments the plant nutrient is caicium {Ca). In certaim embodiments the nutnent 1s

magnesium (Mg}, In certain embodiments the notrient is salfur (8). In certain embodiments the
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nutrient is sodivm {Na). In certain embodiments the nutrient is iron {Fe}. In certain embodiments
the nutrient is manganese (Mn). In certain embodiments the nutrient is zine (Zn). In certain
embodiments the nutrient 1s copper (Cu). In certain embodiments the nutrient is nickel (N1}, In
certain embodiments the notnent is boron (B). In certain embodiments the nuirient is
molybdenurn (Mo}, In certain embodiments the nutrient is silicon (81). In certain embodiments
the nutrient is cobalt (Co). In certain embodiments the nutrient is selemium (Se). In certain
embodiments the nutrient is chloride (C1). In certain embodiments the method further comprises
reducing or eliminating toxin uptake by the planis.

{0862438]  The one or more characteristics can comprise density of the soil, e.g., whercin deasity
of the soil 1s improved. In certain embodiments, soil density before the first application is outside
of an optimal range. In certain embodiments, soil density after the period of time 1s within an
optimal range. {n certain embodiments the density is modulated to at least 0.8, 0.9, 1.0, 1.05,
110,115, 1.20, 1.25, 1.30, 1.35, 1,40, 1.43, 1.50, 1.35, 1.60, 1.65, or .70 and not more than
00, 1.0, 1.05, 110, 1.15, 1.20, 1.25, 130, 135, 140, 1 45, 1.50, 1.55, 1.60, 1.65, 1.70, 1.75,
1.80, 1.85, 1.90, or 1.95, for example, 1.0-1.90, preforably 1.05 to 1.85, more preferably .10 to
1.50, even more preferably 1.20-1.75, yvet more preferably 1.35-1.70, still more preferably 1.55-
1.85 giom® dry weight of soil. In cortain embodiments the one or more characteristics comprises
water holding capacity (WHC) of the soil, wherein WHC of the soil is increased. In certamn
embodiments WHC 1s increased at least 5, 10, 13, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 130,
200, 304, 400, 500% compared to reference, for example, at least S, preferably at least 10, more
preferably at least 15, even more preferably at least 20, vet more preferably at least 25, still more
preferably at feast 30% in the period of time. In certain embodiments WHC is increased to at

feast 20, 25, 30, 33, 40, 45, 50, 35, 60, 65, or 70% wi/wt and/or not more than 25, 30, 35, 40, 45

yet more preferably 30-65%, still more preferably 35-65%, vet still more preferably 35-55% in
the peried of timme. In certain embodiments the one or more characteristics comprises water
retention of the sotl, wherein the water retention of the soi is increased. In certain embodiments
water retention is increased at least 5, 10, 15, 20, 30, 40, 30, 60, 70, 80, 90, 100, 120, 150, 200,
300, 400, 500% compared to reference, for example, at least 5, preferably at least 10, more
preferably at least 15, even more preferably at least 20, yet more preferably at least 25, still more
preferably at least 30% 1n the period of time. In certain embodiments the one or more
charactetistics comprise a density of beneficial microbes in the soil, wherein the density is
mereased. fn certain embodiments the density of beneticial nucrobes is increased at least 20, 50,
100, 260, 500, 1,000, or 10,000% and/or not more than 50, 100, 200, 560, 1,000, 10,000, or
100,000%, for example, at least 100%, preferably at least 500%, more preferably at least 1000%.
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In certain embodiments the one or more characteristics comprises bioavailability of one or more
plant outriends fo the soil, wherein bicavauability of the one or more nuirients ts increased. In
certain embodiments the period of ime s atleast 1, 2,3, 4, 5.6, 7, 8,9, 10, 11, 12, 14, 16, 18,
20, 22, or 24 months and/or not more than 2, 3,4, 5,6, 7.8, 9, 10, 11, 12, 14, 16, 18, 20, 22, 24,
30, or 36 moaths, for example 1-36, preferably 2-30, more preferably 4-24, even more preferably
4-12, vet more preferably 6-20, still more preferably 6-18 mounths. In certain embodiments the
method further comprises increasing carbon content of the soil compared to reference in the
period of time. In certain embodiments carbon content in soil in which the plants are grown is
increased at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 230, 300,
350, or 400% and/or not more than 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200,
220, 250, 300, 350, 400 or 500% for example at least 20%, preferably at least 40%, more
preferably at least 60%, even more preferably at least 80%, still more preferably at least 100%,
or, for example 10-300%, preferably 20-500%, more preferably 40-400%, cven more preferably
40-350%, yet more preferably 50-300%, still more preferably 60-300% in the period of time
compared to reference. In certain embodiments the increase in soil carbon content is at least 1, 2,
3,4,5,6,7,8,9, 10, 12, 15, 17,20, 23, 25, 27, or 30 metric ton carbon/hectare and/or not more
than 2,3,4,5,6,7,8, 9, 10, 12, 15, 17, 20, 23, 25, 27, 30, 35, 40, 45, or 50 metric ton
carbon/hectare, such as wherein the soil carbon content is measured to a depth as described
herein, for example, at least 1, preferably at least 3, more preferably at least 5, even more
preferably at least 10, yet more preferably at least 15, still more preferably at least 20, or for
example 1-530, preferably 3-40, more preferably 5-40, even more preferably 10-40, vet more
preferably 10-35, still more preferably 10-30 metric ton carbonvhectare, compared to reference.
In certain emboduments the increase i soil carbon content after the period of tiroe 15 at least 0.5,
2,35, 7, 10,12, 15,20, 25,30, 0r 38 kg/"m3 of soil and/or not more than 0.5, 2, 3, §, 7, 10, 12,
15,20, 25, 30, 35 or 40 kg/m?, for exampie 0.5-40, preferably 2-40, more preferably 5-40, even
more preferably 7-35, vet more preferably 7-30, still more preferably 7-25 kg/m® of soil. In
certain embodiments soil carbon content is measured to a depth of at least 10, 15, 20, 25, 30, 40,
30, 60, 70, 80, or 50 cm and/or not more than 13, 20, 23, 30, 40, 50, 60, 70, 80, 90 or 100 cm, for
example, 10-100 cm, preferably 10-80 cm, more preferably 15-75 cm, even more preferably 13-
60 cm, yet more preferably 15-50 cm, stifl more preforably 15-30 cm; in some cases 20 cm.
[00246]  Any suitable microbial composition may be used in the methods of this section, such
as a composition comprising a plurality of different microbes. In certain embodiments the
composition comprises af feast 5, 10, 15, 20, 25, 30, 33, 40, 45, 50, 53, 60, 65, 70, 75, 80, 85, 90,
93, 100, 105, 110, 115, 120, 125, 130, or 135 different microbes and/or not more than 10, 15, 20,
25,30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135
~150-
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or 140 different microbes, for example at least 20, in certain cases at least 50, in yet other cases
at least 70, or preferably 10-140, more preferably 20-120, even more preferably 40-100, vet more
preferably 50~100, that arc heterologous to the plant and/or soil. In certain embodiments the
composttion comprises af least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 35, 60, 65, 70, 75, 80, &5, 90,
95, 100, 105, 110, 113, 120, 125, 130, or 133 different microbes and/or not more than 10, 13, 20,
25,30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135
or 140 different microbes, for example at least 20, in certain cases at least 50, in et other cases
at least 70, or preferably 10-140, more preferably 20-120, even more preforably 40-100, yet more
preferably 30-100, that are heterologous to the plant. In certain embodiments at least 10, 15, 20,
25,30, 35, 40, 45, 50, 60, 70, 80, 90, 93, or 89%, or 100%, for example at least 10%, preferably
at least 26%, more preferably at least 30%, even more preferably at least 40%, vet more
preferably at least 60%, still more preferably at least 80%, vet more preferably at least 95%, vet
still more preferably 100% of the different microbes are thizobacteda. In certain embodiments at
least 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 95, or 99%, or 100%, for example at least
10%. preferably at least 20%, more preferably at least 30%, even more preferably at feast 409,
vet more preferably at least 60%, still more preferably at least 80%, yet more preferably at least
95%, vet still more preferably 100% of the different microbes are saprophytic. In certain
embodiments the different microbes are Strepfomyees.
{00247}  In cortain embodiments a microbial composition as described herein is used, such as a
nucrobial composition as disclosed herein, ¢.g., comprising bacteria and/or fumgi, such as
compositions described herein, including but not himuted to, in sections 1.B.1-6, for example
section EB.1, or LB.S, or LB.6., or a derivative thereof. Auy suitable protocol may be used to
apply the nucrobial composition or derivative thereof, such as the methods desceribed herein, In
certain embodiments, a delayed-release composition is used. In certain embodiments, acrial
delivery, e.g., by one or more unmanned vehicles is used, for example as described herein.
{00248]  Plants growing in the soil can include any of the plants described herem, e.g., plants
described in section LB 10 berein. In certain cases, the plants are a commercial crop. In certan
embodiments, the commercial crop is com. In certain embodiments, the commercial crop s rice.
In certain embodiments, the commercial crop is soy. In certain embodiments, the commercial
crop 1s wheat. In certain embodiments, the coramercial crop is barley. In certain erabodiments,
the commercial crop is oat. o certain embodiments, the commercial cropis rve. In certan
embodiments, the commercial crop is sugar cane. In certain embodiments, the conumercial crop
1s sorghur. {o some cascs, the plants are uncultivated plants, such as plants on pastureland, wild
grasslands, or forests. In certain cases, the plants are turf plants, e.g., turf of a sporting surface,
such as a golf course.
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8. Reducing water use

f002497  Water is becoming a scarce commodity, and droughis and other extreme weather
events are becoming more common, thus i is desirable to reduce the amount of water needed to
germinate, grow, and/or mamntam plants. Provided herein are methods and compositions for
reducing water use for plants, e.g., reducing the amount of water necessary to genminate, grow
and/or maintain plants, using a composition comprising one or More microorganisms, ¢.g., a
plurality of microorganisms; reduction of water use 1s generally as compared to water use before
the use of the composition. It will be appreciated that reduced water use in an operation where
water is provided to plants for growth will considerably reduce the costs associated with the
operation. A reduced need for water, and improvements to soil, ¢.g., as described herein, can also
provide increased drought resistance, both for commercially rased plants as well as plants that
are uncultivated, e.g., plants in grazing lands, grasslands, forests, and the like. It can also reduce
the frequency and/or severity of eovironmental insults, such as fires, e.g., wildfires and/or floods,
due to a vanety of factors which can include greater water content of the plants and/or soil,
improved plant and sotl health, increased production of plant substances that confer resistance to
fire, and/or greater plant deusity. Larger arcas of land may also become available for plants, e.g.,
for agriculture as water requirerents are reduced. Grasslands, rangelands, forests, and other non-
irrigated areas can also see an increase in arcas in which plants grow. Gther concomitant effects
can oocur, such increases i plant biomass, community biodiversity, e.g., microbial conumunity
biodiversity, nutritional components of plants, soil and/or plant carbon, and/or other beneficial
cffects, such as effects desceribed herem.

[002508]  In certain embodiments provided herein is a method of reducing water use for growth
and/or maintenance of plants in soil comprising allowing the plants to grow and/or be maintained
in the sotl for a peniod of time, wherein the sotl and/or plants have been treated by (1) applving to
the soil, the plants, a first application of a composition comprising a plarality of different
microbes or a derivative thereof; and (i) providing suitable conditions for the plants to grow
and/or be maintained in the soil for a period of time, therehy decreasing the amount of water
necessary {o prodice a given amount of biomass from the plants and/or to maintain the plants m
a desired state, compared to the amount of water necessary to produce the biomass and/or
maintain the plants in a desired state for reference sotl and plants, for the period of time.

f302517  Any surtable microbial composition may be used in the methods of this section, such
as a composition comprnising a phurality of different nucrobes. In certain embodiments the

composition comprises at least 5, 10, 15, 20, 25, 30, 33, 40, 45, 50, 55, 60, 65, 70, 75, 40, 85, 90,
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95, 100, 108, 110, 115, 120, 125, 130, or 135 different microbes and/or not more than 10, 15, 20,
25,30, 35, 40, 45, 50, 55, 60, 65, 70, 73, 80, 85, 90, 95, 100, 103, 110, 115, 120, 125, 130, 135

or 140 different microbes, for cxample at least 20, in certain cases at least 30, in vet other cases
at least 70, or preferably 10-140, more preferably 20-120, cven more preferably 40-100, yet more
preferably 50-100, that are heterologous to the plant and/or soil. In certain embodiments the
composition comprises at least 5, 10, 15, 20, 235, 30, 33, 40, 45, 50, 55, 60, 65, 70, 75, 80, 83, 90,
95, 100, 105, 110, 115, 120, 125, 130, or 135 different microbes and/or not more than 10, 15, 20,
25,30, 35, 40, 43, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135
or 140 different microbes, for example at least 20, in certain cases at least 50, in vet other cases
at least 70, or preferably 10-140, more preferably 20-120, even more preferably 40-100, yet more
preferably 50-100, that are heterologous to the plant. In cortain embodiments at least 10, 15, 20,
25,30, 35, 40, 45, 50, 60, 70, 80, 90, 93, or 99%, or 100%, for example at least 10%, preferably
at feast 209, more proferably at least 30%, cven more preferably at least 40%, yeot more
preferably at least 609, still more preferably at least 80%, vet more preferably at least 95%, yet
stiil more preferably 100% of the different microbes are rhizobacteria. In certain embodiments at
feast 10, 13, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 95, or 999, or 100%, for example at least
10%, preferably at teast 20%, more preferably at least 30%, even more preferably at least 40%,
yet more preferably at least 609%, still more preferably at least 80%, yet more preferably at least
95%, vet still more preferably 100% of the different microbes are saprophytic. In certain
embodiments the different microbes are Streplomyces.

f002521 In certain embodiments a mucrobial composition as described heren 15 used, such as a
microbial composition as disclosed herein, ¢.g., comprising bacteria and/or fimgi, such as
compositions described herem, including but not imited to, in sections LB.1-6, for example
section LEB.1, or LB.5, or LB 6., or a devivative thereof. Any suitable protocol may be used to
apply the microbial composition or derivative thereof, such as the methods described herein. In
certain embodiments, a delayed-release composition is used. In cortain embodiments, aertal
delivery, e.g., by one or more unmanned vebicles ts used, for exarple as described herein.
{00253] Plants growing in the soil can tnchude any of the plants described herein, ¢.g., plants
described in section 1.B.10 herein. In certain cases, the plants are a commercial crop. In certain
emboduments, the commercial crop 1s com. In cortain crobodiments, the commercial crop 1s rice.
In certain embodiments, the commercial crop is soy. In certam emnbodiments, the commeraal
crop is wheat. In certain embodiments, the commercial crop is barley. In certain embodiments,
the commercial crop is oat. In certain embodiments, the commercial crop is rve. In certain
embodiments, the commercial crop is sugar cane. In cerfain embodiments, the commercial crop

is sorghum. In some cases, the plants are uncultivated plants, such as plants on pastureland, wild
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erasslands, or forests. In certain cases, the plants are taef plaots, ¢.g., turf of a sporting surface,

such as a golf course.

9. Obtaining economic benefit

[00254]  In certain embodiments provided is a method of obtaming an economic benefit from
land on which plants are grown, wherein the land comprises at least 10, 100, 1000, 10,000,
160,000, 1M, or 10M, hectacres, comprising (i} obtaining and using one or more compositions
comprising a microbial consortium, wherein (a) the one or more compositions are supplied by a
first entity that produces, distributes, or otherwise supplies the one or more compositions to a
second entity, or plurality of second entities that owns, condrols, manages, or otherwise has rights
to land i an area of land on which plants grow, or a third entity controlled directly or indirectly,
at feast m part, by the sccond entity (b} the second entity or plurality of second entities uses the
one or more compositions in a mamner that comprises applying the one or more compositions to
the plants, plant parts, sced of the plaots, and/or soil in which the plants grow, whereby onc or
more economic benefits, attributable in whole or in part, to the use of the one or more
compositions, are achieved for the sccond entity or each of the plurality of second entitics ; {it}
determining a gquantity of the one or more economic benefits; and (111} apportioning the quantity
of the onc or more cconomic bencfits between the first and second entitics or between the first
entity and each of the plurality of second entities. In certain embodiments the apportioning is
done according to an agreement or agreements between the first and second entities or between
the first entity and each of the plurality of second entities. In certain embodiments the
apportioning 1s done by a processor that receives mformation regarding the one or more
economic benefits and the agreement, processes the imformation to determine a quantitative value
or values for cconomic benefits for apportionment between the first and second entities, or
between the first entity and each of the plurahity of second entities, and commumicates the
quantitative value or values to the first and/or second entities. In certain embodiments the second
entity comprises a governmental entity. In certain embodiments the second entity comprises a
private entity. In certain embodiments further comprises a plurality of second entities wherein the
plurality of second entities comprises at least S, 10, 20, 50, 70, 100, 150, 200, 250, 500, 1000,
S000, 10,000, or 50,000 entities and/or not more than 10, 20, 50, 70, 100, 130, 200, 250, 500,
1000, 5000, 10,000, 50,000, or 100,000 cotitics. In certain cmbodiments at feast 10, 20, 30, 30,
70, 80, 90, 95, or 99% of the second entities are private farmung entitics. In certain embodiments
the economic benefit comprises a carbon credit based, at least in part, on an increase of carbon in

the soil. In certain embodiments the economic benefit comprises a financial benefit attributable
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to the plants. In certain embodiments the economic benefit comprises payment for the plants or
parts of the plants. In certam embodiments the economic benefit comprises obtaining a further
carbou credit for carbon stored in the plants. In certain erobodiments the plants are trees. In
certain embodiments the financial benefit comprises a financial benefit realized from animals

that cat the plants. The plants may be any suitable plants, such as those described heremn.

10. Repair and regencration

{002557  Microbial compositions, such as those disclosed herein, can be used to restore or
repatr tand that has been damaged or degraded, ¢.g., by human activity, so that the land is not
capable of growth and/or maintenance of plants that previously grew, or capable only of
decreased growth and/or maintenance of plants that previcusly grew. Fach year 10 million
hectares are abandoned due to soil erosion and/or diminushed productivity, and another 10
nullion hectares due to salimzation. It 1s projected that globally, almost one~third of agricultural
land has been lost since 1960 and those that remain are losing topsotl at rates considered 6-10
tunes greater than the rate of soil formation. To compensate, this lost cropland 1s being replaced
by clearing substantial portions of the world’s ramn forests promoting land area losses
representing more than 60% of the deforestation now cccurring worldwide. Use of microbial
compositions, such as those described herein, can partially or completely repair such land and
regenerate one or more plants of the land. Vegetation can also be restored in soil where it has
been partially or completely depleted. Such land is subject to, e.g., drought, flooding, or other
environmental insults that undamaged or undegraded land is not, or not to the degree of the
damaged or degraded land. A variety of factors may be at play i such degradation or damage,
many, most, or all of which mav be partially or completely reversed by use of one or more
microbial compositions, such as those disclosed herein.

[00256]  In certain embodiments provided herein is a method of regencrating vegetation in a
soil that has been partially or completelv depleted of one or more types of vegetation and/or has
reduced capacity to grow and/or maintain new vegetation, comprising (i) applying to the soil,
plants growing or to be grown in the soil, and/or sceds of the plants a first application of a
composttion comprising a plurality of different mucrobes: and{(u) providing suitable conditions
for the plants to grow in the soil for a pertod of time. In certain embodiments the period of time
isatleast 1,2, 3.4,5,6,7. 8,9, 10, 11, 12, 14, 16, 1&, 20, 22, or 24 months and/or not more than
2,3,4,5,6,7,8,9, 10, 11, 12, 14, 16, 18, 20, 22, 24, 30, or 36 months, for cxample 1-36,
preferably 2-30, more preferably 4-24, even more preferably 4-12, vet more preferably 6-20, still
more preferably 6-18 months. In certain embodiments the method further comprises placing

seeds, scedlings, or other plant propagules of the plants on or in the soil. In certain embodiments
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the vegetation comprises one or more grasses and has been partially or completely depleted by
overgrazing. In certain embodiments the vegetation comprises one or more trees and has boen
partially or completely depleted by tree clearing. In certain embodiments the vegetation
comprises one or more commercial crops and has been partially or completely depleted by poor
manageruent practice.

{00257} In certain embodiments provided is a method of repaiting damaged or degraded sotl
comprising (i} applying to the soil a first application of a composition comprising a plurality of
different microbes; and (i1} providing suitable conditions for plants to grow in the soil for the
period of time. In certain embodiments the period of time isatleast 1,2, 3.4, 5,6, 7.8, 9, 10, 11,
12, 14, 16, 18,20, 22, or 24 months and/ornot more than 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 14, 16,
18,20, 22, 24, 30, or 36 months, for example 1-36, preferably 2-30, more preferably 4-24, even
more preferably 4-12, yet more preferably 6-20, still more preferably 6-18 months.

{00258]  In certain embodiments provided herein 18 raethod for decreasing or elimunating
flooding on land that has experienced or is likely to experience flooding, wherein soil of the land
has grown, is growing, or will grow plants, compnsing {1} applying to the soil, the plants, and/or
seeds of the plants a first application of a composition comprising a plurality of different
microbes; and (1) providing suttable conditions for the plants to grow i the soil for the period of
time; thereby decreasing or eliminating flooding on the land. I certain embodiments the period
oftimeisatlcast 1,2.3,4,5,6,7,8,9, 10, 11, 12, 14, 16, 18, 20, 22, or 24 months and/or not
more than 2,3, 4, 5,6, 7,8,9, 10, 11, 12, 14, 16, 18, 20, 22, 24, 30, or 36 months, for example 1-
36, preferably 2-30, more preferably 4-24, even more preferably 4-12, yet more preferably 6-20,
still more preferably 6-18 months.

[00259]  Avy suitable microbial composition may be used in the methods of this section, such
as a composition comprising a plurality of different microbes. In certain embodiments the
composttion comprises at feast 3, 10, 13, 20, 25, 30, 35, 40, 45, 530, 35, 603, 65, 70, 75, 80, &5, 60,
93, 1060, 105, 110, 115, 120, 125, 130, or 135 different microbes and/or not more than 10, 15, 20,
23,30, 33, 40,45, 50, 35, 60, 65, 70, 75, 80, 85, 90, 95, 100, 108, 110, 115, 120, 125,130, 135
or 140 different microbes, for example at least 290, in certain cases at least SO, in vet other cases
at least 70, or preferably 10-140, more preferably 20-120, even more preferably 40-100, yet more
preferably 30-100, that are heterologous to the plant and/or soil. In certain embodinients the
composttion comprises at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 35, 60, 65, 70, 75, 80, 85, 60,
95, 100, 105, 110, 115, 120, 125, 130, or 135 difterent microbes and/or not more than 10, 15, 20,
23,30, 33, 40,45, 50, 35, 60, 65, 70, 75, 80, 85, 90, 95, 100, 1035, 110, 115, 120, 125,130, 135
or 140 different microbes, for example at least 290, in cerfain cases at least 50, in vet other cases
at least 70, or preferably 10-140, more preferably 20-120, even more preferably 40-100, yet more
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preferably 50-100, that are heterologous to the plant. In certain embodiments at least 10, 135, 20,
25,30, 35, 40, 45, 50, 60, 70, 80, 90, 93, or 99%, or 100%, for example at least 10%, preferably
at least 20%, more preferably at least 30%, even more preferably at least 40%, vet more

preferably at least 60%, still more preferably at least 80%, vet more preferably at least 95%, vet

least 10, 15, 20, 235, 30, 35, 40, 45, 30, 60, 70, 80, 90, 93, or 99%, or 100%, for example at feast
10%, preferably at least 20%, more preforably at least 309, cven more preferably at feast 409,
vet more preferably at least 60%, still more preferably at least 80%, yet more preferably at least
93%, vet still more preferably 100% of the different microbes are saprophytic. In certain

10 embodiments the different microbes are Strepiomyces.
[00260] In certain embodiments a microbial composition as described herein is used, such as a
microbial composition as disclosed herein, ¢.g.. comprising bacteria and/or fungi, such as
compositions described hercin, ncluding but not hmited to, 10 sections 1.B.1-6, for example

section LB.1, or LB.S, or LB.6., or a derivative thereof. Any suitable protocol may be used to
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apply the microbial composition or derivative thereof, such as the methods described herein. In
certain embodiments, a delayed-release composition is used. In certain crobodiments, acral
dehivery, e.g., by one or more unmanned vehicles 1s used, for example as described heremn.
[002617  Plants growing in the soil can inclade any of the plants described herein, e g, plants
described in section LB 10 herein. In certain cases, the plants are a commercial crop. In certain
20 embodiments, the commercial crop is com. In cerfain embodiments, the commercial crop is rice.
In certam embodiments, the commercial crop 1s soy. In certain embodiments, the commercial
crop is wheat. In certain embodiments, the commercial crop is bardey. In certain emabodiments,
the conuncreial crop is cat. T certain embodiments, the commercial crop 1s rve. In certain
embodiments, the commercial crop 18 sugar cane. In certam embodiments, the coromercial crop
25 s sorghum. In some cases, the plants are wncultivated plants, sach as plants on pastureland, wild
grasslands, or forests. Tn certain cases, the plants are turf plants, ¢.g., turf of a sporting surface,

such as a golf course.

i Nutrienis
[00262]  Microbial compositions, such as those disclosed herem, can be used {o increase

30 mutrient uptake and/or nutrient content in plants. Such mercases can, for example, be in natrients
useful to the plant in growth, repair, mamienance and the hike, and/or in nutrients for an animal
that consumes the plants or parts of the plants, ¢.g., domesticated animals that consume the plants
as at least part of their feed, or hamans who consume the plants. Increasing nutrient availability

to plants, e.g., by converting non- or low-bicavailable substances to more bioavailable forms can
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provide numercus benefits; it will be appreciated that one major benefit can be a reduced or even
clinunated need for one or more syothetic fertihizers, as one or more of nitrogen, phosphate,
potassium, and/or other plant nutrients may be more readily available from natural sources in the
soil, thus reducing or eliminating the need for synthetic versions.
{00263]  In cortain embodiments provided herein 15 a method for increasing density of one or
more nutrients 1n plants or plant parts, ¢.g., plants or plant parts to be consumed by animals,
comprising (i} applying a composition comprising a plurality of different microbes to the soil
which the plants are grown or will be grown and/or the plants; and (it} providing conditions
suitable for growth of the plants for a period of time, ¢ g, a period of time sufficient for the
plants or plant parts to be suitable for consumption by the animals; thereby increasing density of
the one or nutrients in the plants or plant pasts compared to reference plants or plant pasts. In
certain embodiments the period of time s atleast 1, 2, 3, or4d weeksor 1, 2,3, 4,5, 6,7, 8, 9, 10,
or fimonthsor1,2,3,4,5,6,7,8 9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 vears and or
notmorethan 2, 3, ord weeksor 1,2, 3.4, 5,6, 7,89, 10, or 11 monthsor 1,2,3,4.5.6,7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 1§, 19, 20, or 25 vears, for example 1 month to 20 vears,
preferably | month to 10 vears, more preferably 3 months to 3 years, even more preferably 3
months to 2 vears, yet more preferably 3 months to one vear, still more preferably 4 months to 1
year. In certain embodiments the one or more nutrients is increased in density by at least 5, 10,
15,20, 25, 30, 35, 40,45, 50, 60, 70, 80, 90, 100, 120, 150, 200, 250, 300, 350, or 400% and/or
not more than (0, 15, 20, 25, 30, 35, 40, 43, 50, 60, 70, 80, 90, 100, 120, 130, 200, 230, 300, 350,
400, 500, 700, or 1000%, for example, at least 3, preferably at least 10, more preferably at least
13, even more preferably at least 20, still more preferably at feast 30, yet more preferably at least
50%, or for example at least 5-10600, preferably 5-700, more preferably 10~-1000, even more
preferably 10-700, still more preferably 10-300, vet more preferably 20-500%. In certain
embodiments the animals comprise humans or domesticated animals. In cortain embodiments the
ammals comprise humans. In certain cmbodiments the animals comprise domesticated animals,
In certam erobodiments the antimals comprise catile, bison, goats, sheep, dairy cows, fowl (such
as chickens, geese, and ducks}, pigs, or horses. In certain embodiments In certain embodiments
the antmals are cattle. In certain embodiments the increased nutrient densify comprises ncreased
protein density, mercased mineral density, increased vitamin density, or a combination thereof.
In certain embodiments the mcereased nutrient density comprises increased protein density. In
certain embodiments the increased nutriont density comprises increased vitamin density. In
certain embodiments the increased vitanun density comprises increased vitamin A density. In
certain embodiments vitamin density comprises increased vitamin By (thiamine) denstty. In
certain embodiments the increased vitamin density comprises mcreased vitamin Bz (niboflavin)
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density. In certain embodiments the increased vitamin denstty comprises increased vitamin B
{(macin, nicotinic acid) density. In certain embodiments the increased vitamun density cormprises
increased vitaman Bs {(pantothenic acid) density. In certain emboduments the mcreased vitamm
density comprises increased vitamin Bg {pyridoxal, pynidoxine, or pyridoxamine) density. In
3 certain embodiments the increased vitamin density comprises increased vitamin By {biotin)
density. In certain emboduments the mereased vitarnin density comprises increased vitamin Bo
(folic acid) density. In certain embodiments the increased vitanun density comprises increased
vitamin By density. In certain embodiments the increased vitamin density comprises increased
vitamin { density. In certain embodiments the increased vitamin density comprises increased
10 choline density. In certain embodiments the increased vitamin density comprises increased
vitamin D density. In certain embodiments the increased vitamin density compnses wcreased
vitamin E density. In certain embodiments the increased vitamin density comprises increased
vitamin Ki density. In certain embodinents the increased vitamin density comprises increased

vitamin K2 density. In certain embodiments the increased nutrient density comprises increased
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mineral density . In certain embodiments the increased nuneral density comprises increased
calcium density. In certain embodiments the increased nuneral density comprises mereased
magnesium density. In certain embodiments the mcereased mineral density comprises increase
sodium density. In certain embodiments the increased mineral density comprises increased
potassim density. In certain embodiments the increased mineral density comprises increased
20 iron density. In certain embodiments the imereased mineral density comprises increased copper
density. To certain embodiments the increased muneral density comprises mereased manganese
density. In certain embodiments the increased mineral density comprises mcreased zing density.
In certain emboduments the increased nineral density comprises increased 1odine density. o
certain embodiments the increased mineral density compnises ncreased chromium density. In
25 certain embodiments the increased mineral density comprises increased molvbdenum density. In
certain embodiments the increased mineral density comprises increased phosphoms density. In
certain embodiments the increased mineral density corprises increased molybdenum density. In
certain embodiments the increased mineral density comprises increased selenium density. In
certain embodiments the method further comprises increasing biomass of the plants or plant
30 pars.
[00264] In certaim embodiments provided is a method for increasing uptake of one or more
plant nutrients by plants grown in soil comprising (1) applving a composition comprising a
plurality of different microbes to the soil in which the plants are grown or will be grown and/or
the plants; and (11} providing conditions suitable for growth of the plants and proliferation and/or

35 other actions of the microbes for a suitable duration for plant nutrient uptake to increase;
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whereby plant nutrient uptake by the plants is increased. In certain embodiments the period of
timeitsatleast 1,2, 3, ordweeksor 1,2, 3,4. 5.6, 7,89, 10, or il monthsor 1,2, 3.4, 5,6, 7,
8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 vears and or not more than 2, 3, or 4 weeks or 1,
2,3,4,5,6,7,8,9 10, orlimonthsor1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, or 25 years, for example | month to 20 years, preferably 1 month to 10 years, more
preferably 3 months to 5 vears, even more preferably 3 months to 2 vears, vet more preferably 3
months to one vear, still more preferably 4 months to | vear. In cortain embodiments uptake of
the one or more plant nutrents by the plants is increased by at least 3, 10, 13, 20, 25, 30, 35, 40,
3, 50, 60, 70, 80, 90, 100, 120, 130, 200, 230, 300, 350, or 400% and/or not more than 0, 15, 20,
25,30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 150, 200, 250, 300, 350, 400, 500, 700, or

>N

1000%, for example, at least 5, preferably at least 10, more preferably at feast 13, even more
preferably at least 20, still more preferably at least 30, yet more preferably at feast 50%, or for
example at least 5-1000, preferably 5-700, more preferably 10-1000, oven more preferably 10-
700, still more preferably 10-300, yet more preferably 20-500%. In certain embodiments the
nutrient is nitrogen, phosphorus, potassium, or a combination thereof. In certain embodiments the
nutrient is nitrogen. In cerfain embodiments the nutrient is phosphorus. In certain erabodiments
the nutrient is potassium. Tn certain embodiments n the nutrient 1s calcium {(Ca), magnesiom
(Mg}, sulfur {8}, sodium {Na), iron {Fe), manganese (Mn}, zinc (Zn}, copper (Cu), nickel (Ni},
boron {B), molybdenum (Mo), silicon (81), cobalt (Co), selemium (Se), or chloride (Cl}, or a
combination thereof. In certain embodiments the nutrent is calcium (Ca). In certain
embodiments the nutrient is magnesiom (Mg}, o certain embodiments the nutrient is sulfur (8).
In certain embodiments the nutrient is sodiom (Na). In certain embodiments the mutrient is fron
{(Fe). In certain embodiments the nutrent is manganese {Mn). In certain embodiments the
nutrient 18 zine (£n). In certain embodiments the nutrient is copper (Cu). In certain embodiments
the notrient is nickel {(Ni). In certain embodiments the nutrient is boron (B}, In certain
embodiments the nutrient is molybdenura (Mo). In certain embodiments the nuttient s silicon
{S1}. In certain embodiments the nutrient 1s cobalt (Co). In certain embodiments the nutrient 18
selentum {Se). In certain embodiments the nutrient is chionde (Ch.
{00265]  The method may farther comprise reducing or eliminating toxin uptake by the plants.
The method may further comprise reducing water use by the plants. The metbod may further
comprise increasing water holding capacity of the soil. The method may further comprise
increasing uptake of atmospheric carbon by the plants and conversion of atmospheric carbon to
sotl carbon.
[80266]  Any suitable microbial composition may be used in the methods of this section, such
as a composition compnsing a plurality of different nucrobes. In certaim embodiments the
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composition comprises at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 53, 60, 65, 70, 75, &0, 85, 99,
95, 100, 105, 110, 115, 120, 125, 130, or 135 different nucrobes and/or not more than 10, {3, 20,
25,30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 103, 110, 115, 120, 125, 130, 135
or 140 different microbes, for example at least 20, in certain cases at least 30, in yet other cases

5 atleast 70, or preforably 10-140, more preferably 20-120, even more preferably 40-100, vet more
preferably 50-100, that arc heterologous to the plant and/or sotl. In certain embodiments the

composition comprises at least 5, 10, 15, 20, 25, 30, 33, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,

O

95, 100, 105, 110, 115,120, 125, 130, or 135 different microbes and/or not more than 10, 15, 20,

3,30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 133

2

10 or 140 different microbes, for example at least 20, in cortain cases at least 30, in yet other cases
at least 70, or preferably 10-140, more preferably 20-120, even more preferably 40-100, yet more
preferably 50-100, that arc heterologous to the plant. In certain embodiments at least 10, 15, 20,
25,30, 35, 40, 45, 50, 60, 70, 80, 90, 95, or 99%, or 100%, for example at least 10%, preferably

at least 20%, more preferably at least 30%, even more preferably at least 40%, yet more
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preferably at least 609, still more preferably at least 80%, vet more preferably at feast 93%, yet
still more preferably 100% of the different microbes are rhuzobactena. In certain embodiments at
least 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 95, or 99%, or 100%, for example at least
10%, preferably at least 20%, more preferably at least 30%, even more preferably at least 40%,
yet more proferably at least 60%, still more preferably at least 80%, yet more preferably at least
20 95%, vet still more preferably 100% of the different microbes are saprophyvtic. In certain
embodiments the ditferent microbes are Strepfomyces.
{00267 In certain embodiments a microbial composition as described herein is used, such as a
microbial composition as disclosed berein, ¢ g., comprising bacteria and/or fungi, such as
compostitions described herein, including but not limited to, in sections 1B, 1-6, for example
25 secton EB.L, or IB.3, or LB 6., or a derivative thereof. Any suitable protocol may be used to
apply the microbial composition or derivative thercof, such as the methods described herein. In
certain embodiments, a delayed-release composition is used. In certain embodiments, aernal
delivery, ¢.g., by one or more anmanned vehicles 1s used, for example as described herein.
{00268]  The plants in the soil may be any suitable plants, such as plants described herein, ¢.g.
30 onc ormore of those described in Section LB 10, In certain cases, the plants are a comamercial
crop. In certain embodiments, the commercial crop is comn. In certain embodiments, the
commercial crop is rice. In certain embodiments, the commercial crop is soy. In certain
embodiments, the commercial crop 1s wheat, In certain erobodiments, the commercial crop is
barley. In cerfain embodiments, the commercial crop 18 cat. In certamn embodiments, the
35 commercial crop is rve. In certain embodiments, the commercial crop ts sugar cane. In certain
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embodiments, the commercial crop is sorgham. In some cases, the plants are anceltivated plants,
such as plants on pastureland, wild grasslands, or forests. In certain cases, the plants are turf

plants, e.g., turf of a sporting surface, such as a golf course.

i2. Conversion to organic farming

[80269]  An agncubtural practice can be converted from a non-organic praciice to an organic
practice in a surprisingly short time if a microbial composttion, such as a composition as
disclosed herein, is applied to the land and/or plants, e.g., as described herein. An “organic”
agricultural practice, as that term 1s used herein, 18 a practice that conforms to applicable
requirements for organic farming in the area in which the practice is situated. Although
requircments may vary, depending on the locality, in gencral an organic agricultural operation is
one in which little or no syuthetic fertilizer, pesticide, or herbicide is used and, typically, where
soil levels of certain substances, ¢.g., toxins or other deleterious substances, are below a certain
level. Additional or aliernative criteria may exist for a given locality. Microbial compuositions,
such as those disclosed herein, when applied to land and/or plants, ¢.g., as disclosed herein,
restore 501l health and vitality and can enable greater nutrient bioavailability and uptake by
plants, and can reduce toxin levels in soil, all of which can accelerate the changes necessary to
conform to local organic agricultural requirements. Bepending on the starting point of the
agricultural practice, the changes can occur in as ttle as three vears, two vears, or gven a year,
even if the practice is a conventional famming practice, ¢.g., a practice reliant or even heavily
rehiant on use of synthetic fortilizer, pesticide, and herbicide. Additional benefits may also be
realized, ¢.g., as described herein, such as increased plant biomass, increased plant nutrient
density, increased soil carbon, and/or reduced water use.

[002768]  Thus provided herein is a method to convert non-organic agricaltural practice, e.g.
conventional agricultural practice, to organic agricultural practice comprising (i) applying a
composition comprising a plurality of microbes to plants, and/or to soil i which the plants grow
or will grow, in a first applhication at a first time, wherein up to the first time the plants and soil
were subject to non-organic famming practice; (it} providing conditions suitable for growth of the
plants and proliteration and other actions of the microbes for a period of time wherein after the
period of time the non-organic agricultural practice has been converted to an organic agricultural
practice. In certain embodiments the period of time s not more than 1, 15,2, 25,3, 3.5, 4,45,
or 5 years, for example not more than 5, preferably not more than 4, more preferably not more
than 3.5, even more preferably not more than 3, vet more preferably not more than 2.5, still more

preferably not more than 2, yet still more preferably not more than 1.5 years.



10

[y
0

WO 2025/097154 PCT/US2024/054441

{00271  In certain embodiments provided herein is a method for reducing concentration of a
toxin in a soil, reducing uptake of the toxin by plants growing in the sotl, and/or reducing a
concendgration of the toxin in the plants or plant parts, comprising (1) applving a composition
comprising a plorality of microbes to the plants, or parts thereof, and/or to the soil, in a first
application; {11} providing conditions suitable for growth of the plants and proliferation and other
actions of the miicrobes for a period of time wherewmn afier the period of tune concentration of the
toxan in the soil, uptake of the toxin by plants growing in the soil, and/or concentration of the
toxin in the plants or plant parts is reduced compared to before the first application. As used
herein, a “toxin” includes a substance that, directly or mdirectly, has a deleterious effect on an
animal, ¢.g., a human that is exposed to the toxin, e.g., ingests it. Tn certain embodiments the
period of time isatleast 1, 2,5, 7, 10, 12, 18, or 24 months and/or 2, 5, 7, 10, 12, 18,24, or 36
months for example 1-36 months, preferably 2-25 months, more preferably 5-18 months. In
certain embodiments the reduction 1s at least 3, 10, 20, 30, 40, 50, 60, 70, 80, 85, 90, 92, 95, 95,
97, 98, or Y9%, or 100%. In certain embodiments the toxin compnses a synthetic pesticide, such
as a synthetic pesticide, or impurity thereof, or an herbicide, sach as a synthetic herbicide, or
impurtty thereof. In cortain embodiments the toxin comprises a hydrocarbon. In cortain
embodiments the hydrocarbon comprises a petroleum hvdrocarbon. In certan embodiments the
hydrocarbon compnses a polynuclear aromatic hydrocarbon. In certain embodiments the toxin
comprises a heavy metal. In certain embodiments the heavy metal comprises lead, arsenic,
cadmium, chronuum, oF mercury.
[002721 In certain embodiments, the method further comprises, after the period of time,
reducing water use to grow the plants and/or increasing nutrient density of the plants or plant
parts and/or tncreasing biomass of the plants and/or increasing soil carbon content.
[00273]  Anv suitable microbial composition may be used in the methods of this section, such
as a composition comprising a plarality of different microbes. In certain embodiments the
composition comprises at least 5, 10, 15, 20, 235, 30, 33, 40, 45, 50, 55, 60, 65, 70, 75, 80, 83, 90,
93, 100, 105, 110, 115, 120, 125, 130, or 135 differeni microbes and/or not more than 10, 18, 20,
25,30, 35, 40, 45, 50, 535, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135
or 140 different microbes, for example at least 20, in certain cases at least 50, in vet other cases
at least 70, or preferably 10-140, more preferably 20-120, even more preferably 40-100, yet more
preferably 50-100, that are heterologous to the plant and/or soil. In certain embodiments the
composition comprises at feast 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 535, 60, 65, 70, 75, 80, &3, 90,
93, 100, 105, 110, 115, 120, 123, 130, or 135 different microbes and/or not more than 10, 18, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, i35
or 140 different microbes, for example at least 20, in certain cases at least 5O, in vet other cases
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at least 70, or preferably 10-140, more preferably 20-120, even more preferably 40-100, yet more
preferably 30~100, that are heterologous to the plant. In certain embodiments at least 10, 13, 20,
25,30, 35, 40, 45, 50, 60, 70, 80, 90, 93, or 99%, or 100%, for example at least 10%, preferably
at least 20%, more preferably at least 30%, even more preferably at least 40%, vet more
preferably at least 60%, still more preferably at least 80%, yot more preferably at least 95%, vet
stiil more preferably 100% of the different microbes are thizobacteria. In certain embodiments at
least 10, 15,20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 953, or 99%, or 100%, for example at least
10%., preferably at least 20%, more preferably at least 309%, even more preferably at least 409%,
vet more preferably at least 60%, still more preferably at least 80%, vet more preferably at least
95%, vet still more preferably 100% of the different microbes are saprophytic. In certain
embodiments the different microbes are Strepiomyces.

[00274]  In certain embodiments a microbial composition as described herein is used, such as a
nucrobial composition as disclosed herein, e.g.. comprising bacteria and/or fungi, such as
compositions described herein, inclading but not limited to, in sections LB.1-6, for example
section EB.1, or LB.S, or 1B.6., or a derivative thereof. Any suitable protocol may be used to
apply the microbial cormaposition or derivative thereof, such as the methods described hercin,
including more than one apphication of a microbial composition or derivative thercof. In certain
embodiments, a delayed-release composition 1s used. In certain embodiments, acrial delivery,
¢.g., by one or more unmanned vehicles is used, for example as described herein.

[00273] The plants in the soil may be any suitable plants, such as plants described herein, ¢.g.
one or more of those deseribed in Section 1.B.10. In certain cases, the plants are a commercial
crop. fn certain embodiments, the commercial crop is com. In certain embodiments, the
commercial crop is rice. o certain embodiraents, the commercial crop is soy. In certain
embodiments, the commercial crop 1s wheat. In cerfain embodiments, the commercial crop is
bardey. In certamn embodiments, the commercial crop is oat. In certain embodiments, the
conunercial crop is rye. In certain embodmments, the conunercial crop is sugar cane. In certain

embodiments, the commercial crop is sorghum.

13 Economic benefit

[00276]  In certain embodiments provided herein is a method of obtaining an economic benefit
from land on which plants are grown comprising (1) obtaining and using one or more
compositions comprising a plurality of different microbes, wherein {(a) the one or more
compositions are supplied by a first entity that produces, distributes, or otherwise supphies the
one or more compositions o a second entity that owns, controls, manages, or otherwise has

rights to land in an area of land on which plants grow, or a third entity controlled directly or
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indirectly, at least in part, by the second entity, and (b) the sccond entity uses the one or more
compositions in a maoner that comprises applying the one or more compositions to the plants,
plant parts, sced of the plants, and/or soil 10 which the plants grow, whereby one or more
economic benefits, attributable 1n whole or in part, to the use of the one or more compositions,
are achieved for the second entity{i1) determining a quantity of the one or more ccononic
benefits; and (i) apportioning the quantity of the one or more economic benefits between the
first and second entities or between the first entity and each of the plurality of second entitics. In
certain embodiments the apportioning is done according 1o an agreement or agreements between
the first and second entities. In certain embodiments the apportioning is done by a processor that
receives information regarding the one or more cconomic benefits and the agreement, processes
the information to determine a quantitative value or values for economic benefits for
apportionment between the first and second entities, and communicates the quantitative value or
valaes to the first and/or second entities. fn certain emboduments the second entity is (i) an eotity
that owns, controls, manages, or otherwise has rights to land in which plants are grown primarily
for sale of the plants or plant parts: (il} an entity that owns, controls, manages, or otherwise has
rights to land in which plants are grown primarly for feeding animals that are sold; (iit) an entity
that owns, controls, manages, or otherwise has nights to land in which plants are grown, for use
of the land 1n which plants are grown for which the entity recetves consideration; or (iv} an entity
that owns, controls, manages or otherwise has rights to land in which plants arc grown with no or
nunimal alteration to plant or soil conditions. In certain embodiments the second entity is an
entity that owns, controls, manages, or otherwise has rights to land in which plants are grown
primarily for sale of the plants or plant parts. In certain embodiments the second entity is an
entity that owns, controls, manages, or otherwise has rights to land in which plants are grown
primarily for feeding animals that are sold. In certain embodiments the land comprises
pastureland. In certain embodiments the land comprises rangeland. In certain embodiments the
land coraprises land on which grass is grown for feed for the antals. To certain emboduments the
land comprises land on which grain is grown for feed for the antals. In certain embodiments the
second entity 13 an eniity that owns, controls, manages, or otherwise has rights to land in which
plants are grown, for use of the land in which plants are grown for which the entity receives
consideration. In cortain embodiments the use of the land comprises a sport, game, or other
recreation or entertainment, e.g., a golf course. In certain embodiments the second entity 1s an
entity that owns, controfs, manages or otherwise has rights to land m which plants are grown
with no or mmnimal alteration to plant or soil conditions. In certain embodiments the land s
grassland, forest, or rangeland. In certain embodiments the second entity is a governmental
entity. In certain embodiments the second entity 1s a private entity. In certain embodiments the
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onte or more economic benefits, attributable, in whole or tn part, to the use of the one or more
composttions, comprises(i) reduced costs due to decreased water use for the plants and/or (1)
reduced costs due to decreased use of fertilizer for the plants; and/or (iu1) reduced costs due to
decreased use of herbicides for the plants; and/or (1v) reduced costs due to decreased use of
5 pesticides for the plants; and/or (v) increased biomass of the plants and/or (vi} increased price per
plant or plant product or unit thereof and/or {(viy) ability o use a greater area of land to grow or
conditions and/or (ix} a financial benefit realized from reduced costs to raise and/or maintain
amimals that eat the plants and/or increased price for animals that cat the plants; and/or {(x} a
10 carbon credit or other economic benefit due, in whole or in part, to increased soil carbon; and/or
{(x1} a carbon credit or other economic benefit due, in whole or 1n part, to increased carbon in the
plants; and/or {xi1} a carbon credit or other economic benefit due, in whole o1 in part, to carbon
avotded 1n raising the plangs; To certain embodiments the one or more economic benefits,

attributable in whole or in part, to the use of the one or more compositions, comprises a carbon
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credit or other economic benefit due, in whole or in part, to increased soil carbon; a carbon credit
or ather economic benefit due, in whole or in pait, to increased carbou 1n the plants; a carbon
credit or other economic benefit due, in whole or in part, to carbon avoided in raising the plants,
or a combination thereof. In certain embodiments the one or more economic benefits comprise
reduced costs due to decreased water use for the plants. In certain embodiments the one or more
20 economic benefits comprise mereased price per plant or plant product or unit thereof. In certamn
embodiments the one or more economic benefits comprnise a financial benefit realized from
reduced costs to raise and/or maintain animals that eat the plants and/or increased price for
animals that cat the plants. In certain embodiments the animals are cattle. In cortain embodiments
the animals are dairy animals, e.g., cows, goats, or sheep. In cerfain embodiments the animals are
25 poultry. In certain embodiments the poultry are raised for slaughter. In certain embodiments the
poultry arc cgg layers. fn certain embodiments the one or more compositions are supplied by the
first entity that produces, distributes, or otherwise supplies the one or more compositions to at
least 2,3, 4.5, 6,7, 8,9, 10, 11,12, 13,14, 15,16, 17, 18, 19, 20, 22, 23, 30, 40, 30, 60, 70, 80,
90, 100, 120, 150, 200, 300, 500, or 1000 other entities, different from the first entity, that obtaimn,
30 directly or indirectly, the one or more compositions comprising a raicrobial consortium from the
first entity, and uses the one or more composifions in a manner that comprises applying the one
or more compositions to the plants, plant parts, seed of the plants, and/or soil in which the plants
grow, whereby one or more economic benefits, attributable 1n whole or in part, to the use of the
one or more compositions, are achieved for each of the entitics; wherein the apportioning is done
35 according to an agreement or agreements between the first entity and cach other entity that
-166-



10

[y
0

N
L

WO 2025/097154 PCT/US2024/054441

delineates an apportionment of the economic benefits between the first entity and cach of the
other entities; and wherein the apportioning is done by one or more processors that receives
information regarding ecach of the agreements and information regarding the one or more
economic benefits for cach of the other entities, determines the apportionment between the first
entity and cach of the other entitics, and communicates information comprising the
apportionment to the first entity and/or each of the other entitics.

[002777  In certain embodiments a nucrobial composition as described herein is used, sach as a
microbial composition as disclosed herein, ¢.g., comprising bacteria and/or fungi, such as
compositions described herein, including but not limited to, in sections LB.1-6, for example
section EB.1, or LB.5, or LB 6., or a devivative thereof. Any suitable protocol may be used to
apply the microbial composition or derivative thereof, such as the methods described herein. In
certain embodiments, a delayed-release composition is used. In cortain embodiments, aerial
delivery, ¢.g., by one or more unmanoed vebicles is used, for example as described herein,
{00278]  The plants in the soil may be any suitable plants, such as plants described herein, e.g.
one or more of those described in Section LB 10, In certain cases, the plants are a commercial
crop. In certain entbodiments, the commercial crop i1s com. In certain cmbodiments, the
commercial crop 1s rice. In certain embodiments, the commercial crop 1s soy. In certain
embodiments, the commercial crop is wheat. In certain embodiments, the commercial erop is
barley. In certain embodiments, the commercial crop is oat. In certain embodiments, the
commercial crop is rve. In certain embodiments, the commercial crop is sugar cane. In certain
embodiments, the commercial crop is sorghum. In some cases, the plants are uncultivated plants,
such as plants on pastureland, wild grasslands, or forests. In certain cases, the plants are turf

plants, e.g., turf of a sporting surface, such as a golf course.

14, Trees

{80279  Microbial compositions, e.g., microbial compositions described herein, can be used
to improve one or more characteristies of trees. Typically, sucrobial compositions are supplied to
a user along with a second composition comprising one or more macronutrients, micronutrients,
or carbon sources for the trees; either or both of the microbial composition and the nutnient
composttion may be tatlored according to the type of tree, type of land, condition of the tree, and
the like. Instractions for use may also be supplied, ¢.g., as written material, oral matenal, or
material presented i andiovisual form. Tree growth can be increased, ¢.g., as compared to
reference tree growth, e.g., growth of the same tree in a certain previous time period, e.g., 1, 2, 3,
4,5,6,7, 8,9, or 10 years, or a strtlar trec i the same environment. Additionally or

alternatively, there can be an increase in sap production and/or various compounds found in sap,
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€.g., an mcrease in sugars, terpenes, minerals, nutrients, carbon compounds, hormones, various
organic carbon compounds, actds and proteins. Additionally or aliematively there can be an
jncrease o carbon-nich materials excreted from tree feaf exudate. Other bevefits include and
increase i root exudate production and/or enhancement of a3 tree’s ability to tap infto new sources
of groundwater and/or an increase in macronutrients and/or micronutrients deposited in leaves
and tree canopy and/or an increase i tree canopy and/or an tmaprovement in tree photosynthetic
capacity and/or enzymatically signaling tree roots to search for water and key nuirients and/or
reduction in evapotranspiration rates and/or increased retention of stomatal conductance of tree
foliage and/or an increase in tree primary and secondary growth and/or increases in epicormic
growth and/or an increase in tree seed germination rates and/or reduction 1o tree sced
germination time and/or Increases in plant growth rates in the stages of conception (sced), birth
(sprout), adelt (mature), and elder (decline} and/or Improved tree tmmune responses 1o stresses
such as drought and sotl degradation and/or Increased soil and root Mycorrhization and/or faster
wound healing, e g, after a pruning session. Effects may be seen in a very short time, e.g., less
than 6, 3,4, 3, 2, or 1 month, such as new epicormic growth thought to be dead or in slow
growing arcas and/or dramatic increases in leaf macro/micronutrient density and/or improved
leaf color and/or improved shoot clongation and bud development on all parts of mature and
juvenile trees and/or root biomass increases and/or increases in soil water holding capacity
and/or revitalization of mature trees. The various characteristics may be determined by any
suitable methods, such as methods known in the art. Tree growth may be measured by tree ring
growth, which can be measured by, e.g., core samples. An exemplary protocol s provided m
Example 29. In certain embodiments, in addition o a microbial composition and a nutrient
composttion, a usetr may be supplied with a kit for measuring tree ring growth. In certan
embodiments, provided is a kit comprising a microbial composition and a nutnent composition
wherein the compositions comprise sufficient matertad for 1, 2, 3, 4, 5, 6, 7, €, 9, 10 treatments,
for example, 1 treatment, or two treatments of 1, 2, 3, 4, 5.6, 7, 8, 9, 10 trees, for example, |
tree, or two trees. The tree can be a healthy tree, but i many cases a tree that is dormant or even
a tree thought to be dead.
{002801  In certain embodiments provided s a method of improving one or more
charactenstics of a tree rooted iv soil coraprising (1) providing one or more nutrienis to the soil in
which the tree 1s rooted: and (it} providing a composition comprsing at least 1, 2, 5, 10, 15, 20,
25,30, 35, 40,45, 50, 60, 70, 80, 90, 100, 120, or 150 and/or not more than 2, 5, 10, 13, 20, 25,
30, 35, 40, 45, 30, 60, 70, 80, 90, 100, 120, 150, or 200 dufferent microbes to the soil and/or the
tree in a fivst apphication. Both the microbes and the nutrients mayv be supplied in separate
containers to a user. The improved characteristic may be one or more of those described above.
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In certain embodiments, the improved charactenistic 1s an increase in tree rings, such as af feast 3
10, 20, 30, 40, 50, 60, 70, 80, 906, 1060, 150, 200, 300, or 400% increase. In certain emboduments,
the improved characteristic 15 an increase in diameter at breast height, such as at feast a 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 150, 200, 300, or 400% mcrease Improvements in one of more
5 characteristics may occur i a time after first application of the microbes and nutrients of less
than 6 months, 8 months, 10 months, 1, 1.2, 1.5, 1.7, or two vears.
[002811  In certain embodiments provided is a method of revitahzing a dormant tree
comprising applying to the soil in which the tree is rooted and/or the tree a composition
comprising at least |, 2, 5, 10, 13, 20, 25, 30, 35, 40, 45, 30, 60, 70, 80, 60, 100, 120, or 130
10 and/ornot move than 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 130, or 200
different microbes to the soil in wherein the microbial composition the tree 1S rooted in a first
application and allowing the tree to grow for a duration of time, such as less than 6 months, 8
months, 10 months, 1, 1.2, 1.5, 1.7, or two vears.
{002821 In certain embodiments provided s a kit comprising (1) a composition comprising at
feast 1,2, 5, 10, 15, 20, 28, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, or 130 and/or not more
than 2, 8, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 94, 100, 120, 150, or 200 difterent
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microbes in a first package: and (31} a composition comprising at feast 1, 2, 3,4, 5,7, 10, 15, 20,
34, 40, 50, 100, or 200 and/or not more than 2, 3,4, 3, 7, 10, 15, 20, 30, 40, 50, 100, 200 or 500
mitrients ig a second package, different from the first

20 [09283]  Any suitable microbial composition may be used in the methods of this section, such
as a composition compnsing a plurality of different nucrobes. In certain emboduments a
microbial composition as described herein is used, such as a composition comprising bactenia
and/or fungi, , such as compositions described herein, including but not linuted 1o, in sections
LB.1-6, for example section LB.1, or LB.5, or 1L B.6,, or a denivative produced from the

25 composttion. Any suitable protocol may be used to apply the microbial composition or derivative
thereof, such as the methods described herein, e.g., methods including more than one application
ot a microbial composition or denvative thereof. In certain embodiments, a delayed-release
composition is ased. In certain embodiments, acrial delivery, €.g., by one or more unmanned
vehicles 1s used, for example as described herein.

30 [0284] A trec may be anv suitable tree, such as a tree as disclosed herein, for example in
Section LB.10. In certain emboduments, the tree is a conmfer, e.g., pine. In certain embodiments,
the tree is an oak. In certain embodiments, the tree is a beech tree.

{00288]  In cortain embodiments provided is a kit compusing (1) a composition comprising at
least 1, 2,5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 126, or 150 and/or not more

35 than 23,10, 15, 20, 25, 30, 35, 40, 45, 30, 60, 70, 80, 90, 100, 120, 150, or 200 different
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microbes ia a first package; and (i) a composition comprising at least 1, 2, 3,4, 5,7, 10, 15, 20,
30, 40, 50, 100, or 200 and/or not more than 2, 3, 4, 5,7, 10, 15, 20, 30, 40, 50, 100, 200 or 500

nutrients in a second package, ditferent from the first,

i5, Increased biomass

[00286] Microbial compositions, such as microbial compositions described herein, can be
used (o inorease biomass of one or more plants grown in a growth medium where the growth
medium and/or the plants have been treated with the microbial composition, ¢.g., a microbial
composition as descenbed heren.

[002877  In certain embodiments provided herein is 3 method for increasing biomass of plants
or plant parts, ¢.g., plants or plant parts to be consumed by amimals, comprising (1} applying a
composition comprising a plurality of different microbes to the soil in which the plants are grown
or will be grown and/or the plants, | and (1) providing conditions sintable for growth of the
plants for a period of time; thereby increasing biomass of the plants or plant parts compared {o
reference plants or plant parts. In certaimn embodiments the period of time is at least 1, 2, 3, or 4
weeksor1,2,3,4,5,6,7, 8,9, 10, or limonthsor1,2,3,4,5,6,7,8 9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19, 0r 20 vears and ornot more than 2, 3, or 4 weeks or 1,2, 3.4, 3,6, 7,8 6, 10, or
Imonthsor},2,3,4,5,6.7,8 9 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, or 25 vears, for
example 1 month to 20 years, preferably 1 mouth to 10 years, more preferably 3 monthsto §
vears, even more preferably 3 months to 2 years, yet more preferably 3 months to one vear, still
more preferably 4 months to 1 vear. In certain embodiments the biomass is increased by at least
5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 120, 150, 200, 250, 300, 350, or 400%
and/or not more than 0, 15, 20, 25, 30, 35, 40, 45, 30, 60, 70, 80, 90, 100, 120, 150, 200, 250,
300, 330, 400, 500, 700, or 1000%, for example, at least 5, preferably at least 10, more
preferably at least 15, even more preferably at least 20, still more preferably at least 30, yet more
preferably at least 509, or for example at least 5-1000, preferably 3-700, more preferably 10-
1000, even more preferably 10-700, still more preferably 10-360, vt more preferably 20-500%.
{00288]  Auny suitable microbial composition may be used in the methods of this section, such
as a composition comprising a plurality of different microbes. In certain embodiments a
microbial composition as deseribed herein is used, such as a composition comprising bacteria
and/or fungi, , such as compositions desenbed herern, including but not limited 1o, in sections
LB 1-6, for example section LB.L, or LR.5, or 1. B.6,, or a denvative produced from the
composition. Any suitable protocol may be used to apply the microbial composition or derivative
thereof, such as the methods desenibed herein, ¢.g., methods including more than one application

of a microbial composition or derivative thereof. In certain embodiments, a delayed-release
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composition is used. In certain embodiments, acrial delivery, .., by ong or more unmanned
vehicles is used, for example as described herein.

[00289]  Plants growing i the soil can include any of the plants descabed herein, ¢ g, plants
described in section LB 10 herein. In certain cases, the plants are a commercial crop. In certain
embadiments, the commercial crop is corn. In certain embodiments, the conumercial crop is rice.
In certan emnbodiments, the commercial crop 15 soy. In certain embodiments, the conunercial
crop is wheat. In certain embodiments, the commercial erop is barfev. In certain embodiments,
the commercial crop is oat. In certain embodiments, the commercial crop is rve. In certain
embodiments, the commercial crop is sugar cane. In certam cmbodiments, the commercial crop
ig sorghum. In some cases, the plants are uncultivated plants, such as plants on pasturcland, wild
grasslands, or forests. In certain cases, the plants are turf plants, ¢.g., turf of a sporting surface,

such as a golf course.

16. Production methods

[00290]  Microbial compositions as disclosed herein can be produced using any suitable
method. In certain embodiments, provided herein are methods for preparng, e.g., propagating,
one or more microbes from a stock, e.g., a sced, comprising the one or more nucrobes. Stocks of
the microbes can be propagated for use in the composttions of the present application using
techmiques known 1o the art. The stock may comprise any suitable nunber of microbes. In certain
cases, it may be bencficial that the stocks are isolated and/or pure. In other cases, it may be
beneficial that the stocks comprise a plurality of different microbes. The stock can be any
suitable stock as described herein, such as a ervostock, for example a glveerol stock, a solid
mediam comprising one or more yuicrobe, .., an agar plate, and/or a liguid medium comprising
one or more microbe. Typically, the stock is brought to a working form, for example thawed in
the case of a eryostock. The stock is then inoculated mto a heterologous medinm. The medium is
typically chosen based on the nutritional requirements of the microbes. After inoculation, growth
is commonly effected in a culture vessel, such as a flask or a bioreactor. The culture vessel can
be any appropriate shape or size for propagating the microbes. The culture vessel can range in
size and scale from 10s of mLs to hiters to 1000s of liters. The culture vessel can be made of any
suitable material known and used in the art, for example glass and/or stainless steel. After
inocudated, the culture is incubated at an optimal growth temperature for the microbe sach that
the microbes replicate 1o a suitable level The growth medium can be incubated at {e.g., the
microbes are grown at} a temperature of at least 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
26, or 38 "C and/or not more than 12, 14, 16, 18, 20, 22, 24, 26, 28,30, 32, 34, 36, 38, or 406 °C,

for example 10-40 °C, preferably 20-30 "C, more preferably 26-30 "C for a suitable period of



10

[y
0

WO 2025/097154 PCT/US2024/054441

time, suchasat least 0.1,0.2,03,04,05,06,07,08,09,1,2,3,4,5,6,7,8,9,10, 11, 12, 13,
or 14 days and/ornot more than 0.2, 0.3, 04, 0.5,06,07,08,09,1,2,3,4,5,6, 78,9, 10, 11,
12, 13, 14, or 15 days, for exanmple 0.1-15 davs, preferably 5-12 days, more preferably 7-10 days.
Cultures can be propagated in batch, fed-batch, e.g., nutrients are added intermittently to the
culture to maintain optimal conditions without dideting the culture, or continuously, e.g., a
continuous stirred reactor, for example a turbidostat or a chemostat. The microbes can be sub-
cultured any number of times as needed to scale-up to produce the desired amount of microbes
for the for use in the compositions as disclosed herein. Once the desired amount of microbes
have been produced, the microbes can then be processed into a composition as described herein.
In certain embodiments, at least a portion of the growth medium is removed. The growth
mediam can be removed using any suitable technigue, such as filtration, centrifugation, spray
drying, or the like. The microbes can be further dried after removing at least a portion of the
growth medmm. The microbes from cach propagated stock may be processed, for example into a
powder, individually and later combined, for example as a powder, with microbes from one or
more stocks and/or one or more agriculturally acceptable adiuvants. Additionally or alternatively,
the microbes from one or more propagated stock may combined and then processed, for example
into a powder, and later combined, for example as a powder, with microbes from one or more
processed batches and/or one or more agriculturally acceptable adjuvants.

{00291} In preferred embodiments, the methods as disclosed herein are performed aseptically.
[00292] The methods as disclosed heremn can be used to grow any suitable number of microbe
stocks simultancously and/or sequentially. In certain embodiments, atleast 2, 3,4, 5,6, 7, 8,9,
10, 15,20, 25, 30, 40, 50, 60, 70, &C, 90, 100, 110, 120, 130, 140, or 130 microbe stocks are
separately grown using the method as disclosed herein.

[00293]  In certain embodiments, a growth medium {e.g, sohid or hguid medium) 15 moculated
with a stock of microbes. The stock can comprise any suitable stock, sach as a crvostock, e.g., a
slycerol stock, a solid medunn comprising one or more of the first microbe, e.g., an agar plate,
and/or a iquid redium comprising one or more of the first nucrobe. In certain embodiments, the
stock comprises a glyeerol stock comprising a glyeerol concentration of at least 1, 2,3, 4, 5,6, 7,
2,9 10,12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 35, 40, or 45% and/or no more than 2, 3, 4. 5, 6, 7,
8,9, 10,12, 14, 16, 18,20, 22, 24, 26, 28, 30, 35, 40, 45, or 50%, for example 1-50%, preferably
10-30%, more preferably 15-25%, even more preferably 18-22%,.

[00294]  In certain embodiments, at least a portion of the microbe stock is transferred to a solid
medium and distributed onto the solid medium, e.g., streaked or spread, and then grown at a
suitable temperature and time whereby the microbes are propagated. The solid medium can be

any suitable solid mediom. In preferred embodiments, the solid mednum comprises one or more
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starches, for example an oat starch, and a gelling agent, for example agar. In more preferred
embodiments, the solid medium comprises one or ore starches, a gelling agent, and a plurality
of vitanuns. In certain embodiments the solid mediun comprises ISP-3 or ISP-4 medium. The
gelling agent can be any suitable gelling agent, for example agar, pectin, gelatin, and the like,
preferably at a concentration of at least 0.1, 0.2,0.3,04,05,06,07,08,09, 1, 2.3, or 4 wt%
and/ornomorcthan 0.2, 0.3,04,0.5,0.6,07,0.8 0.9, 1, 2, 3, 4, or § wi%, for example 06.1-3
wit%, preferably (8.2-2 wi%, more preferably 0.4-1 wt%. In certain embodunents, the sohd
medium has been sufficiently dried prior to transfer of the at least portion of the stock such that
there are not visible droplets on the surface of the solid mednun.

[00295] In certain embodiments, microbes grown on the solid medium are removed from the
medium and used to produce one or more of the microbial compositions described herein. An
exemplary protocol for such procedures is provided i Example 33,

{00296]  In cortain embodiments, at least a portion of the stock of microbes and/or microbes
propagated on solid mediam is transferred to a hquid medivm, and then grown at a suitable
temperatore and time whereby the microbes are propagated. The liguid medium can be any
suitable hiquid medium. In preforred embodiments, the liguid mediura comprises one or more
starches, for example an oat starch. In more preferred embodiments, the hquid mediam
comprises one or more starches and a plorality of vitaming. In ceriain embodiments, the liquid
medium comprises oat mediom, for example 1SP-3 or ISP-4 without the agar.

[802977  Afier inoculating the growth medium, the growth medium is incubated at a sustable
temperature for a suitable period of time such that the nmucrobes replicate to a suitable level. Tn
certain embodiments, the growth medium s incebated at (e. g, the microbes are grown at) a
termperature of at feast 10, 12, 14, 16, 18, 20,22, 24, 26, 28, 30, 32, 34, 26, or 38 "C and/or not
more than 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, or 40 °C, for example 10-40 °C,
preferably 20-30 "C, more preferably 26-30 °C. In certain embodiments, the growth mediom is
incubated for {e.g., the microbes are grown fory atleast 0.1, 02, 03,04,05,06,07, 08,09, 1,
2,3,4,5,6,7,8,9 10, 11,12, 13, or 14 days and/ornot more than 0.2, 0.3,04,05,06,07, 08,
05,1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 days, for example 0.1-15 days, preferably 5-
12 days, more preferably 7-10 days. In certain embodiments, for example when the growth
mediumn comprises a solid medium, the suitable level to which the first microbe grows comprises
aconfluency of at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 0r 95%
and/or no more than 10, 15, 20, 2530, 35, 40, 45, 50, 33, 60, 63, 70. 75, 80, 85, 90, 95, or 100%.
for example 5~-100%, preferably 30-100%, more preferably 70-100%. In certaim embodiments,
for example when the growth medium comprises a liguid medium, the suitable level to which the
first microbe grows comprises a microbe concentration, e.g., turbidity, as measured by optical
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density, for example at 600 aM {(ODgoo), of atleast 0.2, 0.4, 06,08, 1,2,3,4,5,6,7, 8,9, 10, or
20 and/ornomorethan 0.4, 06,08, 1,2,3,4,5,6,7.8, 9, 16, 20, or 50, for example 0.2-30,
preferably 0.5-10, more preferably {-5. Any suitable method can be used to measurc the
concentration of microbes in the culture, for example optical density, cell counting, cytometry,
dry cell weight, colony forming units, and/or nucleic acid quantitication.
[00298]  In certain embodiments, atier the microbes have grown to a suitable level, at least a
portion of the heterologous medium is removed. Where the heterologous medium comprises a
solid medivm, the population of microbes can be removed from the solid medium, e.g.,
harvested, using any suitable techoique, such as scraping. Where the heterologous medium
comprises a liquid medium, the population of microbes can be removed from the hguid medium
using any suitable technigue, such as filtration, centrifugation, spray drying, or the like. Any
suitable number of propagations may be performed to scale-up to generate the desired amount of
nucrobes. In certain embodiments, the population of microbes ts then further concentrated/dried.
{00299] The propagated microbes can be concentrated by, for example, removing at least a
portion of the first and/or second heterologous medium. Any switable amount of the heterologous
medium can be removed, such as at least 20, 25, 30, 35, 40, 45, 30, 55, 60, 63, 70, 75, 80, 85, 90,
95, or 100% of the heterologous medium. The beterologous medium can be removed using any
suitable method, for example filtering and/or drving in a sterile environment.
[00300]  In cortain embodiments, the at least portion of the growth medium is removed by
filtration. The filter can comprise any suitable filter such that at least a portion of the microbes
are thereby retained to produce a retentate comprising one or more microbes and a filtrate
comprising at least a portion of the growth medium. In certain embodiments, the filter is
configured to retain at least 20, 30, 40, 30, 60, 70, 80, 83, 90, 93, 99, or 100% of the microbes in
the growth medium. The filter can comprise a first filter layer. The first filter layer can comprise
apore size of atfeast 0.2, 2, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 260, or 280
and/or not more than 2, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, or 300
um, for example, 0.2-300 uo. In certain emboduments, the first filter fayer comprises a pore size
of atleast .2, 2, 20,40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 260, or 280 and/or not
more than 2. 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280. or 300 um, for
example, 0.2-300 um, preferably 120-240 um, more preferably 160-220 um. The filter can
further comprise a second filter laver under the first filter layer comprising a pore size smaller
than the first filter fayer. The second filter layer can comprise a pore size of atleast 0.2, 2, 20, 40,
60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 260, or 280 and/or not more than 2, 20, 40, 60,
80, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, or 300 um, for example, 0.2-300 um,
preferably 20-100 wm, more preferably 40-80 um. In certain embodiments, the portion of
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microbes retammed comprises at feast 40, 50, 60, 70, 80, 90, 95, 96, 97, 9§, 99, 995,999, or
160% of the microbes, for example at least 50, preferably at least 70, more preferably at least 90,
cven rore preferably at least 93, vet more preferably at least 98, still more preferably at least
99%. In certain embodiments, after filtering, the microbes are removed from the filter and placed
in a collection vessel. Additionally or alternatively, the microbes can be spray dried and/or
lvophilized.

[00301]  In certain embodiments, after filtration, the microbes retained on the filter are further
dried, for example in a laminar flow hood. Inn certain embodiments, at least 50, 60, 70, 80, 90, 93,
99, or 100% of the excess water is removed from the microbes. In certain embodiments, the dried
microbes comprise less than 5,2, 1,0.5,04, 0.3, 0.2, 0.1, 0.05, 0.01, 0.003, or 0.001% water by
weight, for example less than 1, preferably less than 0.3, more preferably less than 0.1, even
more preferably less than 0.01, yet more preferably loss than 0.005, still more preferably less
than ¢.0019%.

{00302] In certain embodiments, the dried microbes are then processed into a powder. In
certain embodiments, the powder comprises a median particle size of at least 20, 30, 40, 50, 60,
70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 220, 250, 370, 300, or 400 um
and/or no more than 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 130, 160, 170, 180, 190,
204, 220, 250, 270, 300, 400, or 300 um, for example 20-500 wm, preferably 90-270 um, more
preferably 140-220 um, even more preferably 160-200 um, still more preferably 170-190 um.
Any suitable technigue can be used {0 process the dried first population of microbes to the
desired median particle size, for example blending.

{00303 Once dried, the dried microbes may be processed into a powder and stored until
further use. In certain embodiments, the doed microbes are combined with one or more
agriculturally acceptable adjuvants. As shown in Figures la and 1d, powdered stocks of microbes
{101) may then be combined to form any one of the compositions as disclosed herein (1033, and,
optionally, mixed with one or more agricuiturally acceptable adjuvants {102}, as disclosed
herein, for example one or more liquid carriers, solid carriers, surfactants, viscosity modifiers,
thickeners, rheology additives, structuring agents, preservatives, biocides or biostatic agents,
antifreezes, crystallization inhibitors, suspending agents, dyes, anti-oxidants, foaming agents,
light absorbers, light blockers, mixing auxiliarics, antifoams, complexing agents, neutralizing or
pH-modifving substances and buffers, corrosion intubitors, fragrances, wetting agents, take-up
enhancers, micromutrients, plasticizers, glidants, hubricants, and dispersants.an emulsifier, a
carticr, a stabilizer, or a combination thercof. Any suitable nuwber of stocks can be propagated
and then combined, forexample 1, 2, 3,4, 3,6, 7, 8,9, 10, 13, 20, 23, 30, 40, 30, 60, 70, 80, 90,
100, 110, 120, 130, 140, or 150 stocks.
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{00304]  In certain embodiments, the dried microbes are then combined with one or more
agriculturally acceptable adjuvant. Any suttable agriculturally acceptable adjuvant can be used,
such as an cmulsifier, e.g., a surfactant, and/or a carrier.
[00305]  In certain embodiments, the agricultorally acceptable adjuvant comprises an agent
3 that helps the powder composition dissolve in water, e g., a wetiting agent. fn cortain
embodiments, the emulsifier comprises a surfactant and/or a lipid, for example sov lectthin,
yucea powder, Tween 20, and/or Tween §0. In certain embodiments, the emulsifierisat a
concentration ofatleast 05,06, 07, 08,08 1, 11,12, 13,14, 15,16, 17,18, 19,2, 2.1,
22,23,24.25 3,456 7. 8, or9witVoand/orno morcthan 0.6, 0.7, 08,09, 1, 1.1, 1.2, 1.3,
0 14,1516 17 18, 1.9,2,21,22,23,24,25,3,4,5,6,7,8,9, or 10 wt%, for example 0.5-
10 wt%, preferably 1-3 wit%, more preferably 1.8-2.2 wi%. In cortain embodiments, the carrier
comprises a saccharide, for example a monosaccharide, di-saccharide, tri~saccharide, and/or a
polvsacchande, e. g, glucose, lactose, maltose, and/or galactose. In certain emabodiments, the
carrier comprises ghucose. In certain embodiments, the carrier is at a concentration of at least 58,
35,60, 65,70, 73,80, 85,90, 91, 92, 93,94, 95,96, 97, 98, or 99 wt% and/or no more than 55,

60, 65,70, 75, 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 wi%, for example 50-100
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wi%, preferably 70-100 wt%, more preferably 80-100 wt%, cven more preferably 90- 100 wi%,
still more preferably 95-100 wi%.
[00306]  In certamn embodiments, the one or more carriers comprise a monosaccharde, a
20 polysacchanide, a lipid, or a combination thereof. In cerfain embodiments, the one or more
carriers comprises a monosaccharide. In certain emnbodiments, the monosaccharide comprises
glucose. In cortain embodiments, the concentration of the monosaccharide is at least 20, 30, 40,
36, 60, 70, 80, B3, 86, 87, 88, 89, 90, 91, 92,93, 94 93, 97 98, or 99 wt% and/or not more than
30, 40, 50, 60, 70, 80, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 953,97, 98, 99, 99.5, or 99.9 wi%, for
25 example 20-99 wi%, preferably 70-95 wi%., more preferably 85-95 wit%. In certain
embodiments, the one or more agriculturally acceptable adjuvants comprise a polysacchande. In
certain embodiments, the polvsaccharide comprises a starch. In cortain embodiments, the starch
is derived from vucca. In certain embodiments, the starch s derived from oat. In certain
embodiments, the concentration of the polysacchanide isatleast 0.2, 04, 06,08, 1, 1.2, 1.4, 1.6,
300 18.2,272,24,26,28, 3, ordand/ornotmorcthan 0.4,06,08 1,12, 14,16,18.2,22,24,
26,28, 3,4, or 5 wt%, for example, 0.2-3 wt%, preferably -3 wit%, more preferably 1.4-2.6
wit%, even more preferably 1.8-2.2 wt%. In certain embodiments, the one or more agriculturally
acceptable adjuvants comprises one or more surfactants. In certain embodiments, the surtactant
comprises a lipid. In certain embodiments, the Hipid comprises a lecithin. In certain embodiments,
35 the lecithin comprises a soy lecithin, In certain embodiments, the concentration of surfactant is at
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least 0.2,04,06,08 1,12 14,16, 18.2,22,24, 26,238, 3 or4and/or not more than 0.4,
06,08 1,12, 14,16,18.2,22,24,26,28,3,4,or5 wi%, for example, 0.2-5 wi%,
preferably 1-3 wit%, more preferably 1.4-2.6 wt%, even more preferably 1.8-2.2 wit%.
[00307]  An exemplary method for propagating and/or processing one or more microbes is
53 shown in Figure 1b. Brietly, a stock of microbes is trapnsferred to solid mediam and grown o
form colonies. At least a portion of the bactenia within the colomies are transferred to a liquid
medium and grown to a desired concentration. Thereafter, the solution of microbes is
conceriration by removing at least a portion of the liquid mediem. The microbes are then dried
and, optionally, combined with one or more agriculturally acceptable adjuvants to form a
10 composition comprising dried microbes and one or more agriculturally acceptable adjuvants.
Muitiple dried stocks of microbes may be combined before or after adding the one or more
agriculturally accepted adjuvanis.
{00308] An exenplary method for propagating and/or processing one or more microbes is

shown in Figure 1o, Specifically, frozen culture of each microbe are separately streaked onto oat
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agar medium and mcubated at 28 "C for 7-10 days until swtable confluency has been achieved.

At least a portion, preferably ~50% of the surface area of the plate, are separately harvested and

separately inoculated mito hiquid medum, preferably oat iquid medium and grown at 28 °C for 7-

10 davs. The microbes are then combined and sieved through a filter. Retained microbes are

dried and processed to a powder. The microbe powder is then combined with one or more

20 agnculturally acceptable adjuvants, for example glucose and, optionally, sov lecithan or vucca
powder, to produce a composition comprising a plurality of microbes.
{00309] The processed microbes can be stored in any suitable packaging. The packaging may
be a scaled bag, that optionally protects the microbes from any environmental stressors, such as
UV light.

25 j00316] In certain embodiments, the microbes comprises a viability of at least 10%, 107, 108,
107501 10, 102 10%, or 101, andfor not more than 107, 105, 107,101,109, 102, 10°, 10, or
108 CFU/em of composition, preferably 10° 10 10'°, more preferably 107 to 104, even more
preferably 107 to 101, vet more preferably 107 to 10!, even vet more preferably 10% 1o 101
CFU/gm of composition cfu/g after processing.

30 (60311} In certain cases, it may be beneficial that the stocks are isolated and/or pure. In other

cases, it may be beneficial that the stocks comprise a plurality of different microbes.

f00312]  In certain embodiments, the first microbe and the one or more additional microbes are

first grown separately, combmned, and then grown together. fn cerfain embodiments, growth

media {e.g., solid or liquid media) are separately inoculated with a portion of a stock of the

35 respective microbe to be growth in the growth medium, for example in the case of growing two
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microbe and a second growth medium s separately inoculated with a portion of a second stock of
the second microbe. The stock can comprise any suitable stock, such as a cryostock, e.g, a
glycerol stock, a solid medinum comprising one or more of the microbes, e.g., an agar plate,
and/or a liquid medium comprising one or more of the microbes. In certain embodiments, the
stock comprises a ghycerol stock comprising a glycerol concentrationof atleast 1,2, 3,4, 5,6, 7,
8,90, 10,12, 14, 16, 18, 20,22 24 26, 28, 30, 35,40, or 45% and/orno more than 2, 3, 4,5, 6, 7,
%910, 12, 14, 16, 18,20, 22, 24, 26, 28, 30, 35, 40, 45, or 50%, for example 1-50%, preferably
16-30%, more preferably 15-25%, oven more preferably 18-22%. After inoculating the growth
medium, the growth medium is incubated at a suitable temperature for a suitable peniod of time
such that the microbes replicate to a suitable level. In certain embodiments, the growth medium
is mcubated at {e.g., the microbes are grown at} a temperature of at least 10, 12, 14, 16, 18, 20,
22, 24,26, 28, 30, 32, 34, 26, or 38 "C and/or not more than 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32, 34, 36, 38, or 40 “C, for example 10-40 "C, preferably 20-30 "C, more preferably 26-30°C. In
certain embodiments, the growth medivm is incobated for (e.g., the microbes are grown for) at
least 0.1,0.2,03,04,05,06,07,08,09,1,2,3,4,5,6,7,8,9,10, 11,12, 13, or 14 days
and/ornot more than 0.2, 03,04,0.3,06,07,08,09,1,2,3,4,5,6,7,.8,9, 10, 11, 12, 13, 14,
or 15 days, for example 0.1-15 days, preferably 5-12 days, more preferably 7-10 days. In certain
embodiments, for example when the growth medium comprises a solid meduu, the suitable
level to which the microbe grows comprises a confluency of at least §, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, or 95% and/or no more than 10, 15, 20, 25, 30, 35, 40, 45,

, 60, 65,70, 75, 80, 85, 90, 95, or 100%, for example 5~-100%, preferably 50-100%, more
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preferably 70-100%. In cortam embodiments, for example when the growth medim comprises a
higuid medium, the suttable level to which the first microbe grows comprises a microbe
concentration, ¢.g., turbidity, as measured by optical density, for example at 600 nM {ODsoo}, of
atleast02,04,06,08 1,2,3,4,5,6,7,8,9, 10, or 20 and/ornomore than 04, 0.6, 0.8, 1, 2,
3.4,5,6,7, 8,9, 10, 20, or 50, for example 0.2-50, preferably 0.5-10, more preferably 1-5. Aoy
suitable method can be used to measure the concentration of microbes in the culture, for example
optical density, cell counting, cytometry, dry celi weight, colony forming units, and/or nucleic
acid guantification.
[00313] In certaim embodiments, provided herein are methods for preparing, e.g., growing,
two or more microbes together. In certain embodiments, the method comprises growing a first
nucrobe and one or more additional nucrobes, such as atleast 1,2, 3,4, 5.6, 7,8, 9, 18, 20, 30,
40 and/or not more than 2, 3, 4, 5,6, 7. 8,9, 10, 20, 30, 40, or 50 additional microbes, for
example 1-50 additional microbes, preferably 1-20 additional microbes, more preferably 1-10
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additional microbes. Thus, in certain embodiments, the method comprises growing together at
least 1,2.3,4,5,6,7,8,9, 10, 20, 30, 40 and/ornot morc than 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30,
40, or 50 microbes, for example 1-50 total microbes, preferably 1-20, more preferably 1-10. In
certain embodiments, the first microbe and one or more additional microbes are grown in a first
3 heterologous medium. fo certain embodiments, the first microbe and one or more additional
muicrobes are grown from a stock of the first microbe in a first heterologous medium to produce a
first population of microbes. At least a portion of the first population of microbes is then
transferred to a second heterologous medium and growa to produce a second population of
microbes. In certain embodiments, the first population of microbes and/or the second population
10 of microbes are then concentrated, for example at least a portion of the first and/or second
heterologous medium are removed thereby concentrating the microbes. In certam embodiments,
at least 20, 25, 30, 35, 40, 45, 50, 35, 60, 65, 70, 75, 80, &5, 90, 95, or 100% of the heterologous
medium s removed.

[00314]  In certain embodiments, provided herein is a method of growing one or more

[y
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microbes comprising noculating a heterologous medium with a first population of microbes,

e.g., a stock of microbes comprising any one of Streptomyces designation 1-43 {deposited as

ATCC Nos. PTA-127367-1274 13, respectively) as shown in Table 2, or 0-46-0140, or one or

more microbes from one or more of ATCC Nos. 127834-127850, and providing suitable

conditions for one or more microbes to grow.

20 [88318] In certain embodiments, the first stock can be, but is not required to be, pure.
[003161  In certain embodiments, the first population comprises Streptomyees designation 1. In
certain embodiments, the first population comprises Streptomyces designation 2. In certain
embodiments, the first population comprises Streptomyces designation 3. o certain
embodiments, the first population comprises Streptomyces designation 4. In certain

25 embodiments, the first population comprises Streptomyces designation 5. In certain
embodiments, the first population comprises Streptomyces designation 6, In certain
embodiments, the first population comprises Streptomyces designation 7. In certain
embodiments, the first population comprises Streptomyces designation 8. In certain
embodiments, the first population comprises Streptomyces designation 9. In certain

30 emboduments, the first population comprises Streptomyces designation 10, In certain

embodiments, the first population comprises Streptomyces designation 11, Tn certain

embodiments, the first population comprises Streptomyces designation 12, In certain
embodiments, the first population comprises Streptomyees designation 13, In certain
embodiments, the first population comprises Streptomycees designation 14, In certain

35 embodiments, the first population comprises Strepiomyces designation 13, In certain
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embodiments, the first population comprises §
R

embodiments, the first population comprises

embodiments, the first population comprises Streptomyces designation 18
embodiments, the first population comprises Streptomyces designation 19,
embadiments, the first population comprises Streptomyces designation 20.
embodiments, the first population comprises Streptomyces designation 21
embodiments, the first population comprises Streptomyces designation 22
embodiments, the first population comprises Streptomyces designation 23.
embodiments, the first population comprises Streptomyces designation 24.
embodiments, the first population comprises Streptomyces designation 25,
embodiments, the first population comprises Streptomyces designation 26.
embodiments, the first population comprises Streptomyces designation 27
embodiments, the first population comprises Streptomyees designation 28,
embodiments, the first population comprises Streptomyces designation 29.
embodiments, the first population comprises Streptomyces designation 30,
embodiments, the first population comprises Streptomyces designation 31

embodiments, the first population comprises Streptomyces designation 32

embodiments, the first population comprises Streptomyces designation 33.
embodiments, the first population comprises Streptomyces designation 34
embodiments, the first population comprises Streptomyces designation 35
embodiments, the first population comprises Streptomyces designation 36,
embodiments, the first population comprises Streptomyces designation 37.
embodiments, the first population comprises Streptomyces designation 38
embodiments, the first population comprises Streptomyces designation 39
embodiments, the first population comprises Streptomyces designation 40,
embodiments, the first population comprises Streptomyces designation 41
embodiments, the first population comprises Streptomyces designation 42,
embodiments, the first population comprises Streptomyces designation 43.
embodiments, the first population comprises Streptomyces designation 44,

embodirents, the first population comprises Streptomyces designation 45,

freptomyces designation 16.

{
treptomyces designation 17.
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In certain
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In certain
In certain
{0 certaim
In certam
in certain
In certain
In certain
In certain
In certain

fn certain

embodiments, the first population comprises any one of the microbes in Streptomyces

designation 46.

100317]

In certain embodiments, the heterologous medium comprises a solid medium. o

certain embodiments, the solid mediam comprises agar. In certain embodiments, the

concentration of agaris atleast 03,04, 05,06,0.7,08,0.9, 1, 1.1, 1.2, 1.3, or 1 4 and/or no

-180-



10

[y
0

WO 2025/097154 PCT/US2024/054441

more than 04, 0.5,0.6,07, 08,09, 1, 1.1, 1.2, 1.3, 14, or 1.5 g/, for example 0.3-1.5 g/L,
preferably 0.4-1 ¢/, more preferably, 0.6-0.8 g/1.. In certain erobodiments, the heterologous
medimn comprises a iquid medium. fn certain embodiments, the heterologous mediu
comprises a polysaccharide, a disaccharide, a monosaccharide, a gum, a natural or synthetic
derivative thereof. In certain cmbodiments, the hetorologous medium comprises a
polysacchanide. In cortain embodiments, the polysaccharide comprises a starch. In certain
embodiments, the starch is an oat starch. In certamn ernbodiments, the concentration of starch s at
least 10, 20, 30, 40, 50, 60, 70, 80. or 90 /L and/or not more than 20, 30, 40, 30, 60, 70, 80, 90,
or 100 g/L, for example 10-100, preferably 20-80, more preferably 30-70. o cortain
embodiments, the heterologous mediam further comprises a vitamin. In certain embodiments, the
vitamin comprises Vitamio A, Vitamin C, Vitamin B, Vitamin E, Vitamin Bl, Vitanun B2,
Niacin, Vitamin Bé, Folate, Vitamin B12, Biotin, Pantothenic Acid, Caletwm, Iron, Todine,
Magnestum, Zing, Sclenium, Copper, or a combination thercof. In certam embodiments, the
vitamin comprises Vitamin A. In certain embodiments, the Vitamin A is present at a
concentration of at least 100, 200, 300, 400, 500, 600, 700, 800, 604, 1000, 1100, 1200, 1300, or
1400 and/or not more than 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300,
1400, or 1500 ug/L, for example 100~1500, preferably 300-1000, more preferably 500-900, even
morse preferably 600-800. In certain embodiments, the vitamin comprises Vitamin C. In certain
embodiments, the Vitamin C 15 present at a concentration of at least 10, 20, 30, 40, 530, 60, 70,
80, 90, 100, 110, 120, 130, or 140 and/or not more than 20, 30, 40, 50, 60, 70, 80, 90, 100, 110,
128, 130, 140, or 150 mg/L., for example 10-30, preferably 50-130, more preferably 70-110, even
more preferably 80-100. In certain embodiments, the vitamin comprises Vitamin D. In certain
embodiments, the Vitamin D is present at at least 5, 10, 15, 20, 25, 30, 35, 40, or 43 and/or not
more than 10, 15, 20, 25, 30, 35, 40, 45, or S0 ug/L, for example 3-50, preferably 10-40, more
preferably 15-35, even more preferably 20-30. In certain embodiments, the vitamin comprises
Vitamin E. Tn certain emboduments, the Vitamin E is present at a concentration of at least 5, 7, 9,
P, 13, 105,17, 19, 21, or 23 and/or not more than 7, 9, 11, 13, 15,17, 19, 21, 23, or 25 mg/L., for
example 5-25, preferably 9-21, more preferably 11-19, even more preferably 13-17. In certain
embodiments, the vitamin comprises Vitamin Bl In certain embodiments, the Vitamin Bl is
present at a concentration of atleast 1, 1.2, 1.4, 1.6, 1.8,2,2.2,24,26,28,3,32,34,36,0r
38and/ornotmorethan 1.2, 14,16,18,2,22,24,26,2.8 3,32, 34,3.6,38, ordmg/L, for
example 1-4 mg/L., preferably 1.6-3.2, more preferably 2-2.8, even more preferably 2.2-2.6 In
certain embodiments, the vitamin comprises Vitanun B2. In certain embodiments, the Vitamin
B2 is present at a concentration of at least 1.25, 1.35, 1,45, 155, 165, 1.75, 1.85, 1.95, 2.05,
2.15,2.25,2.35,245,2.55,2.65, or 2.75 and/or not more than 1.35, 1.45, 1.55, 1.65, 1.75, 1.85,
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1.95,2.05,2.15,225,2.35,245,2.55,2.65,2.75, or 2.85 mg/L, for example 1.25-2 85,

preferably 1.55-2.55, more preferably, 1.65-2.45, more preferably 1.85-2.05. In certain
embodiments, the vitamin comprises Niacin, In certain crobodiments, the Niacin is present at a
concentration of at least 10, 12, 14, 16, 18, 20, 22, 24,26, 28,30, 32 34, 36, ¢or 38 and/or not
more than 12, 14, 16, I8, 20, 22,24, 26, 28, 30, 32, 34, 36, 38, or 40 mg/L, for examaple 10-40,
preferably 14-36, more preferably 18-32, cven more preferably 20-28. It cortain embodiments,
the vitanin comprises Vitarmin B6. In certain embodiments, the Vitamin B6 is present at a
concentration ofatleast 2,2.2,2.4,26,2.8 3.32.34,.36.38.4,42. 44, 4.6 or4.8 and/or not
morethan 22, 24,2.6,28.3,32,34,3.6,38.4,42,44,46,48, or 3 mg/L. tor example 2-53,
preferably 2.6-4 4, more preferably 3-4, even more preferably 3-3.8. In certain embodiments, the
vitamin comprises Folic Acid. In certain embodiments, the Folic Acid is presentat a
concentration of at least 120, 160, 200, 240, 280, 320, 360, 400, 440, 480, 520, 560. 600, 640, or
680 and/or not more than 160, 200, 240, 280, 320, 360, 400, 440, 480, 520, 360, 600, 640, 680,
or 720 ug/L, for example 120-720, preferably 240-600, more preferably 320-480, even more
preferably 360-440. In certain embodiments, the vitamin compnses Vitamin B12. In certain
embodiments, the Vitanun B12 is present at a concentration of at least 5.4, 6, 6.6, 7.2, 7.8, 8.4,
90,96, 102 108, 114,12, 126,132, or 13 8 and/or not more than 6, 6.6, 7.2, 7.8, 84, 9.0,
96,102, 108 114,12, 12,6, 13.2, 13.8, or 14 4, for example 5.4-14 4, preferably 7.2-12.6,
more preferably 8.4-11.4, even more preforably 9-10.2. In certain embodiments, the vitamin
comprises Biotin. In certain embodiments, the Biotin 1s present at a concentration of at least | 10,
15,20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, or 80 and/or not more than 15, 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 73, 80, or 85 ug/L, for example 10-85, preferably 20-75, more
preferably 30~65, even more preferably 35-535. In certain embodiments, the vitamin comprises
Pantothenic Acid. In certain embodiments, the Pantothenic Acid is present at a concentration of
atleast 4,435,555, 6,65,7,75,8,85,6,95 10, 10.5, or 11 and/or not more than 4.3, 5, 5.3,
6,65 7,75 8,85,9,95 10, 105, 11, or 11.5 mg/L, forexample 4-11.5, preferably 5.3-10,
more preferably 6.5-9, even more preferably 7-8. In certain embodiments, the vitanun comprises
Calcium. In certain embodiments, the Calctum is present at a concentration of at least 60, 70, 80,
90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 and/or not more than 70, 80, 90,
160, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, or 210 mg/L., for example 60-210,
preferably 80-190, more preferably 100170, even more preferably 120-140. Tn certain
embodiments, the vitamin comprises fron. In certain embodiments, the fron is present at a
concentration of at least 4, 6, &, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, or 32 and/or not more
than 6, 8, 10, 12, 14, 16, 18, 20,22, 24, 26, 28, 30, 32, or 34 mg/L, for example 6-34, preferably
12-26, more preferably 14-22, even more preferably 16-20. In certain embodiments, the vitamin
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comprises lodine. In certain embodiments, the fodine is present at a concentration of at least 80,
90, 100, 110, 120, 130, 140, 150, 160,170, 180, 190, 200, 210, or 220 and/or not more than 90,
100, 110, 120, 130, 140, 136, 160,170, 180, 190, 200, 210, 220, or 230 mg/L, for cxample 80-
230, preferably 100-200, more preferably 120-180, even more preferably 140-160. In certain
embadiments, the vitamin comprises Magnesium. In certain embodiments, the Magnesium is
present at a concentration of at least 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62, 66, or 70
and/or not more than 18, 22, 26, 30, 34, 38,42, 46, 50, 54, 58, 62, 66, 70, or 74 mg/L., for
example 18-74, preferably 22-62, more preferably 30-54, even more preferably 38-46. In certam
embodiments, the vitamin comprises Zinc. In certain embodiments, the Zinc is present at a
concentratton of atleast 2, 3,4, 5,6, 7,8, ¢, 10, 11, 12, 13, or 14 and/or not more than 3, 4, 5, 6,
7.8,9,10, 11,12, 13, 14, or 15 mg/L, for example 2-15, preferably 3-13, more preferably 5-11,
even more preferably 7-9. In certain embodiments, the vitamin comprises Selentum. In certain
embodiments, the Selenium is present at a concentration of at feast 13, 17, 21, 25,29, 33, 37, 41,
45,49 53, 57,61, 65, or 6Y and/or not more than 17, 21, 25, 29, 33, 37, 41, 45, 49, §3, 57, 61,
65, 69, or 73 ug/L, for example 13-73, preferably 25-57, more preferably 29-533, even more
preferably 37-45. In certain embodiments, the vitamin comprises Copper. In certain
embodiments, the Copper is present at a concentration of at least 0.65, 0.75, 0.85, 0.95, 1.05,
115, 1.25, 135, 145,155,165, 1.75, 1.85, 1.95, or 2.05 and/or not more than 0.75, 0.85, .95,
108, 115,125, 1.35, 1453, 155, 165 1,75, 185, 1.95,2.05, or 2.13 mg/L., for example .65~
2.15, preferably 0.85-1.85, more preferably 1.05-1.65, even more preferably 1.25-1.45.
[00318]  In certain embodiments, the first population of microbes 13 in a stock solution
comprising a cryoprotectant prior to inoculating. In certain embodiments, the cryoprotectant
comprises ghycerol, ethylene glveol, propylene glveol, urea, calcium chloride, sodium nitrate,
magnesium chloride, ammonium sulfate, or a combination thereof. In certain embodiments, the
cryoprotectant comprises glycerol. In cerfain embodiments, the glycerol is present at a
concentration of atleast 1,2, 3,4, 5,6, 7, 8,9, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 35, 40,
ord453% and/ornomore than 2, 3,4, 5,6, 7. 8,9, 10, 12, 14, 16, 18, 20, 22, 24, 265, 28, 30, 35, 40,
45, or 50% v/v, for example 1-50%, preferably 10-30%, more preferably 15-25%, even more
preferably 18-22%.
{06319]  In certain embodiments, the method further comprises moculating the heterclogous
mediwm with a second population of microbes different from the fivst. In certan embodiments,
the method further comprises moculating the heterologous medium with a third population of
nucrobes different from the first or the second. In certain embodiments, the method further
comprises noculating the heterclogous medium with a fourth population of mierobes different
from the first, second, or third. In certain embodiments, the method further comprises inoculating
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the heterologous medium with a fifth popelation of microbes different from the first, second,
third, or fourth.
{00320]  Iv cortain embodiments, the method further comprises concentrating the one or more
microbes after growing. In certain cmbodiments, concentrating comprises filtering. In certain
embadiments, the filtering 1s through a filter comprising pores of a size sufficient to retain at
least a portion of the microbes. In certain crobodiments, the filter comprises a first filier layer
comprising pores of a first size and a second filter layer comprising pores of a second size. In
certain embodiments, the pores are of a size of at feast .2, 2, 20, 40, 60, 80, 100, 120, 140, 160,
180, 200, 220, 240, 260, or 240 and/or not more than 2, 20, 40, 60, 80, 100, 120, 140, 160, 180,
260, 220, 240, 260, 280, or 300 um, for example, 0.2-300 um. In certain embodiments, the first
size is at least 0.2, 2, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 260, or 280 and/or
not more than 2, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, or 300 um, for
example, 0.2-300 um, preferably 120-240 um, more preferably 160-220 un. To certain
embodiments, the second size s at feast 0.2, 2, 20, 40, 60, 8G, 100, 120, 140, 160, 180, 200, 220,
240, 260, or 280 and/or not more than 2, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240,
260, 280, or 300 um, for exarnaple, 0.2-300 urn, preferably 20-100 um, more preferably 40-80 um.
In certain embodiments, the portion of microbes retained comprises at least 40, 50, 60, 70, 80,
90, 95, 96, 97, 98, 69, 99.5, 999, or 100% of the microbes, for example at least 50, preferably at
least 70, more preferably at least 90, even more preferably at least 95, vet more preferably at
least 98, still more preferably at least 99%. In certain embodiments, concentrating comprises
freeze drving. In certain embodiments, concentrating comprises spray drying.
[003217  In certain embodiments, after concentrating, the microbes are transferred to a
collection vessel. Tn certain embodiments, the concentrated microbes comprise less than 3, 2, 1,
0.5,04,0.3,02, 0.1, 0.05, 0.01, 0.005, or 0.001% water by weight, for example less than 1,
preferably less than 0.3, more preferably less than 0.1, even more preferably less than 0.01, vet
more preferably less than .005, still more preferably less than 0.001%.
[00322]  In cortain embodiments, the concentrated microbes are combined with one or more
agriculturally acceptable adjuvants. In certaim embodiments, the one or more agriculturally
acceptable adjuvants comprise one or more carriers. In certain embodiments, the one or more
carrers comprise a monosaccharide, a polysaccharide, a lipid, or a combination thereof. It
certain embodiments, the one or more carners comprises a monosaccharide. In certain
embodiments, the monosaccharide comprises glucose. In certain embodiments, the concentration
of the monosaccharide 15 at least 20, 30, 40, 50, 60, 70, 80, 83, 86, 87, 88, 89, ¢, 91, 92, 93, 94,
93, 97, 98, or 99 wit% and/or not more than 30, 40, 508, 60, 70, R0, 85, 86, 87, 88, 89, 90, 61, 92,
93,94, 95, 97,98, 99, 99 5, or 99.9 wit, for example 20-99 wibo, preferably 70-95 wit%, more
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preferably 85-95 wt%. In certain embodiments, the one or more agriculturally acceptable
adjuvants comprise a polysacchande. In certain embodiments, the polysaccharide comprises a
starch. In certain erabodiments, the starch is derived from yucca. In cortam emboduments, the
concentration of the polysaccharide is at least 0.2, 04,046,068, 1,12, 14, 16,18.2,22 24,

3 26,28, 3, ordandornotmorcthan 04,006,008, 1,12, 14,16, 18.2,22,24,26 28 3,4 or
5 wt%, for example, 0.2-3 wt%, preferably 1-3 wt%, more preferably 1.4-2.6 wi%, cven more
preferably 1.8-2.2 wi%. In certain embodiments, the starch is derived from an oat. In certain
embodiments, the one or more agriculturally acceptable adjuvants comprises one or more
surfactants. In certain embodiments, the surfactant comprises a lipid. In certain ermabodiments, the

10 hipid comprises a lecithin, In certain embodiments, the lecithin comprises a soy lecithin. In
certain embodiments, the concentration of surfactant is at least 0.2, 04,06,08, 1,12, 14, 1.6,
18.2,22,24,26,28, 3, ordandfornotmorethan 04, 06,08, 1,12, 14,16, 182,22 24,
2.6,2.8,3, 4, or 5 wi%, for example, 0.2-5 wi%, preferably 1-3 wi%, more preferably 1.4-2.6

wit%, even more preferably 1.8-2.2 wt%.
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f003231 In certain embodiments, the dried microbes are processed to a powder,

[00324]  In certain embodiments, the method further comprises placing the microbes i a

package. The package may be any surtable package. In certain embodiments the package is

opaque and prevents moisture from entering the package, ¢.g., a vacoum-sealed package under

nitrogen. In cerfain embodiments, provided herein is a package comprising a microbial

20 composition, such as a microbial composifion disclosed herein, wherein the package is opague
and prevents moisture from entering, so that over at feast 1, 2, Sdaysor §, 2, §, 10, 20, 30, 40,
30, or 60 weeks the microbial composition retains sufficient viability for its intended purpose. In
certain embodiments, provided herein is a method of producing a package comprising a
microbial composition, such as a microbial composition disclosed herein, wherein the package is

25 prodeced by a process comprising vacoum sealing, ¢.g., vacuum sealing under nitrogen.
{00325]  Additionally or alternatively, provided herein is a method comprising combining a
first population of ricrobes comprising mucrobes of any one of Streptomyces designation 1-45
{deposited as ATCC Nos. PTA-127367-127413, reapectively) as shown in Table 2 or one or
more microbes from one or more of ATCC Nos. 127834-127850, as shown in Table 2A. and a

30 second population of microbes, different from the first. The second population of can conprises
any one of Streptomyees designation 1-45 (deposited as ATCC Nos. PTA-127367-127413,
respectively) as shown in Table 2, or one or more microbes from one or more of ATCC Nos.
127834-127850, as shown in Table 2A, different from the first. The first and sccond populations
can be combined with any suitable mumber of additional microbe populations, such as at least 1,

35 2,3,4,5,6,7.8,9, 10,12, 15, 17,20, 22,25, 27,30, 32, 35, 37 40, 42 and/or not more than 2,
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3,4,5,6,7,8,9, 10, 12, 15, 17, 20,22, 25,27 30,32, 35,37, 40, 42, or 43 additional
populations of microbes comprising any one of any one of Streptomyces designation 1-43
{deposited as ATCC Nos. PTA-127367-127413, respectively) as shown in Table 2, or one or
more microbes from one or more of ATCC Nos. 127834-127850, as shown in Table 2A, wherein
the microbes of each additional population are different from the first and second populations,
and the mucrobes of cach additional population are different from cach other. At least one of the
populations can be a pure population. In certan emwbodiments, all of the populations are pure
populations. In certain emabodiments, the populations of microbes are each in a liquid prior to
combining. The liquids can then be filtered to remove at least a portion of cach liquid and leave a
remainder hquid for each, wherein each remainder liquid comprises the microbes or a portion
thereof. In certain embodiments, at least a portion of the liquids can be combined before filiering.
Additionally or alternatively. the remainder liguids are combined after filtering. Filtering can be
performed using any suitable technique, such as through a filter comprising pores of a size
sufficient to retain af least a portion of the microbes. The filter can comprise a first filter layer
comprising pores of a first size and a second filter layer comprising pores of a second size.
Typically, the pores are of a size of at least 0.2, 2, 20, 490, 60, 80, 100, 120, 140, 160, 180, 200,
220, 240, 260, or 280 and/or not more than 2, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220,
244, 260, 280, or 300 vm, for example, $.2-300 um. The pores of the first filter laver can be at
feast 0.2, 2, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 260, or 280 and/or not more
than 2, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, or 300 um, for example,
(0.2-300 um, preferably 120-240 um, more preferably 160-220 um. The pores of the second filter
laver can be at least 0.2, 2, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 240, 260, or 280
and/or not more than 2, 20, 40, 60, 80, 100, 120, 140, 160, 180, 200, 220, 2490, 260, 280, or 300
um, for example, 6.2-300 am, preferably 20-100 um, more preferably 40-80 wm. In certain
embodiments, the portion of microbes retained comprises at least 40, 30, 60, 70, 80, 90, 95, 96,
97, 98,99, 995, 999, or 100% of the microbes, for example at least 50, preferably at least 70,
more preferably at least 90, even more preferably at least 95, vet more preferably at least 98, suill
more preferably at least 99%. After filtening, the microbes can be removed from the filter and
placed in a collection vessel and/or dried to produce dried microbes. In certain embodiments, the
maicrobes are dred after filtration and combimng. In cortamn embodiments, the microbes are air
dried. In certain embodiments, the microbes are Iyophilized. In certain embodiments, the dned
microbes comprise fessthan 5,2, 1,05, 04,03, 0.2, 0.1, 0.05, 4.01, 0.005, or 6.001% water by
weight, for cxample less than 1, preferably less than 0.5, more preferably less than 0.1, even
more preferably less than 0.01, vet more preferably less than 0.005, still more preferably less

than 0.001%. In certain embodiments, the dried microbes are combined with one or more
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agriculturally acceptable adjuvants. In certain embodiments, the one or more agriculturally
acceptable adjuvants comprse one or more carriers, such as a monosaccharide, a polysacchande,
a lipid, or a combination thereof, In certain erbodiments, the one or more carticrs COMprises a
monosaccharide, sach as glocose. In certain embodiments, the concentration of the
monosaccharide is at least 20, 30, 40, 530, 60, 70, 80, 83, &6, 87, 88, 89, 00, 91, 92, 93, 94, 95, 97,
98, or 99 wi% and/or not more than 30, 40, 30, 60, 70, 80, 85, 86, 87, 88, 89, 90, 91,92, 93, 94,
95,97, 98, 99, 99.5, or 99.9 wi%, for example 20-99 wi%, preferably 70-95 wit%, more
preferably 85-95 wit%. fn certain emboduments, the one or more agriculturally acceptable
adiuvants comprise a polysaccharide, such as a starch, for example yucea starch and/or oat
starch. In certain embodiments, the concentration of the polysacchande is atleast 0.2, 0.4, 0.6,
08,1,12,14,16,18.2,22,24 26 28 3 ordand/ornotmorcthan 04 06,08, 1,12, 14,
16,18.2,22,24,26,28,3,4, or 5 wt%, for example, 0.2-5 wt%, preferably 1-3 wi%, more
preferably 1.4-2.6 wi%, even more preferably 1.8-2.2 wit%. In certain embodiments, the one or
more agriculturally acceptable adjavants comprises ong or more sarfactants, for example a lipid,
such as a lecithin, e.g., sov lecithin. In certain embodiments, the concentration of surfactant s at
feast 02,04, 06,08 1,12, 14,16,18.2,22,24,2.6,28, 3, or 4 and/or not more than 0.4,
06,08 1,12, 14,16,18.2,22,24,26,28,3,4,0or5 wt%, for example, 8.2-5 wi%,
preferably 1-3 wit%, more preferably 1.4-2.6 wi%, cven more preferably 1.8-2.2 wt%. In certain
embodiments, the dried microbes are processed to a powder. The powder can comprise a median
particle size of at least 20, 30, 40, 50, 60, 70, 80, 0, 100, 110, 120, 130, 140, 130, 160, 170, 180,
190, 204, 220, 250, 376, 300, or 400 um and/or no more than 30, 40, 50, 60, 70, 80, 90, 100, 110,
120, 130, 140, 150, 160, 170, 180, 190, 200, 220, 250, 270, 300, 400, or 500 um, for example 20-
500 um, preferably 90-270 um, more preferably 140-220 um, even more preferably 160-200 um,
still more preferably 170-190 am, and/or 2 mean particle size of at least 20, 30, 40, 50, 60, 70,
80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 220, 250, 370, 300, or 400 um
and/or no more than 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
200, 220, 250, 270, 300, 400, or 300 um, for example 20-500 um, preferably 90-270 um, more
preferably 140-220 wm, even more preferably 160-200 um, still more preferably 170-190 um. In
certain embodiments, the microbes comprises a viability of at least 109, 107, 16%, 10°, 16'°, 1011,
16%2, 105, or 10", and/or not more than 107, 106°, 10%, 10%°, 104 10", 105, 103, or 16"° CFU/gm
of composition, preferably 1016 10 more preforably 107 to 10, even more preferably 107 to
10V, vet more preferably 107 to 19}, even yet more preferably 10% to 108 CFU/gm of
composition cfu/g after processing. In certain embodiments, the nucrobes are then placed m a

package.
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Production compositions
[00326]  In certain embodiments, provided herein is a composition comprising an isolated
and/or pure of any one of Streptomyees deposited as ATCC Nos. as shown in Table 2 or 0-46-
-140 or one or more microbes from one or more of ATCC Nos. 127834-127€50, as shown in
Table 2A, and a heterologous growth medim. In cortain embodiments, provided herein is a
composition consisting essentially of an isolated and/or pure of any one of Streptorayees
deposited as ATCC Nos. |

one or more of ATCC Nos

~435 as shown s Table 2 or (0-46-0-140 or one or more nucrobes from
. 127834-127850, as shown in Table 2A. and a heterclogous growth
medim,

[003277  In certain embodiments, the composition comprises Streptomyces designation 1. In
certain embodiments, the composition comprises Streptomyces designation 2. In certain
embodiments, the composition comprises Streptomyces designation 3. In certain embodiments,
the composition comprises Stroptomyces designation 4. In cortain embodunends, the composition
comprises Streptomyces designation 5. In certain embodiments, the composition comprises

Streptomyces designation 6. In certamn embodiments, the composition comprises Streptomyces

In certain embodiments, the composition comprises Streptomyces designation 9. In certain
embodiments, the composition comprises Streptomyces designation 10, In certain embodiments,
the composition comprises Stroptomyces designation 11, fn cerfain embodiments, the
composition comprises Streptomyees designation 12, In certain emnbodiments, the composition
comprises Streptomyees designation 13, In certain embodiments, the composition comprises
Streptomyces designation 14. In certain embodiments, the composition comprises Streptoniyces
destgnation 13, In certain embodiments, the composition comprises Streptomyces designation
16. In certain embodiments, the composition comprises Streptomvees designation 17, In certain
embodiments, the composition comprises Streptomyces designation 18. In certain embodiments,
the composition comprises Streptomyces designation 19, In certain embodumnents, the
composition comprises Streptomyces designation 20. In certain embodiments, the composition
comprises Streptomyces designation 21, In certain embodiments, the composition comprises
Streptomyces designation 22. In certaim embodiments, the composition comprises Streptontyces
designation 23. In certain embodiments, the composition conmprises Streptomyces designation
24, In certamn emwbodiments, the composition comprises Streptomyees designation 25, In certain
embodiments, the composition comprises Streptomyces designation 26. In certain embodiments,
the composition comprises Streptomyces designation 27, In certain embodiments, the
composition comprises Streptomyees designation 28, In certain embodiments, the composition
comprises Streptomyces designation 29, In certain embodiments, the composition comprises
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Streptomyces designation 30, In certain embodiments, the composition comprises Streptomyces
designation 31. In certain embodiments, the composition comprises Streptomyces designation
32, In cortain emabodiments, the composition comprises Streptomycees designation 33, In cortain
embodiments, the composition comprises Streptomyces designation 34. In certain embodiments,
3 the composition comprises Streptomyces designation 35, fn certain embodiments, the
composition comprises Streptomyces designation 36. In certain erabodiments, the composition
comprises Streptomyces designation 37. To certain embodiments, the composition comprises
Streptomyces designation 3%, In certain embodiments, the composition comprises Streptoniyces
designation 39. In certain embodiments, the composition comprises Streptomyces designation
10 40, In certamn embodiments, the composition comprises Streptomvees designation 41, In certain
embodiments, the composition comprises Streptomyces designation 42. In certain embodiments,
the composition comprises Streptomyces designation 43. In cerfain embodiments, the
composition comprises Streptomyces designation 44. In certain embodiments, the composition

comprises Streptomyces designation 45. In certain embodiments, the composition comprises any

[y
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one of Streptomyces designation 46, In certaim embodiments, the composition comprises

Streptomyees designation 0-46. In certain ombodiments, the composition comprises

Streptomyces designation (3-47.
Streptomyces designation 3-48.
Streptomyces designation 0-49.
Streptomyees designation (-30.
Streptomycees designation (-31.
Streptomyces designation (-52.
Streptomyees designation 0-53,
Streptomyces designation 3-54.
Streptomyces designation 3-55.
Streptomyces desigration 0-56.
Streptomyvees designation 3-57.
Streptomyces designation (38,
Streptomyces designation (-39,
Streptomyces designation 0-60.
Streptomyces designation 3-61.
Streptomyces designation 9-62.
Streptomyees designation 0-63.
Streptomyees designation (-64.

Streptomyces designation {63,

In certain embodiments, the composttion comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
1n certain cmbodiments, the composition comprises
In certain ombodiments, the compostiion comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
1o certain crubodiments, the composition comprises
In certain embodiments, the composttion comprises
In cerain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
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Streptomyces designation (3-66.
Streptomyces designation 0-67,
Streptomyces designation O0-68.
Streptomyces designation 3-69.
Streptomyces designation 0-70.
Streptomyces designation 0-71.
Streptomyvees designation (0-72.
Streptomyces designation (-73.
Streptomyces designation (-74.
Streptomyces designation 3-75.
Streptomyces designation 0-76.
Streptomyces designation 9-77.
Streptomyees designation 3-78.
Streptomyces designation (-79.
Streptomyces designation {-80.
Streptomyces designation O-81.
Streptomyces designation (3-82.
Streptomyces designation 3-83.
Streptomyces designation 0-84.
Streptomyees designation (-85,
Streptomycees designation (-86.
Streptomyces designation (-87.
Streptomyces designation O-88.
Streptomyces designation 3-89,
Streptomyces designation 3-60.
Streptomyces designation 0-91.
Streptomyvees designation 3-92.
Streptomyces designation (93,
Streptomyces designation (-94.
Streptomyces designation 0-95.
Streptomyces designation 3-66.
Streptomyces designation 9-97.
Streptomyees designation O0-98.

Streptomyees designation (-99.

PCT/US2024/054441

In certain embodiments, the composition comprises
In certain crubodiments, the composition comprises
in certain ombodiments, the compostiion comprises
In certain embodiments, the composition comprises
iIn certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
1n certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In cerain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain crobodiments, the composition comprises
In certain embodiments, the composttion comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
1n certain cmbodiments, the composition comprises
In certain ombodiments, the compostiion comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
1o certain crubodiments, the composition comprises
In certain embodiments, the composttion comprises
In cerain embodiments, the composition comprises
In certain embodiments, the composition comprises

In certain embodiments, the composition comprises

Streptomyces designation {-100. In certain embodiments, the composition comprises
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Streptomyces designation (-101.
Streptomyees designation 0-102.
Streptomyees designation 0-103.
Streptomyces designation 3-104.
Streptomyces designation 3-105.
Streptomyees designation O-106.
Streptomvees designation (3-107.
Streptomyces designation (-108.
Streptomyces designation 0-109.
Streptomyces designation O-110.
Streptomyces designation O-111
Streptomyces designation O-112.
Streptomyees designation O-113.
Streptomyces designation (-114.
Streptomyces designation {113
Streptomycees designation 0-116.
Streptomyees designation 80-117.
Streptomyces designation 3-118.
Streptomyces designation O-119.
Streptomyees designation (-120.
Streptomycees designation (-121.
Streptomyces designation (-122.
Streptomyces designation O-123.
Streptomyces designation 3-124.
Streptomyces designation -125.
Streptomyees designation 0-126.
Streptomyvees designation (-127.
Streptomyces designation (128,
Streptomyces designation (-129.
Streptomyees designation 0-130.
Streptomyces designation 3-131.
Streptomyces designation 9-132.
Streptomyees designation 0-133.
Streptomvees designation (-134,

Streptomyces designation (133

PCT/US2024/054441

In certain embodiments, the composition comprises
In certain crobodiments, the composition comprises
In certain crobodiments, the composition comprises
In certain embodiments, the composition comprises
In cortain embodiments, the composition comprises
In cortain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain emabodiments, the composition comprises
In certain emnbodiments, the composition comprises
In certain embodiments, the composition comprises
e certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain crobodiments, the composiiion comprises
In certamn ernbodiments, the composition comprises
in certain embodiments, the composition comprises
In cortain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain emmbodiments, the composition comprises
In certamn crobodiments, the compostiion comprises
In certain emnbodiments, the composition comprises
e certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In cortain embodiments, the composition comprises
In certain crobodiments, the composiiion comprises
In certamn emnbodiments, the composition comprises
e certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
In certain embodiments, the composition comprises
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Streptomyces designation (3-136. In certain embodiments, the composition comprises
Streptomycees designation 0-137. In certain crobodiments, the compostiion comprises
Streptomyees designation 0-~138. In certain crobodiments, the compostiion comprises
Streptomyees designation 8-139. In certain embodiments, the composition comprises
Streptomyces designation -140.
{00328]  In certain embodiments, the heterologous medium comprises a solid medium,
[00329]  In certain embodiments, the heterologous medium comprnises a solid medium. In
certain embodiments, the solid medium comprises agar. In certain embodiments, the
concendration ofagarisatleast 03,04, 05, 06,07,08,09, 1, 1.1, 1.2, 1.3, or 1 4 and/orno
more than 04,05,0.6,0.7,08,09,1, 1.1, 1.2, 1.3, 1.4, or 1.3 g/L, for example 6.3-1.53 g/1,
preferably 0.4-1 g/L, more preferably, 0.6-0.8 g/L. In certain embodiments, the heterologous
medivm comprises a liquid medium. In certain embodiments, the heterologous mediam
comprises a polysaccharide, a disaccharide, a monosaccharide, a gum, a natural or syothetic
derivative thereof. In certain embodiments, the heterologous mediom comprises a
polysaccharide. In certain embodiments, 187, The method of claim 186 wherem the
polvsaccharide comprises a starch. In certain embodiments, the starch is an oat starch. In certain
embodiments, the concentration of starch 1s at least 10, 20, 30, 40, 50, 60, 70, 83, or 90 ¢/L.
and/or not more than 20, 30, 40, 58, 60, 70, 80, 90, or 100 g/L, for example 10-100, preferably
20-80, more preforably 30-70. In certain cmbodiments, the heterologous medium further
comprises a vitanin. In certain embodiments, the vitamin comprises Vitamin A, Vitamin C,
Vitamin D, Vitamun B, Vitamin B, Vitanun B2, Niacin, Vitamin B6, Folate, Vitamin Bi2,
Biotin, Pantothenic Acid, Calcium, Iron, lodine, Magnesium, Zinc, Selenium, Copper, or a
combination thercof. fn certain embodiments, the vitanun comprises Vitamin A. In certain
embodiments, the Vitamin A is present at a concentration of at least 100, 200, 300, 400, 500,
600, 700, 8O0, 900, 1000, 1100, 1200, 1300, or 1400 and/or not more than 200, 300, 400, 500,
600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, or 1300 ug/L, for example 100-1500,
preferably 300-1000, more preferably 500-900, even more preferably 600-800. In certain
embodiments, the vitamin comprises Vitamin C. In certain embodiments, the Vitamin C is
present at a concentration of at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, or 140
and/or not more than 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, or 150 mg/L, for
example 10-50, preferably 50-130, more preferably 70-110, even more preferably 80-100. In
certain embodiments, the vitamin comprises Vitamin D. In certain embodimentis, the Vitamin D
is present at at least 3, 10, 15, 20, 25, 30, 33, 40, or 45 and/or not more than 10, 15, 20, 25, 30,
35, 40, 45, or 50 ug/L, for example 5-30, preferably 10-40, more preferably 15-35, even more
preferably 20-30. In certain embodiments, the vitamin comprises Vitamin E. In certan
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embodiments, the Vitamin E is present at a concentration of at east 5, 7,9, 11, 13, 13, 17, 19, 21,
or 23 and/or not more than 7, 9, 1L, 13, 15, 17, 19, 21, 23, or 25 mg/L, for example 5-25,
preferably 9-21, more preferably 11-19, even more preferably 13-17. To certain embodiments, the
vitamin comprises Vitamin B1. In certain embodiments, the Vitamin B is present at a
concentration of atleast 1,12, 14,16, 18,2,22,24,26,28 3,32 34,36, 0r3.8 and/ornot
morethan 1.2, 14, 1.6, 1.8,2,22,24,26,28,3,32,34, 36,38, or4mg/L, for example 1-4
mg/L, preferably [.6-3.2, more preferably 2-2.8, even more preferably 2.2-2.6. In certain
embodiments, the vitamin comprises Vitamin B2, In certain embodiments, the Vitamin B2 is
present at a concentration of atleast 125, 1.35, 145, 1.55, 1.65, 1.75, 185, 1.95,2.05,2.15,
25,235,245, 255,265, 0r2.75 and/or not more than 135, 145, 1.55, 1.65, 1.75, 1.85, 1.95,

2.05,2.15,225,2.35,2.45, 255,265, 275, or 2.85 mg/L, for example 1.25-2 85, preferably

o
!\.)

]

1.55-2.55 more preferably, 1.65-2.45 more preferably 1.85-2.05. In certain embodiments, the
vitarain comprises Niacin. fn certain emboduments, the Niacin ts prosent at a concentration of at
least 10, 12, 14, 16, 18,20, 22, 24, 26, 28, 30, 32, 34, 36, or 38 and/or not more than 12, 14, 16,
18,20, 22, 24, 26, 28, 30, 32, 34, 36, 38, or 40 mg/L., for example 10-40, preferably 14-36, more
preferably 18-32, even more preferably 20-28. In certain embodiments, the vitamin comprises
Vitamin B6S. In certan embodiments, the Vitanmin B6 15 present at a concentration of at least 2,
22,24,26,28,3,32 34,36,38, 4,42, 44 46 ord8 andlornotmorethan22 24 2.6,
28,3,32,34,36,38,4,42, 44 46,44, or3mg/L. for example 2-3, preferably 2 6-4 4, more
preferably 3-4, even more preferably 3-3.8. In certain embodiments, the vitanmin comprises Folie
Acid. In certain embodiments, the Folic Acid s present at a concentration of at least 120, 160,
200, 240, 280, 320, 360, 400, 440, 480, 520, 560, 600, 640, or 680 and/or not more than 160,
200, 240, 280, 320, 360, 400, 440, 480, 520, 360, 600, 640, 680, or 720 ug/L, for example 120~
720, preferably 240-600, more preferably 320-480, even more preferably 360-440. In certain
embodiments, the vitamin comprises Vitamin B12. In certain embodiments, the Vitamin B2 is
present at a concentration of atleast 5.4, 6, 6.6, 7.2, 78,84, 9.0,9.6, 102, 108, 11.4, 12, 126,
132, or 38 and/ornot more than 6, 6.6, 72, 78,84,90,96, 102, 108, 114, 12,126, 13.2,
13.8, or 14.4, for example 5.4-14 4, preferably 7.2-12.6, more preferably 8.4-11 .4, even more
preferably 9-10 2. In certain embodiments, the vitamin comprises Biotin. In certain
embodirents, the Biotin is present at a concentration of at least , 10, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 63,70, 75, or 80 and/or not more than 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, or 85 ug/L, for example 10-85, preferably 20-73, more preferably 30-65, even more
preferably 35-35. In certain embodiments, the vitamin comprises Pantothenic Acid. In certain
embodiments, the Pantothenic Acid is present at a concentration of at least 4, 4.5, 5,55,6,6.3,
7.7.5,8,85,9,95, 10,105, or 11 and/or not more than 4.3, 5, 5.5,6,65,7, 75,8, 85,9, 6.5,
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10, 10.5, 11, or 11.5 mg/L, for example 4-11.5, preferably 5.5-10, more preferably 6.5-9, even
more preferably 7-8. In certain embodiments, the vitaroin comprises Calcium. In certain
embodiments, the Calcium is present at a concentration of at least 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, or 200 and/or not more than 70, 80, 90, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, 200, or 210 me/l, for example 60-210, preforably 80-190, more
preferably 100-170, even more preferably 120-140. In certain embodiments, the vitamin
comprises [ron. In certan embodiments, the Tron is present at a concentration of at least 4, 6, §,
10, 12, 14, 16, 18,20, 22, 24, 26, 28, 30, or 32 and/or not more than 6, 8, 10, 12, 14, 16, 14, 20,
22,24, 26,28, 30, 32, or 34 mg/L, for cxample 6-34, preferably 12-26, more preferably 14-22,
even more preferably 16-20. In certain embodiments, the vitamin compnses Iodine. In certain
embodiments, the lodine is present at a concentration of at feast 80, 80, 100, 110, 120, 130, 140,
150, 160,170, 180, 190, 200, 210, or 220 and/or not more than 90, 100, 110, 120, 130, 140, 150
160,170, 180, 190, 200, 210, 220, or 230 mg/L, for example 86-230, preferably 100-200, more

preferably 120-180, even more preferably 140-160. In certain embodiments, the vitamin

>

comprises Magnesium. In certain embodiments, the Magnesium is present at a concentration of
at least 14, 18, 22, 26, 30, 34, 38, 42, 46, 30, 54, 38, 62, 66, or 70 and/or not more than 18, 22,
26,30, 34, 38, 42, 46, 50, 54, 58, 62, 66, 70, or 74 mg/L, for example 18-74, preferably 22-62,
more preferably 30-54, even more preferably 38-46. In cortain embodiments, the vitamin
comprises Zinc. In certain embodiments, the Zinc is present at a concentration of at least 2, 3, 4,
5,6,7,8,0, 10, 11,12, 13, or 14 and/or not more than 3, 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, or {3
mg/L, for example 2-15, preferably 3-13, more preferably 3-11, even more preferably 7-9. In
certain embodiments, the vitamin comprises Selenium. In certain embodiments, the Selenium is
present at a concentration of at least 13, 17, 21, 25, 29, 33, 37, 41, 45, 49, 53, 57, 61, 65, or 69
and/or not more than 17, 21, 25, 29, 33, 37, 41, 45, 49, 53, 37, 61, 653, 69, or 73 ug/L, for
example 13-73, preferably 25-57 more preferably 29-33, even more preferably 37-45. In cortamn
embodiments, the vitamin comprises Copper. In certain embodiments, the Copper is present ata
concentration of at least 8.65, 0.75, 0.83, 0.95, 1.05, 118, 1.25, 135, 1.45, 1.55, 1.65, 1.75, 1 85,
1.95, or 2.05 and/or not more than 0.75, 0.85, 0,95, 1.05, 1.15, 1.25, 1.35, 145, 1.55, 1.65, 1.73,
1.85,1.95, 2.05, or 2.15 mg/L. for example 0.65-2.15, preferably 0.85-1 85, more preferably
1.05-1.65, even more preferably 1.25-1.45.
[00330]  In certain embodiments, the heterologous medium comprises a cryoprotectant. In
certain embodiments, the cryoprotectant comprises glycerol, ethylene glveol, propylene glycol,
urca, calcium chlonde, sodium nitrate, magoesium chioride, anumonium sulfate, or a combination
thereof. In certain embodiments, the cryoprotectant comprises glycerol. In certain embodiments,
he glyveerol is present at a concentration of at least 1,2, 3,4, 5,6, 7,8, 9, 10, 12, 14, 16, 1§, 20,
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22,2426, 28, 30,35, 40 or45% and/ornomore than 2, 3.4, 5.6, 7,8, 9, 10, 12, 14, 15, 18, 20,
22,24, 26, 28, 30, 35, 40, 45, or 50% v/v, for example 1-50%, preferably 10-30%., more
preferably 15-25%, cven more proferably 18-22%.
[00331]  In certain embodiments, provided herein is a composition comprising one or more of
5 Streptomyecs depostted as ATCC Nos. as shown in Table 2 or one or more microbes from one
or more of ATCC Nos. 127834-127850, as shown in Table 2A, or 0-46-03-140. In certan
embodiments, the composition comprises Streptomvees designation 1. In cortamn embodiments,
the composition comprises Streptomyces designation 2. In certain embodiments, the composition
comprises Streptomycees designation 3. In certain embodiments, the composition comprises
10 Streptomyces designation 4. In certain embodiments, the composition comprises Streptomyces
designation 5. In certain embodiments, the composition comprises Streptomyees designation 6.
In certain embodiments, the composition comprises Streptomyces designation 7. In certain
embodiments, the composition comprises Streptorayvees designation 8. In cortain ernbodiments,

the composition comprises Streptomyces designation 9. In certain embodiments, the composition

[y
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comprises Streptomyces designation 10, In certain embodiments, the composition comprises
Streptomyces designation 11, ¥o certaim embodiments, the composition comprises Streptonyces
designation 12. In certain embodiments, the composition comprises Streptomyces designation
13, In certain embodiments, the composition comprises Streptomyees designation 14, In certain
embodiments, the composition comprises Streptomyces designation 13, In certain embodiments,
20 the composition comprises Streptomyces designation 16, In certain embodiments, the
composition comprises Streptomyees designation 7. In certain embodiments, the composition
comprises Streptomyces designation 18, In certain embodiments, the composition comprises
Streptomyees designation 19, Tn certain embodiments, the comaposition comprises Streptomyces
designation 20. In certain embodiments, the composition comprises Streptomyces designation
25 21 In certain embodiments, the composition comprises Streptomyees designation 22 In certain
embodiments, the composition conprises Streptomyces designation 23, In certain embodiments,
the composition comprises Streptomyces designation 24. In certain embodiments, the
composition comprises Streptomyees designation 25, In certain emnbodiments, the composition
comprises Streptomyees designation 26. In certain embodiments, the composition comprises
30 Streptomyces designation 27, To certain embodiments, the composition comprises Streptomyces
designation 28. In certain embodiments, the composition comprises Streptomyvees designation
29. In certain embodiments, the composition comprises Streptomyees designation 30. Inn certain
embodiments, the composition comprises Streptormvees designation 31, In certain embodiments,
the composition comprises Streptomyces designation 32, In certain embodiments, the
35 composition comprises Streptomyees designation 33, In cortain embodiments, the composition
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comprises Streptomyces designation 34. In certain embodiments, the composition comprises

Streptomyees designation 35. In certain embodiments, the composition comprises Streptomyces

designation 36. In certain embodiments, the composition comprises Streptomyces designation

37. In certain embodiments, the composition comprises Streptomyees designation 38, In certain

embadiments, the composition comprises Streptomyces designation 39. In certain embodiments,

the composition comprises Stroptomyces designation 40. In certain embodumnents, the

composition comprises Streptomyees designation 41, In cortain embodiments, the composition

comprises Streptomyces designation 42. In certain embodiments, the composition comprises

Streptomyces designation 43. In certain embodiments, the composition comprises Streptomyces

designation 44. In certain embodiments, the composition comprises Streptomyces designation

45, In certain embodiments, the composition comprises any one of Streptomyces designation 46.

In certain embodiments, the composition comprises Streptomyces designation 0-46. In certain

embodiments, the composition comprises Streptomyees designation 0-47,
embodiments, the composition comprises Streptomyees designation (-48,
embodiments, the composition comprises Streptomyees designation (-49,
embodiments, the composition comprises Streptomyces designation (-30,
embodiments, the composttion comprises Streptomyces designation (3-31.
embodiments, the composition comprises Streptomyces designation 3-32.
embodiments, the composition comprises Steeptomyces designation 0-33.
embodiments, the composition comprises Streptomyees designation O-54,
embodiments, the composition comprises Streptomyees designation (3-35.
embodiments, the composition comprises Streptomyvees designation O-56.
embodiments, the composition comprises Streptomyees designation O-37,
embodiments, the composition comprises Streptomyces designation (3-38,
embodiments, the composition comprises Streptomyces designation 3-39,
embodiments, the compaosition conprises Streptomyces designation O-60,
embodiments, the composition comprises Streptomyees designation G-61.
embodiments, the composition comprises Streptomyees designation (-62.
embodiments, the composition comprises Streptomyees designation G-63.
embodirents, the composition comprises Streptomyces designation (-64.
embodiments, the compostiion comprises Streptomyces designation 3-65,
embodiments, the composition comprises Streptomyces designation 3-66,
embodiments, the composition comprises Streptomyees designation 0-67,
embodiments, the composition comprises Streptomvees designation 0-68.
embodiments, the composition comprises Streptomyees designation (-69.
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embodiments, the composition comprises Streptomyees destgnation G-70. In certain
emboduments, the composition comprises Streptomyvees designation O-71. In certain
embodiments, the composition comprises Streptomyvees designation G-72. fn certain
embodiments, the composition comprises Streptomyces designation 8-73. In certain

3 cmbodiments, the composition comprises Streptomyces designation 8-74. In certain
embodiments, the composition conprises Streptomyces designation 0-75, In certain
embodiments, the composition comprises Streptornvees designation G-76. In certain
embodiments, the composition comprises Streptomyvees designation O-77. In certain
embodiments, the composition comprises Streptomyvees designation O-78. In cortain

10 embodiments, the composition comprises Streptomyces designation 8-78. In certain
embodiments, the composition comprises Streptomyces designation 8-80. In certain
embodiments, the composition comprises Streptomyces designation 8-81. In certain
embodiments, the composition comprises Streptomnyees designation O-82. In certain

embodiments, the composition comprises Streptomyees designation (-83. In certain

[y
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embodiments, the composition comprises Streptomyees designation (-84, In certain
embodiments, the composition comprises Streptomyces designation 0-85. Tn certain

embodiments, the compostiion comprise

w

Streptomyvees designation 3-86. In certain
embodiments, the composition comprises Streptomyces designation 0-87. In certain
embodiments, the composition comprises Streptomyces designation 0-88. In certain

20 embodiments, the composition comprises Streptomyvees designation (-89, In certain

embodiments, the composition comprises Streptormyees designation (3-90. In certam

]

embodiments, the composition comprises Streptomyvees designation O-91. In certain
embodiments, the composition comprises Streptomyvees designation G-92. fn certain
embodiments, the composition comprises Streptomyces designation 0-93, In certain
25 embodiments, the composition comprises Streptomyces designation 83-94. In certain
embodiments, the composition conprises Streptomyces designation 0-95, In certain
embodiments, the composition comprises Streptomyees designation G-96. In certan
embodiments, the composition comprises Streptomyees designation (3-97. In certain
embodiments, the composition comprises Streptomyees designation (-98. In certain
30 emboduments, the composition comprises Streptomyces designation (-99. In certain

embodiments, the composttion comprises Streptomyces designation 0-100. In certain

b7

embodiments, the composition comprises Streptomyces designation 8-101. In certain

embodiments, the composition comprises Streptomyees designation O-102. In certain

embodiments, the composition comprises Streptomvees designation G-103 . In centain

35 embodiments, the composition comprises Streptomyees designation G-104. In certain
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embodiments, the composition comprises Streptomyees designation O-103.

emboduments, the composition comprises Streptomyees designation G-106

embodiments, the composition comprises Streptomyces designation 0-107.
embodiments, the composition comprises Streptomyces designation 3-108.
embadiments, the composition comprises Streptomyces designation 0-109.
embodiments, the composition comprises Streptomyces designation O-110.
embodiments, the composition comprises Streptomyees designation G-111.
embodiments, the composition comprises Streptomyvees designation O-112.

embodiments, the composition comprises Streptomyees designation O-113.

embodiments, the composition comprises Streptomyces designation 0-114

embodiments, the composition comprises Streptomyces designation O-115.
embodiments, the composition comprises Streptomyces designation O-116.
embodiments, the composition comprises Streptorayees designation O-117,
embodiments, the composition comprises Streptomyees designation G-118.
embodiments, the composition comprises Streptomyees designation G-119.
embodiments, the composition comprises Streptomyces designation O-120.

embodiments, the composttion comprises Streptomyees designation O-121.

embodiments, the composition comprises Streptomyces designation $3-122

embodiments, the composition comprises Streptomyces designation 8-123.

embodiments, the composition comprises Streptomvees designation O-124

embodiments, the composition comprises Streptomyees designation G-125.
embodiments, the composition comprises Streptomyvees designation O-126.
embodiments, the composition comprises Streptomyces designation 0-127.
embodiments, the composition comprises Streptomyces designation 0-128.
embodiments, the composition comprises Streptomyces designation 3-129.
embodiments, the composition conprises Streptomyces designation O-130,
embodiments, the composition comprises Streptomyees designation O-131.
embodiments, the composition comprises Streptomyvees designation (-132.
embodiments, the composition comprises Streptomyees designation G-133.
embodiments, the composition comprises Streptomyees designation O-134.
embodiments, the compostiion comprises Streptomyees designation 3-135.

embodiments, the composition comprises Streptomyces designation 0-136.

-
i
H

embodiments, the composition comprises Streptomyees designation O-13

embodiments, the composition comprises Streptomvees designation O-138.

embodiments, the composition comprises Streptomyees designation G-139.
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embodiments, the composition comprises Streptomyvees designation O-140. In certain
embodiments, the composition comprises at teast 5, 10, 15, 20, 25, 30, 35, or 40 of Streptomyces
ATCC Deposit Numbers 1-45 and/or 0-46 to O-140 and/or not more than 5, 10, 15, 20, 23, 30,
35, or 40 of Streptomyces ATCC Deposit Numbers 1-45 and/or (0-46 to 0-140, preferably 5-43,
more preferably 10-45, even more preferably 20-45, vet more preferably 35-43. In certam
embodiments, the composition comprises at feast 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 100, 108, 110, 115, 120, 125, 130, or 135 different microbes and/or not
more than 10, 15, 20, 23, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 60, 95, 100, 105, 110, 115,
120, 125, 1390, 135 or 140 of Streptomyecs ATCC Deposit Numbers 1-45 and/or Streptomyces
Designation 0-46-03-140, for example at least 20, in certamm cases at least 50, in yet other cases at
least 70, or preferably 10-140, more preferably 20-120, even more preferably 40-100, yet more
preferably 50-100. In certain embodiments, the composttion comprises at feast 5, 10, 15, 20, 25,
30, 38, 40, 45, 30, 35, 60, 63, 70, 75, 80, 83, 90, 95, 100, 105, 1106, 115, 120, 128, 130, or 135 of
the different microbes and/or not more than 10, 15, 20, 25, 30, 35, 40, 48, 50, 55, 60, 65, 70, 75,
#0, 85, 90, 95, 100, 105, 110, 115, 120, 1253, 130, 135 or 140 of the of Streptomyces designation
1-45 {deposited as ATCC Nos. PTA-127367-127413, respectively) and/or Streptomyees
Designation 0-46 through 0~1490, for example at least 20, in cortain cases at least 50, in vet other
cases at least 70, or preferably 10-140, more preferably 20-120, even more preferably 40-100, vet
more preferably 50-100 of Streptomyees designation 1-45 (deposited as ATCC Nos. PTA-
127367-1274 13, respectively) or Streptomyces Designation O-46 through 0-140, even vet more
preferably all of the of Streptomyces designation 1-45 {deposited as ATCC Nos. PTA-127367-
127413, respectively} or Streptomyces Designation 0-46 through $-140, are isolated and/or
pure.

[00332]  In certain embodiments, the composition further comprises a liguid medium in which
the one or more nucrobes are distributed. In certain embodiments, the liquid medium is
heterologous to the Streptoravees ATCC deposits designated 1-43, deposited as ATCC Nos.,
PTA-127367-127413 or one or more microbes from one or more of ATCC Nos. 127834-127850,
as shown in Table 24, or Streptomyces Designation (3-46-0-140. In certain embodiments, the
liguid medium comprises an aqueous medivm. fo certain embodiments, the agueous medium
comprises a combination of mediums in which each of the Streptomyees ATCC deposits
designated 1-43, deposited as ATCC Nos. PTA-127367-127413 or one or more microbes from
one or more of ATCC Nos. 127834-127850, as shown in Table ZA, or Streptomyees Designation
(-46~ O-140 has been growing.

[80333]  In certain embodiments, at least 2, 3,4, 3,6, 7,8, 9, 10, 12, 15, 20, 25, 30, 35, 48, 45,

or 50 of the different microbes are heterologous to each other, for example at least 2, preferably
~199-
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at least 3, more preferably at least 4, even more preferably at least 3, yet more preferably at least
7, still more preferably at least 10

[00334]  In cortain embodiments, total colony formung units {CFUs) per gram of the
composition is at least 10”,10%° 10M, 10%2, 10%°, or 10™ and/or not more than 10° 10 101 1042,
FOV, 101105, or 10, preferably 107 10 10!, more preferably 107 to 10, even more preferably
10 to 107, yet more preferably 10° to 102 In certain erobodiments, each of the different
microbes is present at at least 10°, 107, 108, 107 1010 101, 10%2) 109, or 10, and/or not more
than 107, 105, 10°.10°° 1077, 102, 101, 10* or 10" CFU/gm of compeosition, preferably 10° to
10°, more preferably 107 to 10, even more preferably 107 to 107, vet more preferably 107 to
16! even vet more preferably 10% to 10" CFU/gm of composition. Tn certain embodiments, the
different microbes are present in a ratio to cach other {CFU to CFUY of 20:1 to 1:20, prefesably
10:1 to 1:10, more preferably 5:1 to 1.5, even more preferably 2:1 to 1:2, yet more preferably
5110 115, even more preforably 1.25:1 to 1:1.25.

{00335]  In certain embodiments, less than 0.1%, or less than 0.01%, or less than 6.001% w/iw
water. In certain embodiments, atleast 2, 3,4, 5.6, 7, 8,9, 10, 12, 15, 20, 25, 30, 35, 40, 45, or
56 of the nicrobes are heterologous to cach other. In certain embodiments, total colony forming
wnits (CFUs) per gram of the composition is at least 10510710 10" 162, 107, or 10" and/or
not more than 16710101 107, 106%, 10, 10", or 10", preferably 107 to 10, more preferably
107 t0 10", even more preferably 10% 1o 107, yet more preferably 10% to 10™. in certain
embodiments, each of the microbes is present at at least 108, 107, 108 10%, 101° 10Y, 10%2 108 or
10, and/or not more than 107, 10%, 10°,10'9 101 1012, 10, 10" or 10V CFU/am of
composition, preferably 16° to 10Y°, more preferably 107 to 10, even more preferably 107 to
167, vet more preforably 107 to 101, even yet more preferably 10% to 10" CFU/gm of
composttion. In certain embodiments, the microbes are present n a ratio o each other {CFU to
CFU} of 20:1 1o 1:20, preferably 10:1 to 1:10, more preferably 5:1 to 1.5, even more preferably
2:1to 112, yet more preferably 1.5:1 0 1:1.5. In certain embodiments, the composition consists
essentially of, e.g., comprises no adjuvant, the one or more microbes.

{08336] In certain embodiments, the composition comprises a phurality of particles, wherein
each particle comprises a composition as disclosed herein. In certain embodiments, the particles
have a median particle size of at least 20, 30, 40, 30, 60, 70, 80, 90, 100, 110, 120, 130, 149, 150,
160, 170, 180, 190, 200, 220, 250, 370, 300, or 400 um and/or no more than 30, 40, 50, 60, 70,
84, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 220, 250, 270, 300, 400, or 500
um, for example 20-500 um, preferably 90-270 um, more preferably 140-220 um, even more
preferably 160-200 um, still more preferably 170-190 um. In certain embodiments, at least 19,

20, 30, 40, 50, 60, 70, 80, 90, 95, 97, 98, or 99% and/or not more than 20, 30, 40, 50, 60, 70, 80,
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90, 95, 97, 98, 99, 99 5, or 100%, or 100%, for example 10-100%, preferably 20-100%, more
preferably 30-100%, even more preferably 80-100%, stil more preferably 90-100% of the
particles have a mean particle size of at least 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130,
140, 150, 160, 170, 180, 150, 200, 220, 250, 370, 300, or 400 um and/or no more than 30, 40, 50,
560,70, 80,90, 100, 110, 120, 130, 140, 130, 150, 170, 180, 190, 200, 220, 250, 270, 300, 400, or
500 um, for example 20-500 um, preferably 90-270 um, more preferably 140-220 um, even more
preferably 160-200 wm, still more preferably 170-190 um.
{003377  In certain embodiments, the composition comprises a delayed release composition
comprising a plurality of particles, cach of which comprises a composition as disclosed hercin,
10 wherein the composition comprises one or more microbes, and wherein the plurality of particles
comprises a first population of particles wherein each particle of the first population comprises
one or more first components configured to confine at least a portion of the microbes to the
pasticles, and wherein the one or more first compounents are such that the one or more first

components losc sufficient infegrity upon exposure to one or more environmental triggers that at

[y
0

least a portion of the confined microbes are released from the particles. In certain embodiments,
the first components are configured to confine at least 30, 50, 70, 80, 90, 95, 96, 97, 98, or 99%
of the microbes, for example at least 60%, preferably at least 80%, more preferably at least 90%,
even more preferably at least 95%. In certain embodiments, the one or more first components
form a shell wherein the microbes are confined within, and/or embedded in, and/or associated
20 with a surface of, the shell. In certain embodiments, the one or more first components form a
matrix i which the microbes are embedded or otherwise associated. In certain embodiments, the
onte or more first components form a plurality of lamellac, wherein the particles are confined
between, and/or embedded in, and/or associate with a surface of, the lamellac. In certam
embodiments, the environmental trigger comprises water, temperature, clectromagnetic radiation,
25 oracombination thereof In certain embodiments, the environmental trigger is water. In certain
embodiments, one or more first components and/or structure of the particles are such that
exposure to the trigger causes sufficient loss of integrity that at least 5, 10, 15, 20, 25, 30, 35, 40,
43, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 97, 98, or 99% and/or not more than 18, 15, 20, 25, 30,

35, 40, 45, 50, 35, 60, 65,70, 75, %0, 85, 90, 95, 97, 98, 99, or 100% of the microbes are

L

30 released. In certam crabodiments, 30-1009% of the microbes are released. In certam embodiments,
50-100% of the microbes are released. In certain embodiments, 80-100% of the microbes are
released. In certain embodiments, 90-100% of the microbes are released. In certain embodiments,
5-80% of the vucrobes are released. o certain embodunents, 5-60% of the microbes are released.
In certam embodiments, 5-40% of the mucrobes are released. In certain embodiments, 10-40% of

35 the microbes are released. In certain embodiments, 5-30% of the microbes are released. In certain
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embodiments, 10-30% of the microbes are released. In certain embodiments, 5-25% of the
microbes are released. In certaimn embodiments, 10-25% of the microbes are released. In certain
embodiments, the composition further comprises a second population of particles wherein cach
particle of the second population comprises one or more second components configured to
5 confine at least a portion of the microbes to the particles, and whercin the one or more second
components are such that the one or more second components withstand exposure to the one or
more envirommental triggers that cause the first components of the first population to lose
integrity, but that lose sufficient integrity upon further exposure to the one or morg
environmental triggers that at least a portion of the confined microbes are released from the
10 particles of the second population. In certain embodiments, the composition further comprises a
third population of particles wherein each particle of the third population comprises one or more
third components configured to confine at least a portion of the microbes to the particles, and
wherein the one or more third coraponents are such that the one or more third corponents

withstand exposure to the one or more environmental triggers that cause the first and second
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components of the first population and second populations to lose integrity, but that lose

sufficient integrity upon further exposure to the one or more environmental triggers that at least a

portion of the confined microbes are released from the particles of the third population. In certan

embodiments, the composition further comprises a fourth population of particles wherein each

particle of the fourth population comprises one or more fourth components configured to confine

20 at least a portion of the microbes to the particles, and wheremn the one or more fourth components
are such that the one or more fourth components withstand exposure to the one or more
environmental triggers that cause the first, second and third components of the first population,
second and third populations to lose integrity, but that lose sufficient jntegrity upon further
exposure o the one or more environmental triggers that at least a portion of the confined

25 microbes are released from the particies of the fourth population. In certain embodiments, the
composition further comprises a fifth population of particles wherein cach particle of the fourth
population comprises one or more fifth components configured to confine at least a portion of the
mierobes to the particles, and wherein the one or more fifth components are such that the one or
more fifth components withstand exposure fo the one or more environmental triggers that cause

30 the first, second, third, and fourth components of the first population, second third, and fourth
populations to lose integrity, but that lose sufficient integrity upon further exposure to the one or
more environmental triggers that at least a portion of the confined microbes are released from the
pasticles of the fifth population.
{00338]  In certain embodiments, the composition comprises one or more agriculturally

35 acceptable adjuvants. In certain embodiments, at least one of the agriculturally acceptable
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adjuvants 1s heterologous to the one or more microbes of the composition. In certain
embodiments, the one or more agrculturally acceptable adjuvants comprise one or more hguid
carners, solid carriers, surfactants, viscosity modifiers, thickeners, theology additives, structuning
agents, preservatives, biscides or biostatic agents, antifreczes, crystallization inhibitors,

5 suspending agents, dycs, anti-oxidants, foaming agents, light absorbers, light blockers, mixing
auxthiaries, antifoams, complexing agents, neutralizing or pH-modifving substances and buffers,
corrosion inhibitors, fragrances, wetting agents, take-up cuhancers, micronuirients, plasticizers,
elidants, lubricants, and dispersants, an emulsifier, a carrier, a stabilizer, or a combination
thercof. In cortain embodiments, the composition comprises one or more surfactants. fn certain

10 embodiments, the one or more surfactants comprise a non-ionie, cationic, or antonic surfactant,

or a combination thereof. In certain embodiments, the surfactant comprises Tween 20 or Tween

80, In certain embodiments, the composition comprises soy lecithin or yueca powderora

dervative thercof, or a combination thereof. In certain embodiments, the surfactant is organic. In

certain embodiments, the surfactant or surfactanis are at a total concentration of at least 0.3, 0.6,

07,0809, 1,11,12, 131415 16 17 18 19,2 21,22, 23,2425, 3,435,678 or

Swi%eand/ornomore than 06,07, 08,09, 1, 1.1, 12, 13, 1.4, 15,16, 1.7, 1.8,19,2, 2.1,

[y
0

22,23,24,25 3,4,5,6,7, 8,9 or 10 wit%, for example 0.5-10 wit%, preferably 1-3 wt%,
more preferably 1.8-2.2 wit%.
[00339]  In cortain embodiments, the composition is a solid composition.

20 [08348]  In certain embodiments, the composition is a hquid composition.
[003417  In certain embodiments, the composition comprises a carrier. In certain embodiments,
the carrier comprises a saccharide, e.g., a monosaccharide, disaccharide, trisaccharide, or
polysaccharide. In cortain emboduuents, the carrier comprises glucose, lactose, maltose, and/or
galactose. In certain embodiments, the carrier comprises glucose, In certain embodiments, the

25 carner is at a concentration in the composition of at least 50, 33, 60, 63, 70, 75, 80, 85, 90, 91,
92,93, 94, 95, 96, 97, 98, or 99 wt% and/or no more than 53, 60, 65, 70, 75, 80, 85, 90, 91, 92,
93,94, 95, 95,97, 98, 99 or 160 wt%, for example 50-100 wit%, preferably 70-100 wi%%, more
preferably 80-100 wi%, cven more preferably 90-100 wi%, still more preferably 95-100 wt%.
{00342]  In certain embodiments, the composition comprises one or more materials that protect

30 the nucrobes from one or more aspects of an covironment in which the microbes will be stored
and/or used. In certain embodiments, the one or more materials comprises a hight absorber or
light blocker, or a combination thereof. In certain emabodiments, the light absorber or light
blocker protects the microbes of the composition from ultraviolet (UV) hight. In certan
embodiments, the microbes are enclosed in the matental. In certain embodiments, the matenal is

35 such that it releases some or all of the microbes upon exposure to one or more environmental
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triggers. In certain embodiments, the one or more environmental triggers comprises water. In
certain embodiments, the composition is stable at tomperatures between 4 °C. and 37 °C forat
feast 1,2,.3,4,5, or6days, or 1,2, 3ordweeks,or 1,2,3,4,5,6,7,8,9, 10, 11 or 12 months,
orl, 2,3, 4, or 5 years, for example, stable at between 4 °C. and 37 °C for at least one week,
preferably at least one month, more preferably at least 6 months, even more preforably at least 12
months, vet more preferably at least 2 vears.

{00343  In certain embodiments, the composition comprises an antifrecze agent, e.g., a
cryoprotectant. fn certain embodiments, the composition comprises an antifrecze agent for cold
storage at temperature less than -5, -10, -15, -20, -25, -30, -40, -50, -60, -70. -80 °C, for example
less than -5, preferably less than -10, move preferably less than -15, even more preferably less
than -20 °C. In certain embodiments, the antifreeze agent comprises glycerol, ethvlene glyeol,
propylene glveol, urea, caleium chloride, sodium nitrate, magnesium chloride and ammonium
sulfate. In certain embodiments, the antifreeze agent comprises glveern). In certam embodiments,
the glycerol is present at a concentration of at least 1, 2, 3,4, 5,6, 7, 8,9, 10, 12, 14, 16, 18, 20,
22,24, 26,28, 30,35, 40, or 45% and/orno more than 2, 3, 4, 5.6, 7, 8. 9, 10, 12, 14, 16, 18, 20,
22,24, 26, 28,30, 35, 40, 45, or 50%, for example 1-50%, preferably 10-30%, more preferably
15-25%, even more preferably 18-22% wit%.

[00344]  In certain embodiments, the composition comprises microbes of iny one strain.
Additionally or alternatively, the composition comprises at least 2, 3,4, 5, 6,7, 8. 9, 10 or more
pucrobial strans.

f00345]  In certain embodiments, total colony forming units (CFUs) per gram of the
composition is at least 10% 10° 101 10%, 10", 10™, or 10" and/or not more than 107,101 161,
1672, 10, 101 105 or 10", preferably 107 to 10°%, more preferably 10° to 10°*, even more
preferably 107 to 10", vet more preferably 107 to 10, In certain embodiments, total CFUs per
gram of the composition is 10 to 10" per gram. In certain embodiments, total CFUs per gram
of the composition is 10" to 10" per gram. In certain embodiments, cach of the microbes is
present at at least 10°, 107, 105, 10°.10°%.10%, 1022, 10%, or 10", and/or not more than 107, 103,
10°,10%°,101 1012 108, 10M, or 10%° CFU/gm of composition, preferably 10° to 101, more
preferably 107 to 10', even more preferably 107 to 10, vet more preferably 107 to 10", even vet
more preferably 10% 10 10" CFU/gm of composition.

[00346]  In certamm embodiments, the composition comprises a plurality of particles, wherein
each particle comprises a composition as disclosed herein. I certain embodiments, the particles
have a median particle size of at least 20, 30, 40, 50, 60, 70, 80, 90, 1090, 110, 120, 130, 140, 139,
160, 170, 180, 190, 200, 220, 250, 370, 300, or 400 umn and/or no more than 30, 40, 50, 60, 70,

80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 220, 250, 270, 300, 400, or 500
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um, for example 20-500 um, preferably 90-270 um, more preferably 140-220 um, even more
preferably 160-200 um, still more preferably 170-190 um. In cortain embodunents, at least 10,
20,30, 40, 50, 60, 70, 80, 90, 93, 97, 98, or 99% and/or not more than 20, 30, 46, 50, 60, 70, 80,
90, 95, 97, 98, 99, §9.5, or 100%, or 100%, for example 10-100%, preferably 20-100%, more
preferably 50-100%, even more preferably 80-100%, still more preferably 90-100% of the
particles have a mean particle size of at least 20, 30, 40, 30, 60, 70, 80, 90, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, 200, 220, 250, 370, 300, or 400 um and/or no more than 30, 40, 50,
60, 70, 80, 90, 100, 116, 120, 130, 140, 1530, 160, 170, 180, 190, 200, 220, 230, 270, 300, 400, or
300 um, for example 20-300 um, preferably 90-270 um, more preferably 140-220 um, even more
preferably 160-200 um, still more preferably 170-190 um.
{00347  In certain embodiments, the composition comprises 10-20 of Streptomyces
designation 1-45 {deposited as ATCC Nos. PTA-127367-127413, respectively) or one or more
nucrobes from one or more of ATCC Nos. 127834-127850, as shown in Table 24, or
Streptomyces Designation 0-46 through 3-140 and each is present as 5-25% of total CFUs. In
certain embodiments, the composition comprises 21-30 of Streptomyces designation 1-453
(deposited as ATCC Nos. PTA-127367-127413, respectively) or Streptomyces Designation 0-46
through (0-140 and each 1s present as 3-10% of total CFUs. In certain eynbodiments, the
composition comprises 31-40 of Streptomyces designation 1-45 {deposited as ATCC Nos. PTA-
127367-127413, respectively) or Streptomyces Designation O-46 through (-140 and cach is
present as 2-8% of total CFUs. In certain embodiments, the composition comprises 41-30 of
Streptomyees designation 1-45 (depostted as ATCC Nos. PTA-127367-127413, respectively) or
Streptomyces Designation O-46 through $-140 and cach is present as 1-5% of total CFUs. In
certain embodiments, the composition comprises 51-60 of Streptomyces designation 1-45
(deposited as ATCC Nos. PTA-127367-127413, respectively) or Streptomyees Designation 0-46
through 0-140 and each 1s present as 0.8-4% of total CFUs. In certain embodiments, the
composition comprises 61-70 of Streptomyces designation 1-45 (deposited as ATCC Nos. PTA-~
127367-127413, respectively) or Streptomyces Designation O-46 through 0-140 and cach is
present as 0.6-3.5% of total CFUs. In certain embodiments, the composition comprises 71-80 of
Streptomyces designation 1-43 (deposited as ATCC Nos. PTA-127367-127413, respectively) or
Streptomyces Desigonation (-46 through O-140 and cach is present as 0.5-3 2% of total CFUs. In
certain embodiments, the composition comprises 81-90 of Streptomyces designation 1-45
{(deposited as ATCC Nos. PTA-127367-127413, respectively} or Streptomyees Designation 0-46
through 0-140 and cach is present as 0.4-3 0% of total CFUs. To certain embodiments, the
composition comprises 91-100 of Streptomycees designation 1-45 (deposited as ATCC Nos.
PTA-127367-127413, respectively) or Streptomyces Designation (-46 through O-140 and each
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is present as 0.4-2.8% of total CFUs. In certain embodiments, the composition comprises 101-
110 of Streptonyyces designation 1-43 {deposited as ATCC Nos. PTA-127367-127413,
respectively) or Streptomyees Designation (0-46 through O-140 and cach is present as $.3-2.4%
of total CFUs. In certain embodiments, the composttion comprises 111-120 of Streptomyees
designation 1-45 (deposited as ATCC Nos. PTA-127367-127413, respectively) or Streptomyces
Designation O-46 through O-140 and cach 1s present as 0.2-2% of total CFUs. In cortam
embodiments, the composition comprises 121-130 of Streptomyces designation [-45 {deposited
as ATCC Nos. PTA-127367-127413, respectively) or Streptomyces Designation O-46 through
(0-140 and cach is present as 0.2-1.5% of total CFUs. In cortain embodiments, the composition
comprises [31-140 of Streptomyces designation 1-45 {deposited as ATCC Nos. PTA-127367-
127413, respectively) or Streptomyces Designation 0-46 through (3-140 and each is present as
0.1-1.2% of total CFUs.

{00348]  In cortain embodiments, the composition further conmprises cells of one or more
additional microbial species or strains different from those of Streptomyees designation 1-45
{deposited as ATCC Nos. PTA-127367-127413, respectively) or one or more nucrobes from one
orraore of ATCC Nos. 127834-127850, as shown in Table 2A, or Streptomyces Designation O~
46 through 8~140. Tn certain embodiments, the additional microbial species comprise fungi,
bactena, or a combination thereof. In certaim embodiments, the additional mucrobial species
comprise fungi. In certain embodiments, the fungt comprise myveorrhizal fungi. Fungi can be as

described herein,

1N Examples

Example 1: Preparation of microbial composition

{00349]  This example demonstrates two different methods of preparation of a composition
comprising a plurality of different microbes from 140 different microbe stocks. corresponding to
Designations 1-45 (ATCC Nos. PTA-127367 to PTA-127411) and microbial stocks OATH 46~
140, ATCC stock 46 was prepared with microbes from microbial stocks OATH 46-140 and
ATCC stock 47 was prepared with microbes from all 140 stocks.

f00350]  The compositions were produced using fully aseptic techniques. Microorganisms
within each of the 140 different stocks were separately cultared n a laminar airflow cabinet with
HEPA filters (0.2 um). Autoclaves and pressure cookers were used to sterifize the media at 121
“C at 1.5 atmospheric pressure for 30 minutes. After autoclaving, ingredients were stored at room
termperature of 20-23 “C until use. The hving microbes i the product were stored m the fudge at

4 °C and in liqud glycerol 1 the freczer at <20 °C. The laboratory, storage area, benches and
~206-



10

[y
0

WO 2025/097154 PCT/US2024/054441

Hoors tn the laboratory were constantly cleaned and sanitized every day with Lysol, cthyl alcohol
and bleach to mamtain the highest level of cleanness. During manufacturing all standard methods
of sterilization were used meluding hand washing with medical soap and ethyl alcobol for the
technicians. The mgredients (the living microbes and the glucose (dextrose which is the carrier)
were mixed inside laminar airflow cabinet with HEPA filters (0.2 pm) to prevent any possibility
of contamination.

[00353]  In a first procedure, microbes from each stock were separately grown on catmeal agar
{(as below for iquid media, but with the addition of agar). The plates were dried in the lanunar
airflow hood before using them, to prevent moisture accurmation. The plates were inoculated
with the spores from a previous plate and spread with stenlized moculating loop. Twenty plates
were prepared for each of the 140 stocks. The plates were incubated in the incubator for at least
10 days at 28 "C. After 10 days, all the plates (20 plates for cach of the 140 stocks} were scraped
using scalpel or a strong sharp knife and the cells and spores were combined with 500 g of
elucose to make a stock powder. In some cases, a wetting agent such as Yucea powder was also
be added to the dry mix as an orgamc wetting agent. The aliquot was then filled 1n stenilized and
tightly sealed plastic pouches imside lanunar aicflow cabinet under aseptic techniques. On
average, 100 g of stock powder is used to treat | acre.

[00352] In asecond procedure, the manufacture of the wettable dry products was carried out
by growing the microbes in cach of the 140 stocks in liquid organic catmeal broth which contains
nultivitamins and veast extract {1gram veast extract per 1000 mL of water + 0.5 multivitamins
per 1000 mL of water}. The higuid catmeal was sterilized in culture bottles at 121 "C for 30 min
on three successive days to ensure sterifization. Separately for each stock, liquid oat medivun was
aseptically moculated with spore suspensions (8 ral.) and incubated with coustant shaking at 250
rpm at 28 "C in the dark for 10 davs. Tn some cases, each individual colture was first grown on an
agar/oatmeal plate, as above, then scraped or otherwise separated from the agar into the higuid
medium. The hiquid/microbe mixes were placed on a shaker. After 10 days of incubation onthe
shaker, the liquid media were generally combined into a single higuid aliquot, and the cells were
harvested by normal filiration and centrifugation at 4000 x g for 20 min. The harvested spores
and cells after centrifugation were completely dried in a laminar airflow cabimet with HEPA
filters (0.2 pny) for 2 hours in 500 g of glucose as a stock powder. Organic Yucca powder can
also be added to the dry mix as an organic wetting agent. The aliquot was then filled i sterilize
and tightly sealed plastic pouches inside laminar airflow cabinet under aseptic technigues. Un
average, 100 g of stock powder is used to treat | acre.

[00353] Al pouches were stored up to 20-23 “C in dry conditions. The pouches can stay active

for up to 12 months at 206-23 "C i dry conditions.
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Example 2: Increase in soil carbon in soil treated with a composition comprising a plurality
of different microbes as disclosed herein

[00354]  This example demonstrates increased soil arganic carbon (SOC) levels and mereases
in soil microbes after treatment of soil in which turf was grown with a composition comprising a
plurality of difforcnt microbes {gencrated as deseribed in Example 1) as corapared to untreated
soil and turf.

{003558]  The composition comprising a plurality of different microbes (was applied to low
bulk density turf, untreated control with the same soil and plants was also used. At 6 months
post-treatment, sotl organic carbon levels were measured by loss on ignition for both the treated
turf and an untreated control at 6 months post-treatment. Soil orgamc carbon levels are reported
as {(weight after heating divided by weight before heating)* 100%. Further, abundance of soil
microbes was measured for both the treated turf and an untreated control. Briefly, 1 gram of soil
was rinsed with water, the water was strained and collected so that the microbe from the soil
were present in the strained water, and then cells in a portion of the water were coanted vander a
microscope, and extrapolated to the entive gram of soil. Results are shown in Table 3. The soil
organic carbon level 6 months post treatment was 65% higher in treated vs. untreated soil {soil
carbon level of 18.70% in treated vs. 11.30% in untreated) The treated turf comprised 4,200,000
microbes per gram of soil as compared to 7,900 microbes per gram of soil in the untreated

control, a 531-fold increase in total soil mucrobes due to treatment of turf with the composition.

Table 3: soil organic carbon level and soil microbe measurements

Treated Untreated
Sotl organic carbon level [%] 18.70% 11.30%
Microbes per gram soil 4,200,000 7.900

{00356]  This example demonstrates surprisingly rapid and large improvenent of soil
characteristics, mcluding soil organic carbon level (~65% increased SCGC) and microbe per gram
soil {531-fold increase) in turf treated with the composition comprising a plurality microbes as

compared to untreated turf in just six months.

Example 3: Optimized soil bulk density and increased soil moisture content after treatment
with a composition comprising a plurality of different microbes as disclosed herein

{80357  This example demonstrates improved soil bulk density (SBD) and increased soil
moisture content (SMC} in turf soil after treatment with a composition comprising a plurality of

different microbes {generated as described in Example 1) as compared to untreated turf soil.
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{00358]  The composition comprising a plurality different microbes was applied to plots of turf
in 3 geographically separate locations. Untreated turf was also used as a control. Treated turf was
watered dady for 20 nunutes. Untreated turf was watered daily for 40 minutes. After 6 months,
five soil samples were collected at each location from the treated turf and five separate soil
samples were collected from untreated control turf. Values for cach location were averages of the
soil samples for the locations.

[00359]  Soil bulk density and soil moisture content were determmed for cach soil sample as
follows.

{08368]  SBD was determined by collecting a soil sample by an auger, drying then weighing
the sample, and then dividing the weight of the soil sample by its volume. According to USDA
soil quality indicators, the 1deal soif density for optimum plant growth in Sandy and Silty soils is
between 1.40 1o 1.60. Soil density which restricts root growth in Sandy and Silty soils is between
1.65 to 1.80. The results of the study arc shown in Table 4 and demonstrate an tmprovenent in
soil bulk density of turf treated with the composition comprising a plurality of different microbes
as compared to an antreated control, with an average change in soil bulk density at the end of six

months into the optimum range, compared to untreated, which was above the optimum range.

Table 4: soil bulk density [g emy™| comparison of treated and untreated soils

Treated Untreated
Location 1 1.36 1.62
Location 2 1.78 1.64
Location 3 1.49 1.93
Average 1.54 1.73

[00361] SMC was detemmined by oven drying the sample at 100 "C for 48 hours. measuring
the dried weight of the sample, and the calculating the difference between the fresh soil weight
and the dry soil weight. The higher the value of the sotl moisture content, the better the soil
retaing water. The results of the study are shown in Table 3 and demonstrate an improvement in
soil moisture content of turf treated with the composition comprising a plurality of different
microbes as compared to an untreated control with an average increase in soil moisture content

of 107%.

Table 3: soil moisture content {%] comparnison of treated and ontreated soils

Treated Untreated
Location 1 49 67 23.80
Location 2 32.60 1477
Location 3 47 20 24.00
Average 43 16 20.46
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[00362] SMC was firther estimated using a neutron probe. Neatron probe readings were taken
at each location. The results are shown i Table 6 and correlate with the soil water content as

measured above.

Table 6: soil moisture content {%] comparison of treated and untreated sotls as estimated by

neutron pmbe measurements

Treated Unireated
Location 1 8.0 6.00
Location 2 7.50 6.00
Location 3 700 5.00
Average 7.50 5.67

{00363]  This example demonstrates surprisingly rapid and large improvement of soil
characteristics, including optimized soil bulk density and dramatically increased soil water
content {~107% mereased SWC) in turf treated with the composition comprising a plurality
different microbes as compared to untreated turtf, in just six months. On average, treatment of soil
with the composition comprising a plurality of different microbes improved soif bulk density to

within the USDA s recommended ideal soif density for optimum plant growth.

Example 4: Improvements in soii moisture level and reduced water usage in soil after
{reatment with a composition comprising a plurality of micvobes

[00364] This example demonstrates reduction of the required application of water in minutes
of water per day to keep soil moisture percentage levels at a desired set point after treatment with
a composition comprising a different microbes (gencrated as descnbed i Example 1) as
compared to an untreated control.

f00365] The following data was compiled over the course of 112 days after treatment of soil
in which grass was growing with the composition comprising a plurality of different microbes.
Once per week, four soil moisture readings were taken using a water moisture meter from four
treated sites and two untreated sites. The four samples meluded (1) a high moisture arca sample,
{2y a tow moisture area sample, and (3-4) two medium moisture level arcas. The average of each
site was calculated and documented. Soil moisture content (SMC} was calculated with a digital
soil moisture reader for percentages in the top six mches of soil.

{00366]  The first 30 days were used as a baseline to identify and sustain SMC levels to the
target set point by adjusting the duration of watering. After the first 30 days, the duration of
watcring was reduced to maintain the desired SMC as the plurality of different microbes

amended the soil. The results for the four treated sies and two untreated sites are shown mn Table
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7 (SMC = 301l moisture content %] and WD = watering duration {min}). Measurements are

recorded as 96 soil water saturation.

Table 7. moisture level and watering duration measurements

PCT/US2024/054441

Day 30 Day 60 Bay 90 Dav 112
SMC WD SMC WD SMC WD SMC WD
Treated Location 1 &0 40 90 40 G} 44 g3 20
Treated Location 2 100 40 85 34 75 10 100 10
Treated Location 3 100 40 85 25 60 7 93 13
Treated Location 4 100 40 100 40 100 40 90 25
Untreated Location 3 70 40 50 40 50 40 90 40
Unireated Location 6 100 40 60 44 64 44} 80 40

[00367F By dav 112, treated location | saw a reduction 1o watering duration from 40 nunutes
1o 20 minutes. The 20 minute watering duration resulied m an average SMC of 93%. By day 112,
treated location 2 saw a reduction in watering duration from 40 minotes to 10 mimstes. The 10
nunuic watering duration resufted i an average SMC of 100%. By dav 112, treated location 3
saw a reduction in watering duration from 40 minutes to 15 munutes. The 15 minute watening
duration resulted m an average SMC of 95%. By day 112, treated location 4 saw a reduction in
watering duration from 40 minutes to 25 minutes. The 20 minute watering duration resulted m an
average SMC of 90%,. The untreated locations required a water duration of 40 minutes to achieve
0% and 80% SMC, respectively. Temperatures at the sites were extremely high, reaching over
100° F. It was the opinion of experts that turf gquality was better than control arcas in the treated
arcas, with reduced water usage.

{00368]  Further, soil water holding capacity (WHC) of the soil samples were measured.
Briefly, two cup cutter cores, one treated and one non-treated, were weighed on an analytical
balance, placed into separate tared, plastic buckets, and saturated to run off with tap water twice
to make sure that each core retained the maximum amound of water. Fully saturated cores were
weighted again and placed on a lab bench at room temperature. The samples were weighed every
24 hours until completely drv. Data is shown in Figure 3. After moisture saturation, treated
sample weight increased by 31% while untreated weight increased by 24% moisture,
demonstrating a higher initial WHC for treated soil than untreated soil. After 12 davs, the
untreated sample decreased in weight by 40.69% and was completely dry, while the treated
sample decreased in weight by only 17.50% and possessed adequate moisture for plant growth. it
was of the opuuon of experts that soil texture was noticeably different and more sponge like in
treated sample.

[00369]  This example demonstrates a substantial increase in WHC and reduction 1o required

watering duration after treatment with a compostiion comprising a plurality of different microbes
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as compared to untreated controls. Water requirements were reduced by a minimum of 25% after
30 days and by a nustmum of 50% after 90 days, while demonstrated soil water content as good
as or better than untreated, after only one application of the soil microbes. Further reductions

could likely be achieved in temperatures less extreme than those of this test.

Example 5: Increases in root length and reductions in water usage following treatment with
2 composition comprising 2 plurality of different microbes as disclosed hergin

{00370 This example demoustrates increased root length and reduced water usage for turf
treated with a composition comprising a plurality of different microbes {generated as described
in Example 1).

[008371]  The soil organic matter of a plot of turf was measured to be 0.2% and the root length
was measured to be an average of 1.57. Soil organic matter was measured by loss on ignition as
previously desceribed. The composition comprising a plurality of different microbes was then
applied to the plot. After 2 months root length was measured. Root length increased from an
average of 1.57 to an average of 77 after treatroent with the composition coraprising a plwrality of
microbes.

[00372]  Further, total water usage was measured monthly and compared to the historical
median average for the 4 vears prior to treatment. Data is shown in Table 8. For Month 1
following treatmoent, 8,579,656 gallons of water were used per acre of treated turf as compared to
a required 11,518,832 in the years prior to treatment (34.3% reduction in water usage). For
Month 2 following treatment, 6,373,643 gallons of water were used per acre of treated turf as
compared to a required 13,034,040 in the years prior to treatment (104.5% reduction 1o water
usage}. For Month 3 following treatment, 5,089,792 gallons of water were used per acre of
treated turf as compared to a required 7,110,068 i the years prior to treatment (39.6% reduction
in water usage). For Month 4 following treatment, 4,226,287 gallons of water were used per acre
of treated turf as compared to a required 2,701,304 10 the vears prior to treatment (54.4%
increase w water usage). Of note, is that two of the four vears, an additional 2 inches of rainfall
occurred skewing the median average. For Month 5 following treatment, 2,896,815 gallons of
water were used per acre of treated turf as compared to a required 4,425,056 in the vears prior to
treatment (52.7% reduction in water usage). Four the 5 months tested, an average of 5,433,239
galions of water were used per acre of treated twrf as compared to an average of 7,757,860

zallons of water used per acre of untreated turt, an average reduction of 42.8% water usage.

Table &: water usage measurements

Treated [gal/acre] Prior to treatment {gal/acre]
Month | 8,379,656 11,518 832
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Month 2 6,373,643 13,034,040
Month 3 3,089,792 7,110,068
Month 4 ** 4,226 287 2,701,304
Month 3 2,806,815 4425 056

{00373} This example demonstrates increased root length and sigoificant 42.8% average
reduced water usage for turf treated with a composition comprising a plurality of different
microbes as compared to the same nurf prior o treatment. Further, the increase of root length
from an average of 1.537 to an average of 77 after treatment with the plurality of different
microbes roughly correlates to root biomass. In the case of root biomass, it 15 generally thought

that increases in root biomass are a major contributor to soil carbon content.

Example 6: Increases in beneficial microbes following treatment with a microbial
consortinm

{00374]  This example demoustrates increased beneticial microbe abundance in torf soil after
treatraent with a compaosition comprising a plurality of different microbes (generated as
desenbed in Example 1} as compared to an untreated control.

[00375]  Turf was treated with the composition comprising a plurality of different microbes.
Total counts of beneficial microbes caleulated consist of bacterta, fungi and actinomyectes which
were determuned under a dissecting microscope. Beneficial microbes (fungi and bacteria} were
437 5-fold higher in treated soil as compared to untreated soil after 10 days and 7,180-fold higher

after 20 days {Table 9).

Table 9. Beneficial microbe measurements per gram of soif

10 days 24 days
Treated Untreated Treated Unireated
Beneficial Fungt & Bactera 2,100,000 4,800 28,000,000 3,900

[00376]  This example demonstrates increases in beneficial microbes in an exceptionally short
time after a single treatment with a composition comprising a plurality of different muicrobes of

the type disclosed herein.

Example 7: Increases in beneficial microbe abundance following treatment with a
microbial consertinm

[003771  This example demonstrates increased beneficial microbe abundance in turf soil after
treatment with a composition compnsing a plurality of different microbes (generated as
described in Example 1) as compared to an untreated control.

f00378]  Turf was treated with the composition comprising a plurality of different microbes.
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Table 10: Beneficial microbe measurements per gram of soil

Treated Untreated
Beneficial Fungi & Bacteria 3,500,000 8,800

[003791  Total counts of beneficial microbes calculated consist of bactena, fungi and
actinomycetes which were determined under a dissecting microscope. Beuneficial microbes (fungi
and bacteria) were 397-fold higher in treated soil as compared to untreated soil afier 19 days
{Table 10).
{0038G]  Thesc results demonstrate a pioncering example of improvement in soil microbiome
after an exceptionally short treatment duration following treatment with a composition

comprising a plurality of different microbes of the type as described herein.

Example 8: Increases in beneficial microbe abundance following treatment with a
microbial consortium

[003817  This example demoustrates increased beneficial microbe abundance in torf soil after
treatroent with a composition comprising a pluraltty of different microbes (generated as
desenbed in Example 1) as compared o an untreated control.

[00382]  Four plots of turf were treated with the composition comprising a phurality of
different microbes and two plots of turf were maintained as untreated controls. Beneficial
nucrobes were measured 3 weeks post treatment for the treated group as well as an untreated
control (as described above}. Daia is shown in Table 11,

{003831  Total counts of bencficial microbes calculated consist of bacteria, fungi and
actinomycetes which were determined under a dissecting microscope. Beneficial microbes (fungs

and bacteria) were 2,642-fold haigher in treated soil as compared to untreated after 3 weeks.

Table 1 1: Beneficial nucrobe measurements per gram of soil

PCT/US2024/054441

Untreated Untreated | Treated #1 | Treated #2 | Treated #3 | Treated #4
#1 #2
Beneficial 4,200 6,700 5,600,000 | 39.000,000 | 6,200,000 | 6,800,000
Fungi &
Bacteria
[00384] This Example demonstrates that the microbiome in the treated sod was increased

remarkably by the treatment with the composition comprising a plurality of different microbes—

over two thousand-fold in beneficial organisms, compared to untreated sotl, i just three weeks.

Example 9: Increases in beneficial microbes following treatment with a microbial

consoriium
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{08385]  This example demonstrates increased beneficial microbe abundance 1n turf soil after
treatment with a composition comprising a plurality of microbes (generated as described in
Example 1) as compared to an untreated control.

[00386]  Four plots of turf and shnibs were treated with the composition comprising a plurality

different nuicrobes.

Table 12: Beneficial microbe measurements per gram of soil

Untreated Treated
Beneficial Fungi & Bacteria 730 4,300,000

[003877  Total counts of beneficial microbes calculated consist of bactena, fungi and
actinomycetes which were determined under a dissecting microscope. Beuneficial microbes (fungi
and bacteria) were 5,890-fold higher in treated soil as compared to untreated sod after 3 months
{Table 12).

{003881  This example demonstrates a substantial large and rapid rise in beneficial microbes,
as compared to untreated. These results demonstrate a pioneering example of sotl amendment
and resulting stunning improvement in microbiome after an exceptionally short time afier
treatment with a composition comprising a plurality of different microbes of the type as disclosed

herein.

Example 10: Increases in soif organic carbon levels and increase in beneficial microbe
abundance following treatment with a microbial consortium

[00389]  This example demonstrates increased soil organic carbon levels and increase
beneficial microbe abundance in tarf soil after treatment with a composition comprising a
plurality of different microbes {gencrated as described in Example 1) as corapared to an
untreated control.

{003901  Four plots of turf and shrubs were treated with the composition comprising a plarality
of different microbes and two plots of turf were maintained as untreated controls. Soil organic
carboun levels and bencficial microbes were maeasured 190 davs post treatment for the treated

group as well as an untreated control {as described above).

Table 13: Beneficial nucrobe measurements per gram of soil

Untreated Treated
Beneficial Fungi & Bacteria 7.900 4,200,000

[00391]  Total counts of beneficial nucrobes calculated consist of bactena, fungi and

actinomycetes which were deternined under a dissecting microscope. Beneficial microbes (Rmgi
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and bacteria} were 531 ~fold higher in treated soil as compared to untreated soil after 3 months
{Table 13). Further, sod organic carbon levels were on average 18.7% in treated soil as compared
to 11.3% for untreated soil, a 63% mncrease.
[00392]  This example demonstrates an enormous merease in beneficial microbes and a

3 substantial increase in soil carbon after treatment with a composition comprising a phurality of
different nucrobes of the type as disclosed hercin. These results demonstrate a pionecring
example of soil amendment and resulting astonishing tmprovement, in both microbiome and

carbon content, after an exceptionally time after a single treatment.

Example 11: Increased beneficial microbe abundance {ollowing treatment with a microbial
10 comsortium

{00393}  This example demonstrates increased beneficial microbe abundance in twif soil after

treatment with a composttion comprising a plurality of different microbes {gencrated as

described in Example 1} as compared to an untreated control.

{00394]  Buoefly, plots of turf and shrubs were treated with the composition comprising a

[
W

plarality of different microbes and plots of turf and shrubs were maintained as untreated controls.
Beneficial microbes were measured 190 days post treatment for the treated group as well as an

untreated control {as described above}. Data is shown mn Table 14

Table 14: Beneficial microbe measurements per gram of soil

Untreated Treated
Bencticial Fungi & Bacteria 890 34,000

20 [09395]  Total counts of beneficial microbes caleulated consist of bactena, fungi and
actinomycetes which were deternuned under a dissecting microscope. Beneficial microbes (fungt
and bacteria) we're 60.6-fold higher in treated soil as compared to untreated soil after 3 mounths,
{083%6] This example demonstrates a remarkable improvement in soil microbiome after an

exeeptionally short time after a single treatment with a composition comprising a plurality of

)
i

different microbes of the type as disclosed herein,

Example 12; Increase in beneficial microbe abundance following treatment of a food crop

with a microbial consortivm

{00397 This example demonstrates increased bencficial microbe abundance in soil in which

blueberries were grown after treatment with a composition comprising a phurality of different
30 microbes {generated as described in Example 1) and no improvement, in fact, worsening, in

unireated soi over time.
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{00398]  Soil from 3 locations that was grown with blueberrics was treated with the
composition comprising a plurality of different nicrobes. Beveficial microbes were measured at
day 0 and the remeasured 17 days post treatment for the treated group as well as an untreated

controd (as described above).

Table 15: Beneficial microbe measurements as reported treated/untreated® 100%

Location 1 Location 2 Location 3
Treated Untreated Treated Untreated Treated Untreated
Beneficial 100.000x 0.25x% 1500x (.19 42.000x 1.58x

[00399]  Total counts of beneficial microbes calculated consist of bactena, fungi and
actinomycetes which were deternmined under a dissecting microscope. Beneficial microbes (fungi
and bacteria) were on average 47,833-fold higher than day 0 in treated soil as compared to on
average (.67-fold that of day O for untreated soil (Table 15}

{00400] This example demounstrates a substantial farge and rapid {only 17 days) increase in
beneficial organisms n treated soil, while untreated sot showed a shight jocrease o one case and
significant decrease in two cases. These results demonstrate a pioneering example of soil
amendment and enormous increase in beneficial microbes, n sol treated with a composition
comprising a plurality of different nucrobes of the type as disclosed herein over just 17 days,

compared 10, on average, a decrease in beneficial microbes in untreated soil over 17 days.

Example 13: Increasing growth in existing forests or reforestation with a composition
comprising a plurality of different microbes as disclosed herein

{004061]  Soils treated with a plurality of different microbes as disclosed herein have been
shown to require at least 33% less water than untreated soils, m some cases at least 50% less (see
examples above and below). Further soils treated with a phurality of different mucrobes have been
shown to increase tree growth by over at least 50% after 180 days (sce examples above and
below). Therefore, applving a plurality of different microbes to forested or deforested soils
improves tree growth both above- and below-ground, thus sequestering atmospheric carbon,
increasing chances of survival and robust growth of seeds or seedlings, and mcreasing drought
tolerance and pest resistance of plants growing in those soils,

{00402]  In a first procedure, a composition comprising a plurality of different microbes as
disclosed heremn 1s formulated into a plurality of delivery compositions such that they can be
delivered acrially to soils to be treated. The acrial delivery device is manned or vamanned, for
example a drone. The plurality of delivery compositions is formulated such that they can be

loaded onto the aenial delivery device and dehivered to the soil. The delivery compositions can be
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further formulated as a delayed release formudation, such that a percentage of the delivery
composttions’ condents is released over tune rather than tmmediately upon delivery. The acrial
delivery device delivers the compositions to a forested arca such that at least a portion of the
forested area receives the delivery compositions. After the application, trees grow more robustly,
53 become more drought- and pest-resistant, and sequester significantly more amounts of carbon in
soil compared to before the application. A monetary return may be realized based onthe
additional carbon sequestered and the price per metnic ton of carbon sequestered.
{00403] In a second procedure, a delivery composition is formulated that comprises a plurality
of different microbes as disclosed herein and a plurality of sceds or scedlings of forest trecs; the
10 delivery composition s formulated as microbes coating the seeds, separate from the seeds, or
both. The delivery compositions are loaded onto an acrial delivery device such as a drone and
delivered to a forested area with a low or no density of trees, for example an area that recently
experienced fire damage or deforestation by other means. The acrial delivery deviee delivers the

delivery compositions such that the delivery compositions preferably enters the ground, where,

[y
0

upon entering the ground, the composition begins to dissolve such that the seed can sprout under
appropriate conditions. The acnal delivery device delivers the delivery composition containing a
seed or seedling such that the seeds or seedlings will be spaced based on the respective species of
tres being planted. Since the plurality of different microbes amends the soil, increasing the rate
of scedling growth and reducing the require amounts of water, the sceds and seedlings

20 experience increased survival rate (the amount of viable scedlings per planting) as compared to
methods delivering seeds without the plurality of microbes. After the application, the seeds or
seedlings grow to mature trees, and sequester significantly more amounts of carbon both in the
vegetation of the trecs and n soil compared to before the planting and application of microbes. A
monetary refurn may be realized based on the additional carbon sequestered and, e.g., the price

25 permetric ton of carbon sequestered.

Example 14: Increasing carbon sequestration in grasslands following treatment with a
composition comprising a plurality of different microbes as disclosed herein

[00404]  Soils treated with a plurality of different microbes as disclosed herein have been
shown to require approximately 35% less water than untreated soils (see Examples 4 and 9).

30 Further soils treated with a plurality of different microbes have been shown to increase grass
growth by over 50% after 180 days (See Examples 5-8) as well as reducing or climinating pests
that can Himit grass growth. Therefore, applving a plurality of different microbes to existing
grasslands improves plant growth both above- and below-ground, resalting in significant carbon

sequestration from the atmosphere.
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{08405]  In a first procedure, a composition comprising a plurality of different microbes as
disclosed herein is formaulated into a plurality of delivery compositions such that they can be
deploved acnally to soils to be treated. The aenal delivery device is manned or unmanned, for
example a drone. The plurality of delivery compositions is formulated such that they can be
loaded onto the acrial delivery device and delivered to the soil. The aerial delivery device
delivers the delivery compaositions to one or more existing grassland areas compusing, in total, at
least 100,000 hectares, for example at least 1,000,000 hectares or at least 100,000,000 hectares,
such that the grassland area receitves the delivery compositions. After the application, grasses
significantly more amounts of carbon in soil compared to before the application, such as at least
2-10 metric tons more per hectare in the first year, with continued carbon sequestration in
following vears. A monetary return may be realized based on the carbon sequestered and the
price per metric ton of carbon sequestered.

{00406]  In a second procedure, the delivery compositions are further fornwlated as a delayed
release formudation, such that a percentage of the delivery compositions’ contents is released
over time rather than immediately upon delivery. The aerial delivery device delivers the delivery
composttions to an existing grassland arca comprising at least 100,000 hectares, for example at
least 1,000,000 hectares such that the grassland area receives the delivery compositions. The
delivery composttions refease the microbes over time, so that the grasslands have extended
application of microbes. After the application, grasses sequester significantly more amounts of
carbon i soil compared to before the application, such as at least 2-10 metric tons more per
hectare in the first vear, with continued carbon sequestration m following vears. A monetary
return may be realized based on the additional carbon and the price per metric ton of carbon

sequestered.

Example 15; increases in shoot biomass following treatment with a composition comprising
a plurality of different microbes as disclosed herein

{08407] This example demonstrates increase shoot bromass following treatment of soil with a
composition comprising a pluraiity of different nucrobes (generated as described i Example 1)
as compared to an untreated controd.

[00408] A 30 square meter plot of turf was treated with the composition comprising a plorality
of different microbes. Above ground grass cuttings from the plot were taken on three occasions
and weighed for shoot biomass. An equivalent arca was sampled from a untreated turf control
plot. Application of the composition comprising a plurality of different microbes to the turf

showed a 72% mcrease in shoot biomass by the first cutting, a 68% ncrease in shoot biomass by
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the sccond cutting, and a 135% increase in shoot biomass by the third cutting (Table 16} as

compared to the control plot.

Table 16: shoot biomass measurements

Treated [g]

Untreated {g]

First cutting 398 .4 5221
Second cutting 12115 7198
Third cutting 27638 11753

[00409]

a composition comprising a plurality of different microbes as compared to an untreated control.

This example demonstrates 3 substantial increase in shoot biomass after apphication of

Example 16: increases in shoot and root biomass following treatment with a composition
comprising a plurality of different microbes as disclosed herein
{00410  Tlus examaple demonstrates increase shoot and root biomass following treatment of
soil with a composition comprising a plurality of different microbes {generated as described in
Example 1) as compared to an untreated control.
[00411] A 30 squarc meter plot of turf was treated with the composttion comprising a plurality
of different microbe. Above ground grass cuttings from the plot were taken on three occasions
and weighed for shoot biomass and a 1 meter square sample was removed to measure 100t
biomass. Root biomass was measured by thoroughly rinsing the roots to remove any soil, drying,
and then weighing. An equivalent area was sample from a untreated turf control plot. Application
of the composition comprising a plurality of different microbes to the turf showed a 19%
increase in shoot biomass at 21 days, a 36% increase in shoot bicmass at 33 davs, a 40% mcrease
in shoot biomass at 60 days, and a 20% increase m shoot biomass at 90 days (Table 17) as
compared 1o the control plot. Further, application of the composttion comprising a plurality of
different microbes to the twrf showed a 79% increase in shoot biomass at 21 days, a 60% morease
[¥)

in shoot biomass at 33 days, a 55% increase in shoot biomass at 60 days, and a 56% merease in

shoot biomass at 90 days (Table 17) as compared to the control plot.

Table 17: Shoot and root biomass measurements

Treated Unireated
Shoot biomass [g] | Root biomass [g] | Shoot biomass [g] | Root biomass [g]
21 davs g3 52 78 29
33 days 4.3 N 113 4.8
60 days 27.2 154 194 39
90 davs 33.8 212 285 13.6
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{08412] This example demonstrates a substantial increase in both shoot and root biomass after
application of a coraposition comprising a plurality of different nucrobes. In the case of root
biomass, it is generally thought that increases in root biomass are a major contributor to soil
carbon content, in this case, a remarkable 56% in only 90 days after a single apphication of the

3 composition comprising a plurality of different microbes.

Example 17: Increases in shoot biomass following treatment with a composition comprising

a plurality of different microbes as disclosed herein

[00413]  This example demonstrates increase shoot biomass following treatment of soil with a

composition comprising a plurality of different microbes (generated as described in Example 1)
10 as compared to an untreated control.

{00414]  One square meter wooden flats (57 deep) were sceded with Bermuda grass in a

greenhouse. Six flats were treated with the composition comprising a plurality of different

microbes. Above ground shoot were collected from the six treated flats and six untreated {lats,

dried at 60 "C, and dried shoot biomass was measured. Data 1s shown m Table 18, Specifically,

dried shoot biomass was increased by 33% at 25 days, 61% at 60 days, and 90% at 90 days as

[
W

compared to the untreated controls.

Table 18: dried shoot biomass measurements

Treated [g] Untreated [g]
25 davs 3792 37.19
60 days 8943 55.37
90 days 1§9.44 62.84

{00415] This example demonstrates a substantial increase i shoot biomass afier application of

20 acomposition comprising a plurality of microbes.

Example 18: increases in shoot biomass following treatment with a composition comprising
a plarality of different microbes as disclosed herein
[00416]  This example demonstrates increase shoot biomass following treatment of soil with a

composition comprising a plurality of different microbes {gencerated as described in Exaraple 1)

[
N

as compared to an sotreated control.

{00417 15 meter long rows of soil were sceded with tall fescue. The first row was treated
with a composition comprising a plurality of different microbes and the second row was
untreated. Shoot dry weight was taken three times by mowing a 3 square meter plot, drving at 60

‘C, and weighing. Data is shown in Table 19 expressed as dry weight biomass per 1 square meter
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of turf. Specifically, drv shoot biomass increased by 834% at the first cutting, 109% at the second

ale 1LV

cutting, and 122% at the thud cutting as compared to the untreated control,

Table 19: Dried shoot biomass measuremenis

Treated Untreated
first cutting 17.39 642
second cutting 31.22 14.9
third cutting 41.16 18.53

[00418] This example demonstrates a substantial increase in shoot biomass after application of

a composition comprising a plurality of microbes.

Example 19: Increases in root weight, shoot weight, shoot height, and percent
mvycorrhization following treatment with a composition comprising a plurality of different
microbes as disclosed herein

[00419]  This example demonstrates increased root weight, shoot height, shoot weight, and
percent mveorrhization for tree seedlings after treatment with the composition comprising a
plurality of different nicrobes (gencrated as described in Example 1) as compared to an
unireated control.

{08428] Long leaf ping, bald cypress, and castern white pioe sceds were separately planted in
soil in containers 17 inches long by 1.7 inches wide. After planting, the composition comprising
a plurality of ditferent microbes was applied to the soil. All secedlings were irrigated with one
inch water per week in addition to natural rainfall and once every two weeks were overhead
chemigated with a dilute Miracle Grow fertifizer solution. 10 seedlings were harvested at 30, 60,
90, 120, and 180 days. Root weight, shoot height, and shoot weight were measured. Root weight
was measured by collecting the roots of the plant, thoroughly rinsing away soil, dryving, and then
weighing. Shoot weight was measured by cutting the shoot of the plant, drying, and then
weighing. Percent mycorrhization of the root systom was determined under a dissecting
microscope for each seedling.

[00421]  Data s shown for bald cypress trees in Table 20, Average root weight was 12%, 5%,
153%, 53%, and 55% ncreased at 30, 60, 90, 120, and 180 days, respectively, in the treated
samples as compared to the untreated samples. Average shoot height was 7%, §.5%, 10%, 46%,
and 38% increased at 30, 60, 90, 120, and 180 davs, respectively, in the treated samples as
compared to the untreated samples. Average shoot weight was 3%, 4%, 74%, 63%, and 38%
increased at 30, 60, 90, 120, and 180 days, respectively, in the treated samples as compared to

the untreated samples.
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Table 20: Bald cypress measurements

Treated Untreated
Root Shoot Height Shoot Root Shoot Height Shoot
Weight {g] fcm] Weight {g] | Weight [g] fom] Weight {g]

30 18 32 2.1 16 30 2.0
davs
60 4.0 7.1 47 38 7.0 4.5
days
2y 113 13.7 i94 98 124 111
days
120 18.2 237 239 119 16.2 145
Davs
180 222 271 275 143 199 173
Days

{004221 Percent mycorrhization was 0, 10, 23, 45, and 75% for days 30, 60, 90, 120, and 180

respectively as compared to 0, 0. 0, 10, and 20% for days 30, 60, 90, 120, and 180 for untreated
5 samples. Myeorthization was detected by day 30 in the treated samples as compared day 120 for

the untreated samples. Fuorther, the relative percent of myeorrhization was 4.5-fold and 3.75-fold

higher in the treated samples as compared to the untreated samples for days 120 and 180

respectively.

[004231 Data is shown for long leaf pine trees in Table 21, Average root weight was 18%,

10 31%, 309%, 49%, and 64% increased at 30, 60, 90, 120, and 180 days, respectively, in the treated
samples as compared to the untreated samples. Average shoot height was 16%, 36%., 49%, 65%,
and 83% increased at 30, 60, 90, 120, and 180 davs, respectively, in the treated samples as
compared to the untreated samples. Average shoot weight was 14%, 36%, 109%, 72%, and
117% increased at 30, 60, 90, 120, and 180 days, respectively, in the treated samples as

15 compared to the untreated samples.

Table 21: Long leaf pine measurements

Treated Untreated
Root Shoot Height Shoot Root Shoot Height Shoot
Weight {¢] {cm Weight {g] | Weght [g] [cra] Weight [g]
30 2.6 42 31 2.2 3.6 27
days
60 55 83 49 472 6.1 36
davs
90 82 127 82 6.3 8.5 4.4
days
1260 12.3 19.4 136 8.4 117 79
Davs
180 151 222 174 92 2.1 8.0
Davs
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[00424]  Porcent mycorrhization was 0, 33, 85, 100, and 100% for days 30, 60, 90, 120, and
180 respectively as compared 10 0, 0, 10, 15, and 20% for days 30, 60, 90, 120, and 180 for
untreated samples. Mycorrhization was detected by day 30 in the treated samples as compared
day 90 for the untreated samples. Treated samples achiove complete mycorrhization after 120
days, where the untreated samples reached a maximum of 20% mycorrhization by 180 days.
Further, the relative percent of mycorrhization was 3.5-fold, 5.6-fold and 3-fold higher m the
treated samples as compared to the untreated samples for days 90, 120, and 180 respectively.
{08423]  Data 1s shown for castern white pine trees in Table 22, Average root weight was 12%,
5%, 23%, 2%, and 42% increased at 30, 60, 90, 120, and 180 days, respectively, in the treated
samples as compared to the untreated samples. Average shoot height was 15%, 7%, 22%, 22%,
and 37% increased at 30, 60, 90, 120, and 180 days, respectively, in the treated samples as
compared o the untreated samples. Average shoot weight was 10%, 12%, 15%, 12%. and 19%
increased at 30, 60, 90, 120, and 180 days, respectively, in the treated samples as compared to

the untreated samples.

Table 22 Eastern white pine measurements

Treated Untreated
Root Shoot Height Shoot Root Shoot Height Shoot
Weight {g] fem] Weieht [g] | Weieht [g] fom] Weight {g]
30 2.7 37 3.1 2.4 32 2.8
days
60 42 5.6 4.4 4.9 52 39
days
90 8.9 1.6 7.7 72 9.5 6.7
davs
120 111 173 93 9.9 141 83
Davs
180 174 239 132 12.2 174 i1l
Days

[00426]  Percent mycorrhization was 0, 23, 55, 90, and 100% for days 30, 60, 90, 120, and 180
respectively as compared 10 0, 10, 15, 35, and 50% for days 30, 60, 90, 120, and 180 for
untreated samples. Mycorrhization was detected by day 30 1 both the treated samples and
untreated samples. Treated samples achieve complete myveorrhization after 180 davs, where the
untreated samples reached a maximum of 30% mycorrhization by 180 days. Further, the relative
percent of myeorrhization was 2.5-fold, 3.6-fold, 2.5-fold and 2-fold higher n the treated

samples as compared to the untreated samples for days 60, 90, 120, and 180 respectively.
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{08427] This example demonstrates a substantial increase in roof biomass for seedlings treated
with a composition comprising a plurality of different microbes after only 180 days, with an
average of 54% increase in root weight, 52% increase 1 shoot height, and 65% i shoot waight.
Further this example demonstrates an improvement in root mycorrhization for treated samples as
compared to untreated samples without supplementation of any mycorrhizal microbes,
suggesting that the composttion comprising a plurality of different microbes of the type as

disclosed herein stunulate mycorrhizal microbes growth and root colonization.

Example 20: Increases in root biomass following treatment with a composition comprising
a plarality of different microbes as disclosed herein

{00428] This example demonstrates increased root biomass for turf after treatment with a
composition comprising a plurality of different microbes (generated as descubed in Example 1)
as compared to an untreated control.

[00429]  Twrf was treated with the composition comprising a plurality of different microbes.
Dry root biomass per 40 cubic centimeters of turf core was measured 10 days and 20 days post
treatment along with an antreated control by harvesting 40 cubic em of turf core, thoroughly
rinsing the soil from the roots, drving, and then weighing. At 10 days post treatment, dry root
biomass for the treated turf was 6.59 g as compared to 4.28 g for the untreated control, a 65%
merwase. At 20 davs post treatment, dry root biomass for the treat turf was 198.6 g as compared
{0 79.5 g for the untreated control, a 149% increase.

{08430  This example demonstrates a substantial, 65% increase after only 10 days and a 149%
tncrease afier only 20 days in root biomass for seedlings treated with a single application of a
composition comprising a plurality of different microbes of the type as disclosed herein

compared to untreated.

Example 21: Increases in grape guality following treatment with a composition comprising
a plurality of different microbes as disclosed herein

{04317 This exanaple demoustrates increases in crop quality following treatment with a
composttion comprising a phurality of different microbes {generated as described i Example 1)
as compared to an untreated control crop.

[00432]  Soil containing grape plants were treated with 100 g/acre of the composition
comprising a plurality of different microbes. 4 rows of grape plants were treated and four rows of
erape plants were mainiained as an untreated control. Total above ground plant wet biomass at
harvest was collected and the anthocyanin concentrations in the fruit were measured. Average

anthocvanin concentration i grapes from plants grown in the treated soil was 232 mg/l. as
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compared to 112 mg/L for grapes from plants grown in the untreated soil, an increase in
anthocvanin concentration of 107%.

[00433]  This example demonstrates increases n grape anthocyanin concentration by more
than 2-fold following only a single treatment with a composition comprising a plorality of
different nucrobes of the type as disclosed hercin as compared to an untreated control crop. It is
sencrally thought that anthocvanin concentration is an indicator of grape quality, thus, the single
treatment with a microbial consortium of the type disclosed heren vielded a crop of grapes with

higher quality than the untreated control.

Example 22: Increases in agricultural yield following treatment with a composition
comprising a plurality of different microbes as disclosed herein

{00434]  This example demonstrates increases in crop vield following treatment with the
composition comprising a plurality of different microbes as compared to an unireated control
crop.

{00435]  Thoee rows of soil planted with tomato sceds was freated with a composition
comprising a plurality of different microbes (Example 1), and three rows of soil planted with
tomato seeds was maintained as an untreated control. Total above ground fruit production was
measured at harvest for both the treated and vatreated groups. Tomato plant biomass for the 3
rows was 49.6 kg as compared to 27 8 kg for the untreated control, a 68.67% wcrease.
{00436]  This example demonstrates a substantial ncrease in crop yvield after only a single

treatment with the composition comprising a plurality of microbes.

Example 23: 168 rRNA sequencing

{00437]  This example demonstrates the nbotype diversity present in the 140 different microbe
stocks {sce Example 1}, available for preparation of a composiiion comprising a plurality of
different microbes.

{00438] Brefly, DNA extraction and 168 gene sequencing was carried out at the Arizona
Genomies Institute, University of Arizona. DNA was extracted using ZymoBIOMIC DNA Kt
{(Zymo Research Inc.} All PCR reactions were performed using the NEB (5 high-fidelity
polymerase kit (New England BioLabs Inc}. Each PCR was done in triplicate with 20 cveles.
The bacterial full-length 168 fRNA PCR primers included designated PacBio barcodes. PCR
products were punified with AMPure XP beads (BeckmanCoulter Inc.). The amplified DNA was
sequenced using the PacBio SMRT sequencing technology according to the standard
manufacturers” conditions. DNA concentration was determined by Qubit quantification using
Qubit 2.0 fluorometer and the high seositivity DNA reagents (Invitrogen). Samples were pooled

in eqaimolar concentration and gel purified using The Wizard® SV Gel and PCR Clean-Up
226~



10

[y
0

WO 2025/097154 PCT/US2024/054441

System (Promega}. The Iibrary size was confirmed on a Tape station (Agilent Technologics)
before sequencing. 168 gene data was quality checked and filtered and bacterial identities were
deteomined using the BARRNAP tool (https://gtthub. corn/tscemann/barmap). Phylogenetic
topography of the 168 sequences was determined asing the PhyML Maximum-Likelihood
approach {(https://ngphylogeny {1/}, The resulting Newick trec was imported into iTOL for
visualization and labelling of branches and leaves.
[08439] Figure 2 shows the topography of a Maximum-Likelihood phylogenetic tree
displaving 193 ribotype gene signatures representing the OSL probiotic culture collection. Ten
genera are prosented with Strepfonvees bacteria comprising the most diverse genus. In the
central portion of the radial tree, the most distant and common ancestor of all species is observed,
and it bears a close relation to Strepromyces. This genus evolved approximately 450 million
years ago, taking the form of branched filamentous organisms adapted for the utilization of plant
remams. The outermost leaf tips of the tree represent the 193 potential ribotypes availabie for
generating a composition comprising a plurality of different microbes. Starting from
Lysinibacilius and moving counterclockwise, the genera are (1) Lvsinibacillus, (2) Paenibacilius,
(3) dureimonas, (4} Bradyrhizobium, (5 Microvirga, (6) Pseudomonas, (1) Strepiomyces, {8)
Amyeolatopsis, {8y Rhodococeus, (10} Micrococcus, and (11} Strepiomvees. The species for each
left are, starting from Lysintbacillus and moving counterclockwise: 162 Lysinibacillus capsici
(SEQ ID NO: 1), 161 Lysinibacillus capsici (SEQ 1D NG: 23, 159 Lysinibacilius capsici {SEQ
1D NO: 3y, 150 Lysinibacillus capsici (SEQ ID NG 4), 155 Lysinibacillus capsici (SEQ 1D NO:
3y, 174 Lysimibacilius copsici (SEQ 1D NG: 6), 166 Lysinibacillus capsici (SEQG D NO: 73, 160
Lysinibacillus capsici (SEQ 1D NO: 8), 163 Lysinibacilius capsici (SEQ 1D NG: 9, 36
Paenibacillus cellulositrophicus A (SEQ ID NG: 10}, 39 Paenibacillus cellulositrophicus A
(SEQ ID NG 11), 62 Paenibaciflus cellulosivrophicus A (SEQ ID NO: 12), 41 Paenibacillus
celtulositrophicus A (SEQ B NO: 13), 67 Paenibaciilus cellulositrophicus A (SEQ ID NG 14),
49 Paenibaciilus cellulositrophicus A (SEQ 1D NO: 15), 65 Paenibacillus cellulositrophicus A
{(SEQ ID NO: 16), 206 Paenibacilius illinvisensis (SEQ WD NO: 17, 199 fureimonas A
sp001425485 (SEQ 1D NO: 18), 112 dureimonas A spl01425485 (SEQ D NO: 19}, 86
Aureimonas A sp001423485 (SEQ 1D NO: 20), 87 Aureimonas A spO01425485 (SEQ 1D NO:
21}, 209 Bradyrhizobivm elkanii (SEQ 1D NO: 22), 191 Bradyrhizobium elkanii (SEQ H NO;
23}, 136 Bradyrhizobium elkanii (SEQ 1D NO: 24), 182 Bradyrhizobium elkanii (SEQ D NO:
25}, 188 Bradyrhizebium elikanii (SEQ 1D NQ: 26), 145 Bradyrhizobium elkanii (SEQ 1D NO:
2Ty, 121 Bradyrhizobium ellanii (SEQ 1D NO: 28), 144 Bradyrhizobium elkanii (SEQ 1D NO:
293, Y15 Bradyrhizobivm elkanii (SEQ 1D NO: 30), 133 Bradvrhizobium denitrificans (SEQ 1D
NG: 31), 122 Bradyrhizobium denitrificans {(SEQ 1D NO: 32), 130 Bradyrhizobium denitrificans
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(SEQ 1D NO: 333, 193 Bradvrhizobium denttrificans (SEQ 1D NO: 34}, 97 Bradyriizobium
denitrificans (SEQ ID NQ: 33), 181 Bradvrhizobium denitrificans (SEQ 1D NO: 36), 186
Bradyrhizobium denitrificans (SEQ 1D NO: 37), 21 Microvirga sp OATH | (SEQ 1D NO: 38),
14 Psendomonas poae (SEQ 1D NO: 39), 30 Pseudomonas sp OATH 2 (SEQ 1D NG: 40), 33
Pseudomonas sp QATH 3 (S§EQ 1D NG: 41), 44 Pseudomonas sp QATHGE (SEQ 1D NO: 423, 76
Pseudomonas poce {(SEQ 1D NO: 43), 77 Pseudomonas sp OATH 16 (SEQ ID NOG: 44, 69
FPseudomonas sp OATH 14 (SEQ 1D NO: 45), 158 Pseudomonas azotoformans (SEQ 1D NO:
463, 180 Prendomonas azotoformans (SEQ 1D NO: 473, 167 Pseudomonas azotoformans (SEG
13 NO: 48), 136 Pseudomonas azotoformans {(SEQ 1D NQ: 49), 24 Pseudomonas azoioformans
(SEQ ID NG: 539}, 82 Pseudomonas fluorescens (SEQ 1D NG 51), 80 Pseudomonas fluorescens
(SEQ ID NG: 523, 42 Pseudomonas E spO028363515 (SEG 1D NO: 533}, 147 Pseudomonas sp
OATH 53 (SEQ 1D NO: 54}, 165 FPseudomonas sp OATH 56 (SEQ 1D NG 53), 200
FPseudomonas B sp03253735 (SEQ 1D NO: 36), 207 Psendomonas E sp003253735 (SEQ ID
NG: 537), 152 Pseudomonas straminea (SEQ 1D NG: 58}, 164 Psendomonas sp GATH 55 (SEQ
D NQG: 593, 32 Pseudomonas koreensis (SEQ 1D NG 60y, 70 Psewdomonas koveensis (SEQ 1D
NG: 61), 134 Pseudomonas sp QATH 45 (SEQ 1D NO: 62), 142 Pseudomonas sp OATH 51
(SEQ 1D NG: 63), 28 Pseudomonas koreensis (SEQ 1D NO: 64}, 61 Pseundomonas koreensis
(SEQ ID NG. 63), 71 Pseudomonas sp OATH 15 (SEQ 1D NO: 66}, 39 Psendomonas sp GATH
4 {SEQ ID NG: 67), 114 Strepromyees violaceorectus (SEQ 1D NG: 68), 110 Strepromyces sp
OATH 38 (SEQ ID NO: 69), 116 Strepromyces sp OATH 40 (SEQ ID NGO: 70), 123
Strepiomyces rochei {SEQ TD NG: 713, 113 Srrepronyces lobedae (SEQ ID NG: 72}, 189
Streptomyees rochei (SEQ H3 NQ: 733, 102 Strepromyees griseoincarnatus (SEG 1D NG: 743, 23
Streptomyees griseoincarnatus (SEQ 1D NO: 75), 202 Streptomyces griseoincarnatus (SEQ 1D
NG: 76), 75 Streptomyces griseoincarnarus (SEQ I3 NO: 77}, 74 Streptomyces griseoincaynatus
(SEQ ID NG 78), 73 Streptomvces nigra {(SEQ ID NG: 79), 48 Strepromyees sp GATH 8 (SEQ
1D NO: 80), 60 Strepromyces sp OATH 12 (SEQ 1D NOG: 81}, 90 Strepromyces sp OATH 22
(SEQ 1D NO: 82), 95 Streptomyces viridochromogenes (SEQ 1D NG: 83), 72 Srreptomyces
sp001509795 (SEQ 1D NO: 84}, 81 Sirepromyces flavoviridis (SEQ 1D NO: 853, 117
Streptomvees sp OATH 41 (SEQ 1D NO: 86}, 27 Strepromyces flavoviridis (SEQ ID NG: 87), 11
Streptoryees fimbriarus (SEQ 1D NG 88}, 16 Streptomyees rochei (SEQ 1D NG: 89), 19
Streptomyees rochei (SEQ TD NO: 90}, 125 Streptomyces rochei (SEQ 1D NG: 61), 127
Strepiomyces misionensis (SEQ ID NG 92), 129 Sirepromyces misionensis {SEQ 1D NO: 93),
128 Strepromyces misionensis {SEQ 1D NG: 94), 55 Streptomyces misionensis (SEQ 1D NO: 95},
37 Streptomyces misionensis (SEQ 1D NO: 963, 35 Strepiomyces misionensis (SEQ ID NG: 97),
131 Strepromyees misionensis {SEQ 1D NO: 983, 3 Sirepromyces misionensis (SEQ 1D NG: 993,
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36 Strepromyces misionensis (SEQ ID NG: 100}, 47 Streplomyces misionensis (SEQ IDNG:
101}, 184 Streptomyces griseoviridis A (SEQ ID NGO: 102}, 50 Strepronnvees griseoviridis A
(SEQ 1D NO: 103}, 66 Strepromyces griseoviridis A (SEQ 1D NO: 104), 2 Strepromyces
griseofuscus (SEQ 1D NG 103), 54 Strepromyces sp OATH 10 (SEQ ID NG: 106), 135
Streptomyces grisecfiscus (SEQ 1D NG 107}, 17 Streptomyces misionensis (SEQ 1D NG 108),
53 Srrepromyces misionensis (SEQ ID NO: 109), 149 Amycolatopsis lnrida (SEQ D NO: 110},
153 Amveolatopsis OATH 54 (SEQ 1D NO: 111), 194 dmyveolatopsis furida (SEQ IB NG: 112},
151 dmycolatopsis furida (SEG 1D NG: 113}, 168 Amycolatopsis lurida (SEQ TD NQO: 114), 154
Amyeolatopsis lurida (SEQ 1D NO: 115}, 187 Rhedococcus gingshengii (SEQ 1D NO: 116}, 146
Rhodococeus erythropolis (SEQ ID NG: 117), 32 Micrococcus luteus (SEQ ID NO: 118), 43
Micrococcus luteus (SEQ ID NO: 119), 126 Sireptomyces sp OATH 44 (SEQ ID NG 120}, 210
Streptomyces sp OATh 66 (SEQ 1D NO: 121}, 204 Streptomyces sp OATH 63 (SEQ 1D NO:
122), 143 Streptomyces sp OATH 32 (SEQ ID NG: 123), 5 Strepromyces sp OATH B (SEQ ID
NG: 124}, 170 Strepromyces sp OATH 57 (SEQ ID NO: 123}, 140 Sireptomyces sp OATH 49
(SEQ 1D NG: 126), 34 Strepiomyces sp OATH G (SEQ 1D NO: 127), 46 Streptomyces sp QATH
T (SEQ ID NO: 128), 40 Sirepromyces sp OATH 5 (SEQ ID NO: 129), 51 Srreptomyces sp
OATH 9 (SEQ ID NO: 1303, 68 Strepromyces sp QATH 13 (SEQ TDNO: 131), 137
Strepiomyces sp OATH 46 (SEQ 1D NO: 1323, 63 Strepromyces sp OATH 12 (SEQ IDN{O:
133), 45 Streptomyces {ydicus (SEQ YD NO: 134), 203 Strepromyces hydicus (SEQ 1D NO: 135),
78 Streproniyces lvdicus (SEQ 1D NO: 136), 79 Strepromyces sp OATH 17 SEQ ID NO: 137), 7
Streptomyces sp QATH D (SEQ 1D NO: 138), 141 Strepromyces sp QATH 50 (SEQ IDNO:
139}, 94 Strepiomyces sp OATH 26 (SEQ 1D NO: 140). 26 Sirepromyces griseoaurantiacus
(SEQ 1D NO: 141), 18 Strepromyces griseoauranticcus (SEQ 1D NG: 142), 208 Strepromyces sp
OATH 65 (SEQ ID NO: 143), 57 Srrepromyees sp OATH 27 (SEQ ID NO: 144), 197
Streptomyces sp OATH 61 (SEQ 1D NG: 1453, 173 Srrepiomyces sp AQTH 38 (SEQ 1D NO:
146), 4 Streptomyces sp QATH A (SEQ ID NO: 147}, 10 Sirepromyces sp OATH E (SEQ 1D
NO: 148}, 201 Strepromyees sp OATH 62 (SEQ I3 NQO: 149}, 85 Strepromyces sp OATH 20
(SEQ ID NO: 150), 99 Srrepiomyces sp OATH 30 (SEQ ID NO: 151), 96 Strepromyces QATH
28 (SEQ 1D NO: 1523, 203 Strepiomyces sp OATH 64 (SEQ 1D NO: 153}, 13 Srrepromyees sp
OATH F (SEQ 1D NO: 154), 89 Strepromyces sp OATH 22 (SEQ ID NO: 155), 132
Streptomyees sp OATH 44 (SEQ 1D NO: 1363, 124 Swreptomyces sp QATH 43 (SEQ 1D NO:
157, 179 Strepromyces sp OATH 59 (SEQ 1D NO: 158), 25 Strepromyces sp900105755 (SEQ
D NG: 159), 20 Sirepionyces spO00105755 (SEQ 1D NO: 160), 196 Srreptomyces sp900105755
(SEQ ID NO: 161), 58 Srrepromyces sp OATH 11 (SEQ 1D NO: 162), 84 Srreplomyces sp
OATH 19 (SEQ 1D NO: 163), 108 Sireptomyces sp OATH 36 (SEQ IDNO: 164), 138
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Streptomyees sp OATH 47 (SEQ 1D NQ: 163), 139 Strepromyces sp GATH 48 (SEQ ID NO:
166}, 6 Strepromyces sp OATH C(SEQ 1D NO: 167}, 22 Streptomyces antibioticus B (SEQ 1D
NGO 168), 185 Strepromyces antibioricus B (SEQ ID NG: 169}, 120 Strepromyces globosus (SEQ
I8 NGO 170}, 198 Sireptomyces globosus (SEQ 1D NO: 1713, 119 Srrepromyces globosus (SEQ
D NG: 172), 31 Smreptomyces globosus (SEQ 1D NO: 173), 1 Streptomyces globosus (SEQ 1D
NO: 174y, 183 Streptomyeces globosus (SEQ 1D NO: 175), 157 Strepromyces globosus (SEQ 1D
NG 176}, 176 Strepromyces globosus (SEQ IDNO: 177y, 178 Swreptomyces globosus (SEQ ID
WNG: 178), 175 Strepromyces globosus (SEGQ 1D NG: 179}, 177 Strepromyees globosus (SEQ 1D
NG 180}, 172 Strepromyces globosus (SEG D NG: 1813, 171 Strepiomyces globosus (SEQ 1D
NO: 182}, 169 Strepromyees globosus (SEQ ID NG: 183), 12 Strepromycees bikiniensis (SEQ 1D
NQO: 184), 101 Strepiomyees sp OGATH 32 (SEQ 1D NO: 185), 111 Strepromyees sp OATH 39
(SEQ ID NO: 186), 109 Srrepromyces sp OAT 37 (SEQ 1D NG: 187). 100 Swrepiomyces sp
OATH 31 (SEQ 1D NO: 188), 190 Strepromyces sp QATH 60 (SEQ ID NO: 189}, 1158
Streptomyees sp QATH 42 (SEQ ID NO: 190), 64 Strepiomvees cavonrensis {(SEQ ID NQO: 191),
15 Strepiomyees bacillaris (SEG 1D NG: 192}, 91 Streptomyces sp OATH 23 (SEQ ID NO:
193}, 29 Strepromyces bacillaris (SEQ TD NO: 194), 38 Streptomyces cavourensis {(SEQ 1D NO:
195}, 211 Strepromyces bacillaris (SEQ TD NO: 1963,

[00440]  Srrepromyces bacteria constitute the most abundant and potentially significant group
of soil Acrinobacieria, comprising 10% to 70% of the total bacterial populations i global soils.
Thev are widely recognized as ideal soil probiotics due to their positive impact on mutrient
availability in soil ecosvstems and plant health. Thew lifestyle is diverse, encompassing both
freeliving and saprophytic capabilities, as well as the ability to colonize plants. Strepromyces are
renowned for their exceptional genetic capacity to produce unique enzymes that catalvze the
biosynthesis of antimicrobial compounds, effectively preventing pathogen invasion in soil.
Additionally, they excel in the transformation of complex plant polymers such as cellulose,
lignin, chitin, and xylan, making them the primary agents responsible for recyeling macro and
pucronutrients. The byproducts generated during primary decomposition serve as substrates for
the growth and energy production of other microbes, inchuding fongt and bacteria, as well ag
plants that would otherwise struggle to access essential building blocks for growth. Furthermore,
the majority of Strepfomyces specics are non-pathogenic, ensuring their compatibility with
sustainable agricultural practices and their ability to make positive contributions to soil and plant
dynamics. No pathogenic species are included in the consortia as disclosed herein.

[00441] Consortia signatures of carbon sequestration: COs sequestration and fixation by

nuerobes is widespread in bacterial domains, including Aguificae, Actinobacteria, Chiorobi,

Chioroflexi, Firmicutes, Proteobacteria, and Thermodesulfobacteric phyla. Enzymes such as
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ribulose 1,3-bisphosphate carboxylase/oxygenase (RuBisCQO} and carbonic anhydrase (CA) are
extensively studied i these domains. Consortia as disclosed herein harbor bactena from three of
these phyvla, namely Actinobacteria, Firmicutes, and Proteobacteria, which utilize the non-
photosynthetic pathways. These pathways involve the CA enzvme that plays akev role in

5 hydrating CO» to bicarbonate. Critical to this process is also the release of the urcase cozyme,
which catalyzes the formation of urea, mamtaming the alkaline pH that promotes the
calcification process {the formation of stable calcinm carbonate). Of the currently ten identified
genecra all, except Paenibacilfus and Micrococcus harbor genes encoding CA enzymes and are
thercfore also highly likely involved in CO2 sequestration and a long-term solution of storing

10 carbon m soil.

[00442]  Consortia signatures of plant health promoting factors: Several specics of nitrogen

fixing bacteria are represented in the consortia as disclosed herein and belong to the
aenibaciilus, Bradyrhizobium, Lysinibacillus, Auerimonas, Micrococcus and Microvirga

genera. These bacteria offer several additional beneficial functions to the plant host.

[y
0

Paenibacilius, Pseudomonas, and Lysinibacilius bacieria have demonstrated their capacity to
directly enhance crop health by facilitating phosphate solubilization and releasing siderophores
that assist plants 1 acquiring essential metals like iron, magnesium, and manganese. Similar
enzymatic capactties exist for the hydrolysis of immobile potassium. Taken together, these
abilitics to dissolve otherwise inert phosphorus and potassivm soil complexcs, chelate critical
20 elements from soil, as well as fix nitrogen from the atmosphere, play an important role in
promoting plant health, root growth, and can reduce the need for additional N-P-K fertilizers.

{00443]  Sod structure and water conservation: Strepromyces bacteria {such as those within

consortia as disclosed heren) are renowned for their ability to produce filamentous hyphae, a
feature that significantly contnibutes to the formation of myeelial networks within the soil. These
25 hyphae intnicately intertwine with other soil particles, fungal hyphae, and plant roots,
establishing a complex and mterconnected network that plays a crucial role in stabilizing soil
structure, effectively preventing erosion, and bolstering overall soil stability. The networks also
offer other benefits such as enhancing soil porosity, which, i tum, facilitates improved water
infiltration and air exchange—factors critical for healthy root growth and nutrient avatlability
30 Furthermore, the presence of Strepfomyces hyphae (such as Strepromyces within consortia as
disclosed herein} creates microhabitats within the soil, providing refuge for various other
microbes, thereby promoting biodiversity and facilitating interactions among different soil
organisms.
[00444]  Soil bactena such as Strepromyces {such as those within consortia as disclosed heren}

35 significantly contribute to water conservation by promoting the formation of soil aggregates
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through the secretion of gel-like substances like Extracellolar Polymeric Substances (EPS). EPS
helps stabilize soil structure, preventing water loss through evaporation or flooding. In addition
to EPS role in soil structure, they directly shueld plant roots from desiceation, further
emphasizing their importance in preserving soil moisture. The gel-like EPS matrix not only
enthances plant root growth but also improves water infiftration, witimately assisting in
maintaining a balanced water table at a shallower depth.

[00445]  In conclusion, these findings underscore the substantial contributions of the beneficial
soil microbiome and highlights the beneficial function that can be provided by consortia as
disclosed herein. The application of consortia as disclosed herein presents groundbreaking
opportunities to advance soil carbon sequestration, boost crop production, enhance nutrient
content in crops, promote water conservation through improved soil structurs, reduce reliance on

chemical fertilizers, and ensure the long-term fertility and resilience of sails.

Example 24: Improved germination rates, root biomass, and shoot biomass from grass seed
coated with a composition comprising a plurality of different microbes as disclosed herein
[00446]  This example demonstrates improved germination rates, increased root biomass, and
increased shoot biomass for sceds coated with a composition comprising a plurality of different
microbes {generated as described in Example 1) compared to untreated seeds.

{00447 Brnefly, Fescue grass sceds were either coated with the composition comprising a
phirality of different microorganisms or untreated and placed onto steamv/heat stertlized nurf field
soil in flats, 6 flats per treatment group. The flats were 30 inches by 22 mches by 4.5 inches. The
seeds were grown under standard greenhouse conditions at 24 “C and were watered three times
per week for 21 davs. Germination rate and time was documented. Germination rate was
deternined as the nomber of genninated seeds per planted seed 10 days post seeding. Seedlings
were the destmctively harvested and evaluated for root and shoot biomass.

[00448] Data is shown 1n Table 23 and Figure 4 shows a companson of twf resulting from
treated (right} and untreated (left) seeds. The treated seeds shown higher germination rates, and
increased root and shoot biomass. Specifically, average fresh root biomass for sceds treated with
the composition comprising a plurality of different microbes was 11.96 g as compared 10 5.23 ¢
for untreated seeds, a 2.28-fold increase. Average fresh shoot biomass for seeds treated with the
composition comprising a plurality of different microbes was 16.32 g as compared to 7.27 g for
untreated seeds, a 2.24-fold merease. Further, genmination rate was increased by 9% m for

reated seeds.
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Treatment Average fresh root Average fresh shoot | Percent germination
biomass (g} biomass {g}

Untreated seeds 5.23 7.27 89%

Treated seeds 11.96 1632 98%

[00449]

This example demonstrates a substantial increase in both root biomass and shoot

biomass for seeds treated with a composition comprising a plurality of different microbes as

disclosed herein compared to untreated seeds, > ~2-fold ncrease. Further, coating seeds with a
composition comprising a plurality of different microbes as disclosed herein improved seed

germination rates.

Example 25: Increased root weight, shoot weight, and fruit weight following treatment with
a composition comprising a plurality of different microbes as disclosed herein

[00450]  This example demonstrates increased root weight, shoot weight, and fut weight (7.e.,
yield) after treatment with a composition comprising a plurality of different microbes {generated
as described 1 Example 1) as compared to an untreated control.

{00451] Tomatoes were grown under constant recycled hydroponic greenhouse conditions. 50
trellis trained Burpee Bigboy tomato plants grown under standard conditions were compared to
30 trellis trained Burpee Bigboy tomato plands treated with a single treatment of 1 tablespoon per
5 gallons root urigation of the composition comprising a plurality of differcot microbes. At the
end of the growing cycle all of the plants were destructively tested for the fotal root weight, total
shoot weight (not including fruit). and the total fruit weight of the fice tissue tomatoes. Resulis

are provided as an average per 30 plants.
g

Table 24: Measurements

Treatment Average total root Average total shoot Average total fruit
weight (g} weight (¢} weight {g}
Untreated 7214 802.2 2764 .9
Treated 1169.8 12683 3904.7
[00452]  Data 1s shown in Table 24, Plants treated with the composition comprising a plurality

of different microbes shown increased total root weight, increased total shoot weight, and

increased total fruit weight as compared to the untreated plants. Specifically, average total root

weight increased by |.62-fold, average total shoot weight increased by 1.58-fold, and average

total frnt weight increased by 1.4 1-fold for treated plants as compared to untreated plants.

[00453]

This example demonstrates a substantial increase in total root weight, total shoot

weight, and total fruit weight following just a single treatment with a composition comprising a
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plurality of different microbes as disclosed herein. This represents a surprising and unexpected

increase 1o yield by 41% with only a single treatrent of the composition.

Example 26: Improved yield and fruit quality of pineapple plants treated with a
composition comprising a plurality of different microbes as disclosed herein

[00454] This example demonstrates increased pimeapple vield and frnt quality for plants
following treatment with a composition comprising a plurality of different nucrobes (generated
as described in Example 1) as compared to untreated plants.

[00455]  Brefly, pincapple plants were treated with 369 g/ha/application of the composition
comprising a plurality of difforent microbes at days 14 and 29. Brix, acid %, pH, Vitamin €,
carotene, shell firmuess, porosity, translucency, blemish, and vield were measured.

{00456]  Treatrmuent with the composttion comprising a plurality of different microbes
increased Brix to 16.64 as compared to 15.90 for untreated plants {p-value = 0.001}. Likewise,
Vitamin C increased to 106.2 mg/6 fluid ounce as compared to 93 mg/6 fluid ounce for untreated
plants {(p-value < 0.001). Acid % (treated: 0.53, untreated 0.33, p-value = 0.81), pH (treated:
3.73, untreated 3.753, p-value = 0.48), and carotene (ireated: 3.7, untreated 5.9, p-value = $.42)
were similar between the two treatment groups. Shell firmness {(treated: 8.12, entreated 8 20, p-
value = 0.61), porosity {treated: 1.85, untreated 1.63, p-value = 0.045), and translucency (ireated:
2.38, untreated 2.20, p-value = 0.06) were also similar between the two treatment groups. While
porosity was significantly ligher for fruit harvested from treated plants as compared to untreated
plants, the average rating was lower than 2, which implies acceptable trace to moderate porosity
for both treatments.

{00457 Plants treated with the composttion comprising a plurality of different microbes
produced 747 more boxes of marketable idea 6-8 sizes of pineapples (6,303 total boxes as
compared to 5,356 total boxes) and 325 fewer non-marketable boxes (undersized fruits, 880 as
compared 1o 1,205 boxes). Further, plants treated with the composition comprising a plurality of
different microbes had 436 more fresh frait boxes (10,751 as compared to 10,295}, Plants treated
with the composition comprising a plurality of different microbes resulted in 6.3 ton/ha more
idea cannery sizes and 5.7 ton/ha more total tonnage than untreated plants. The average fruit
weight was similar between the two treatment groups.

[00458]  This example demonstrates increased pimeapple vield and fruit quality for plants
following treatment with a composition comprising a plurality of different microbes as compared

{0 untreated plants.

Example 27: Improved soybean vield from plants treated with a composition comprising a

plurality of different microbes as disclosed herein
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{08459]  This example demonstrates improved soybean vield from plants treated with a
composition comprising a plurality of different nuicrobes {generated as desernibed 1 Example 1)
compared to untreated plants.

[00460] Briefly 30 square meter plots of soybeans {(Glyveine Max} were planted with sovbean
sceds, a first having been treated with the composition comprising a plurality of different
nmuicrobes at 16 oz/acre and the second untreated. Standard fertilization, pesticides, and irrigation
protocols were used on both plots. Sovbean pods were harvested when foliage had tumed brown
and bean pods were ripe and dry. Weight of soybeans {i.e., yield) was measured in the first year
and in the second vear. In the first vear, treated plants produced 17.7 kg of sovbeans as compared
10 9.9 kg for the untreated plants, a 1.8-fold increase. In the second year, treated plants produced
21.9 kg of soybeans as compared to 13.7 kg for the untreated plants, a 1.6-fold increase.

[00461]  This example demonstrates a substantial increase i sovbean yield m the first and
second vears for plants treated with a composttion comprising a plurahty of differcnt microbes as

disclosed herein as compared to untreated plants.

Example 28: Improved bell pepper vield from plants treated with a composition
comprising a plurality of different microbes as disclosed herein

[00462]  This example demonstrates improved bell pepper yield from plants treated with a
composition comprising a plurality of different microbes {gencerated as described in Exaraple 1)
compared to untreated plants.

{08463] Buefly 200 67 pots containing steam stenlized ficld soil were planted with a single
bell pepper seed. Half of the pots were treated with 16 oz/acre of the composition comprising a
plurality of different microbes while the other half were untreated. Plants were grown under
controlled greenhouse conditions subject to routine trrigation, fertilization, and pesticide
application. Total fresh weight of fruit was measured for the 100 treated and untreated pots at
day 55, day 80, and day 110. At day 5335, treated plants produced 22.6 kg of bell peppers as
compared to 17 3 kg for the untreated plants, a 1.3-fold increase. At day 80, treated plants
produced 26.1 kg of bell peppers as compared to 16.9 kg for the untreated plands, a 1 53-fold
increase. At day 110, treated plants produced 25.0 kg of bell peppers as compared to 17.2 kg for
the untreated plants, a 1.5-fold merease. In total, over the 110 days, treated plants produced 73.7
kg of bell peppers while untreated plants produced 51.4 kg of bell peppers, equating to ~44%
more fouit by weight,

[00464] This example demonstrates a substantial mcrease 1o bell pepper vield in the first and
second vears for plants treated with a composition comprising a plurality of different microbes as

disclosed herein as compared to untreated plants.
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Example 29: Increased growth of trees treated with a composition comprising a phurality of
different microbes as disclosed herein
{00465]  This example demonstrates increased tree growth, for example tree ring growth and
diameter at breast height (dbh}, n trees following treatment with a composition comprising a
5 plurality of difforent microbes {gencrated as described in Example 1) compared to untreated
trees.
[00466]  Briefly, Aleppo pine (Pinns halepensis) trees were treated with the composition
comprising a plurality of different microbes ~3 times per vear, with cach subsequent treatment
applied approximately every 30 days. ~0.5 g of the composition comprising a plurality of
10 different microbes was mixed into 1 gallon of water and poured evenly around the base of'the
tree. Treated trees were treated in 2022
f004677  Tree ring growth was determined as follows. Core samples were taken using a coring
tool. One core per treated tree and two cores from a single untreated tree were collected. Cores

were approximately 12-16 inches in length. The core samples were glaed to wooden mounts with

[y
0

the cross-sectional surface facing upwards. Samples were polished to better view the carlywood
and latewood ring boundaries using a random orbital sander with progressively finer sandpaper
(400, 600, 500, and 1200 grit). An air compressor equipped with a high-pressure nozzle was then
used to remove remnant dast particles. The samples were then hand buffer and any remaining
dust and debris was removed with the air compressor. The samples were trmaged under the
20 mucroscope and sequential calendar vears were assigned to the rings of each sample, starting with
the outermost complete ring and moving mward to Ca. 3 vears (Stokes and Smiley, 1996). All
samples were then scanned individually into the computer at 2400 dpi using an Epson V600
scanner and the scamming program SilverFast 9. Using the dendrochronology software
CooRecorder 9.6 {(Maxwell and Larsson, 2021), the ring-width for each sample was measured to
25 the nears 0.001 mm starting with the known outermost year. Samples were assigned annoeal dates
based on careful atiention to tracheid anatonucal detail, Special care was taken to account for all
possible rings that could be nusinterpreted, and these were recorded n detail.
[00468] Al treated trees expenienced growth following treatment with the composition
comprising a plurality of different microbes (Table 25). There were variations in the amount of
30 growth between trees, but all treated trees showed substantial increases i secondary growth
(radial growth) n 2023 than m 2022 (2023 mean growth: 1.644 mm, 2022 mean growth: .381
mm, one tail P-value using a Two-sample t-Test assuming vnegual variances: 0.007). Treated
trees on average showed a 4.3-fold imncrease i mean growth from 2023 1o 2022, The unircated
tree did not show an inerease fm growth rate in the same time period. The mean growth 1 2023
35 was fess than in 2022 (2023 mean growth: 0.828 mum, 2022 mean growth: 1.088 mm). These
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results demonstrate a substantial difference in ring mean growth between treated and untreated

trees.
Table 25: Tree-ring measurements
Anmual rec-ring measurements {mm}

2020 2021 2022 2023
Treated #1 0.545 1.034 $.278 2 .0%0
Treated #2 0.341 0.403 0117 (.826
Treated #3 0.665 {461 0.594 2.987
Treated 44 0277 0.497 0.470 1224
Treated #5 - - 0.446 2.817
Treated #6 0.234 0.670 0.657 1.266
Treated #7 0.130 0.128 $.106 (.297
Untreated #1a 0.171 1698 1.493 1.103
Untreated #1b 0.114 0.880 0.683 3.552

- Data not available.

[08469]  Tree dbh was calculated by measuring the width of a tree at a height of approximately
4 feet. Average dbh for trees treated with the composition comprising a plurality of different
microbes was ~71 cm as compared to 43.5 cm for the untreated tree (Table 26}, These resulis
show a substantial 1.62-fold increase m average tree diameter for treated trees as compared to

untreated trees.

Table 26: Tree diameter measurements

Diameier at breast height (dbh) [om]
Treated #1 50
Treated #2 9%
Treated #3 65
Treated #4 33
Treated #5 74
Treated #6 72
Treated #7 62
Untreated #1 435

[00470]  This example demonstrates that trees treated with a composition comprising a
plarality of different microbes as disclosed herein demonstrate substantial increases in annoal
tree growth {(~4 3-fold} and diaraeter at breast height (~1.62-fold). This is a pioncering example
ot sotl amendment that improves anmual tree growth. Thus, the compositions comprising a
plurality of different microbes as disclosed herein show utility in a number of applications, for
example those of reforestation where increased annual growth rates would greatly aid in

reforestation efforts.
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Example 30: Improved oil content, soil beneficial microbes, and plant biomass hemp
{reated with a composition comprising a plurality of different microbes as disclosed herein
{00471]  This example demonstrates tmproved growth and plant propertics of hemp treated
with a composition comprising a plurality of different nicrobes (generated as described in
Example 1) as compared to untreated plants. Specifically, this example demonstrates reduction of
THC content dug to cultivar genctic expression enhancement and mereased m CBD ot content in
treated plants as compared to untreated plants,

{004721 Brefly, 1,000 2-month old potted CHERRY CROSS clones (bred for low THC and
high CBDY) were planted on a 10 acre tract of sandy loam soil. All plants were drip irrigated and
treated with standard fertilization with 140 tbhs/acre Nitrogen, 70 tbs/acre Potassium, and 43
Tos/acre Phosphorous. Fertilizer determinations were made via NCDA soil analvsis. Half of the
plants (500) were treated with the composition comprising a plurality of different microbes. The
season was very challenging regarding insects {(aphids and spider mites), which were treated with
pyrethrin, neem oil, and chromobacterium spravs on a regular basis. After 3 months, the plants
were harvested, flowering heads stripped, and dried at ambient temperature with vigorous air
flow. Samples of these plants were sent to Botanacor Services for oil extraction, which is
Certified by the State of Colorado for official Cannabis analysis. Leaf nutrient content analysis,
plant biomass, and total oil production was analyzed.

[008473]  Total cannabinoid content in treated plants substantially higher than in untreated
plants, 15.1% as compared to 8.8% respectively, a 1.71-fold mmcrease. (il content analysis is
shown mn Table 27. Specifically, THC was undetectable in treated plants as compared to
untreated plants. CBDa and CBD increased by 1.82-fold and 1.46-fold respectively for treated
plants as compared to untreated plants. Interestingly, more than 50% of the untreated plants
tested above legal hmits for THC, classifving them as marijuana, while less than 4% of the
treated plants had a total THC content over $.03% with the remaining 96% of treated plants

below the legal limits.

Table 27: Gl content analysis

Mean average g/l
THCa THC CBDa CBD CBN CBG
Treated 0.313 0 13.093 1.676 0 G
Untreate 0.397 0.075 7.181 1.146 0 0

{08474]  Scven days post-treatment, beneficial microbes were quantified as described above.
Beneficial microbes were present at an average of 33,100 beneficial microbes per gram of
untreated soil as compared to an average of 52,500,000,000 beneficial mucrobes per gram of

treated soil.
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{00478]  After drving, plant biomass was recorded for 100 treated and 100 untreated plants.
There was a substaniial 1.47-fold increase in plant biomass for treated plants as compared to
untreated plants (mean treated: 2851 g, mean untreated: 1934 g, one tall P-valuc using a Two-
sample t-Test assoming suequal variances: 5E-51). The data ts also visually represented as a box
and whiskers chart in Figure 5.

{00476]  Petiole samples were taken from hemp plants and processed by the North Carolina
Department of Agriculture. The results are shown in Table 28, There was a 1.38~fold, 1.58-fold,
1.64-fold, 2.1-fold, 2.3-fold, and 1.7-fold increase in total leaf Nitrogen, Potassiwn, Phosphorus,

Magnesium, Calcium, and Sulfur for treated plants compared to untreated plants respectively.

Table 28 Nutrient analysis

Total Leaf Nutrients {%o}
Mitrogen Potassiurm Phosphonus Magnesiam Calcium | Sulfur
Treated 2.45 1.77 $.46 3.59 0.98 (.53
Untreated 1.77 112 (.28 (.28 .42 (.31

[004777  This example demonstrates a dramatic improvement in oil content, soil beneficial
nucrobes, and plant biomass following treatment with a composition comprsiog a plurality of
different microbes as disclosed herein. In gencral flowing heads (containing oil bearing
trichomes} were larger and more robust, the o1l content per gram of flower was consistently

higher in treated plants. and CDB vield is double that of non-treated cannabis plants.

Example 31: Increased hemp plant properties following treatment with a composition
comprising a plurality of different microbes as disclosed herein

[00478] This example demonstrates increase overall health and vitality of plants root, shoot,
and flower tissues, increased number of leaf bearing trichomes, increased number and weight of
flower tissues, and double-tripie (DB, CDB-A, UBG, and CBG-A cannabinoid and aromatic
terpene content 1 hemp plants treated with a composition comprising a plurality of different
microbes {generated as described in Example 1) as compared to unireated plants.

{00479]  Brefly. hemp cultivar T1 was grown with or without treatment with the composition
comprising a plurakity of different mucrobes. Plants were harvested and analyzed followng, 1, 2,
and 3 treatments and compared to untreated plants. The plants were grown using standard
agronomic practices in a challenging environment with temperatures exceeding 40 "C with
periods of both drought and high ramfall in addition to high insect and pathogen populations.
[00480]  Plant height for untreated plants averaged 34.3 em, for Ix treated plants averaged 71.4

cm, for 2x treated plants averaged 99.8 cm, and for 3x treated plant averaged 137.7 em. Ix
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treated plants were 108% taller on average, 2x treated plants were 191% taller on average, and 3x
treated plants on average were 301% taller than the undreated plants.

[00481]  Stem diameter at the root collar for untreated plants averaged 7.1 num, for Ix treated
plants averaged 13.6 mm, for 2« treated plants averaged 14.2 mm, and for 3x treated plants
averaged 17.3 mm. Ix treated plants had a 91% wider root collar diameter onn average, 2x treated
plants had a 100% wider root collar diamcter on average, and 3x treated plants had a 144% wider
root collar diameter on average than the untreated plants,

{08482] Root weight for untreated plants averaged 492 g, for Ix treated plants averaged 689 g,
for Zx treated plants averaged 1001 ¢, and for 3x treated plants averaged 1097 g. Ix treated
plants had 40% higher root weight on average, 2x treated plants had 103% higher root weight on

~
2

average, and 3x treated plants had 123% higher root weight on average than untreated plants.
[00483]  Fine root weight for untreated plants averaged 188 g, for Ix treated plants averaged
301 g, for 2xtreated plants averaged 329 g, and for 3x treated plants averaged 718 g, ix treated
plants had 60% higher fine root weight on average, 2x treated plants had181% higher fine root
weight on average, and 3x treated plants had 282% higher fine root weight than untreated plants.
{00484] Tt will be approciated that fine root weight is an indication of available surface area
for production of one or more substances {¢.g., root exudates) that hold carbon or are precursors
to such substances. Thus, the surprisingly large increase in fine root weight indicates a greatly
increased carbon deposition in and around the plants.

[00485]  Fresh shoot weight for untreated plants averaged 793 g, for Ix treated plants averaged
1201 g, for 2x treated plants averaged 1442 g, and for 3x treated plants averaged 1893 ¢ Ix
treated plants had 51% higher fresh shoot weight on average, 2x treated plants had 82% higher
fresh shoot weight on average, and 3x treated plants had 139% higher fresh shoot weight on
average than untreated plants.

[00486]  Average total fresh flower werght for untreated plants averaged 362 g, for 1x treated
plants averaged 697 g, for 2x treated plants averaged 864 g, and for 3x treated plants averaged
930 2. Ixtreated plants had 92% higher fresh flower weight on average, 2x treated plants bad
139% higher fresh flower weight on average, and 3x treated plants had 157% higher fresh flower
weight on average than untreated plants,

{00487 The average number of flowering heads per plant for untreated plants averaged 4.6 g,
for Ixtreated plants averaged 13.9 g, for 2x treated plants averaged 15.2 g, and for 3x treated
plants averaged 17.4 g. Ix treated plants had 202% more flowering heads, 2x treated plants had
230% more flowering heads, and 3x treated plants bad 278% more flowering heads than

unireated plants.
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[00483]

plants averaged 48.6 g, for 2x treated plants averaged 67 .4 g, for 3x treated plaots averaged 91.7

Flowering head weight per plant for untreated plants averaged 13.4 g, for Ix treated

¢. Ix treated plants bad 263% higher flowering head weight, 2x treated plants had 403% hagher

i

oo
[

flowertng head weight, and 3x treated plants had 584% higher flowering head weight than

5 untreated plants.
100489]

Terminal eaf trichomes per square centimeter {cm) on the leaf surface for untreated

plants averaged 13.2 per square om, for Ix treated plants averaged 37.7 per square om, for 2x

treated plants averaged 59.0 per square cm, and for 3x treated plants averaged 71.0 per square

cnt. 1x treated plants had 183.6% more trichomes per square om, 2x treated plants had 347%
p per 8q P

0 more tnichomes per square om, and 3x treated plant had 438% more trichomes per square cm

than antreated plants.
[00490]

2

averaged 31.2,57.3, an

Average shoot growth at 30, 60 and 90 days post-treatment for untreated plants

d 99 3 cm respectively. For Ix treated plants, average shoot growth at 30,

60, and 90 days post-treatment averaged 58.7, 77.9, and 132.7 om respectively. For 2x treated

0

plants, average shoot growth at 60 and 90 days post-treatment averaged 84 .2 and 132 .7 em

respectivelv, For 3x treated plants, average shoot growth at 90 days post-treatment averaged

161.0 cm. At harvest, average shoot growth for untreated plants averaged 103.9 om, for Ix

treated plants averaged 156.7 om, for 2« treated plants averaged 181.9 om, and for 3x treated

plants averaged 1982 cm. Porcentage increases compared to unéreated are shown in Table 29,

0 Table 29: % mcrease n ave. shoot growth of treated plants compared to untreated plants

Increase conmpared {o unireated {%6]

ix treated

2x treated

3x {reated

30 days

38.14

60 days

35.95

46.94

90 days

oy
[N}

1.58

i31.38

Harvest

Py
)

~4

(943
t

76

75.07

90.76

[00491]

Terpene analysis was conducted by Avazyme for untreated plants and harvested 3x

treated plants. The data is shown in Table 30. Total terpencs increased by 2-fold in 3x treated

plants as compared to 1x treated plants. Alpha pinene levels were 859 higher on average,

Mycene levels were 204% higher on average, Limonene levels were 18% higher on average,

Beta caryphylene levels were 102% higher on average, and Alpha humulene fevels were 228%

higher on average for the 3x treated plants than the untreated plants.

Table 30: Terpene analysis

Untreated

3x freated

Alpha pinene

0.4

6.737
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Myrcene 1.383 3.821
Limonene 1.53 1.814
Beta caryphviene 4967 10,052
Alpha humulene 0.545 1.789
Total Terpenes 9.027 18.213

[004927 Cannabinoid analysis was simultancously conducted by Avazyme for untreated plants
and for 3x treated plants. The data is shown in Table 31, Total CBD increased by 94% and total
UBG increased by 196% for 3x treated plants as compared to untreated plants. CBD levels
increased 193% on average, CBD-A lovels increased 78% on average, and CDG-A levels

increased 119% on average for 3x treated plants as compared to control plants.

Table 31: Cannabinoid analysis

Unttreated Treated
{BD 476 13.95
CBG .00 178
CBD-A 4179 74.38
CBG-A 2.61 571
Total CBD (CBD+CBD-A¥0.877) 4141 7918
Total CBG (CBGHCBG-A*0.877) 2.29 579

[00493]  Treatments with the composition comprising a plurality of different microbes as
disclosed herein doubled the terpene content, tripled total CBD concentration, and significantly
enhanced the growth, development, and final vield/oil concentrations. Treated plants
demoustrated highly statistically significant ditferences n all categories of collected data and
illustrated that soil additives such as those disclosed herein substantially impact the phenology,

growth, yield, and guality of mdustrial hemp grown for cannabinoid and terpene extraction

Example 32: Conversion from mixed strain stocks to single strain stocks

{08494]  This example demonstrates the production of single strain isolates from mixed strain
isolates.

[00495]  The onginal 140 stocks (ATCC deposit #s PTA-127367 through PTA-127413 as
shown in Table 2 and Qath-maintained deposits 8-46 through (0-140}) were sequenced asing
PacBio full length 168 RNA gene sequencing. Once the results were ready 165 sequences were
wdentified using GenBank’s data base and sequence homology scarches. 99% sequence identity
was used as the threshold value to add a species name to each 168 gene. The cutcome of this
analyses showed that multiple of the oniginal 140 stocks comprised more than one microbial

species.
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{08496] A new set of intemal stocks was developed comprising single microbial isolates.

Literature and conventional mucrobinlogy knowledge were used to select correct phenotypes for

0

further sequencing evaluation. ¥ there were any unknown phenotypes they were also sent for

168 sequencing. The effort resulted in the production of the isolates shown in Table 32.

[00497)

Table 32 shows the updated isolate (ID# and taxonomic prediction) information as

well as its corresponding designation from Table 1 (Stram # and Genus/Species). The matches

are represented with BLAST compansons of the 168 fRNA sequences. BLAST values (%

identity and alignment length) are shown under the alignment info.

(00498

Isolated bacterial colonies were subjocted to DNA extraction and full genome

sequencing using an [unmina platform. Genomes were assembled using a de Brninjn graph

assembler. 16S RNA genes were extracted from genomes by using sequence alignments of

reference 165 genes obtained from a database. 1685 genes from target genomes were extracted

and searched i GenBank for its closest species match using the The Basic Local Aligonment

Search Tool Blastn. Species names from Blastn searches were added to 168 sequences that

showed >98% positive ID in output alignment. The highest percentage positive ID match was

chosen as the species designation. For 168 genes that had no full species name matches: these

were abbreviated as “sp. DATH 17 ete. For example: Strepfomyces sp. OATH |, Strepromyces

sp. GATH 2 etc.

Table 32: isolate correlation matrix

Updated isolate Designation from Table 1 Alignmant info.
Strain % Allgnment
iD#¥ | BestTaxa # Genus/Species identily fength

QATH | Streptomyces 1 Streptomyeces 100 1448
00011 | foxyiricin globosus
QATH | Streptomyees [¢] Streptomyces 100 1448
00021 | echinatu sp. OATH C
OATH | Sireptomyces 10 Streptomyces 100 1448
00031 | senniconiposti sp. OATH E
OATH | Streptomyces 12 Streptomyces 100 1448
00041 | bikinignsis bLikinignsis
OATH | Streptomyces 18 Streptomyces 100 1448
00051 | rochsi rochs]
OATH | Streptomyces 16 Streptomyces 100 1448
00052 | rochei rochel
QATH | Streptomyvees 18 Streptomyces 100 1448
00053 | rochei rochei
OATH | Streptomyces 10 Streptomyces 99.033 1448
00071 | sennicomposti sp. OATH E
OATH | Streptomyces 10 Streptomyces 99.033 1445
00072 | sennicomposti sp. OATH £
OATH | Streptomyces 11 Streptomyces 100 1453
00081 | rochsi fimbriatus
OATH | Streptomyces 12 Streptomyces 100 1448
(00081 | hildniensis bikiniensis
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Updated isolate

Designation from Table 1

Alignmaent info.

Strain % Alignment

iD# BestTaxa # Genus/Species identity length
OATH | Streptomyces 186 | Streptomyces 100 1218
00101 | sennicomposti spRO0105785
QATH | Pseudomaonas £ 187 | Strepiomyces 100 623
00102 | paracamis sp. OATH 61
OATH | Pseudomonas £ 10 Streptomyces 100 878
00102 | paracaris sp. OATH E
OATH | Streptomyces 24 Pseudomonas 100 1459
00103 | sennicomposti azoteformans
OATH | Microbacterium a9 Streptomyces 93.814 1455
00143 | oxydans sp. OATH 20
OATH | Streptomyces 23 Streptomyces 100 1450
00144 | grisesincarnatus griseoincarnatus
QATH | Streptomyces 17 Streptomyces 100 1447
00223 | misionensis misicnensis
OATH | Microbacterium 99 Streptomyces 92.985 1458
00224 | paraoxydans sp. OATH 30
OATH | Streptomyces 4 Streptomyces 100 1448
00241 | sennicomposti sp. OATH A
OATH | Streptomyces a7 Streptomyces 100 912
00242 | sennicomposti sp. OATH 27
OATH | Streptontyces &7 Streptomyces 100 912
00243 | ssennicomposti sp. DATH 27
OATH | Streptomyces 3 Streptomyces 100 1447
00252 | misionensis misicnensis
QATH | Streptomyces 3 Streptomyces 100 1447
00253 | misionensis misionensis
QATH | Streptomyces 2 Streptomyces 100 1447
00261 | murinus grissofuscus
OATH | Streptomyces 2 Streptomyces 100 1447
00262 | murinus grissofuscus
OATH | Streptomyces 2 Streptomyces 100 1447
002683 | murinus griseofuscus
OATH | Streptomyces 2 Streptomyces 100 1447
00284 | murinus griseofuscus
QATH | Streptomyces 18 Streptomyces 100 1448
30281 | grisecauraniiscus griseoaurantiacus
OATH | Streptomyces 18 Streptomyces 100 14485
00282 | griseoaurantiacus grissoaurantiacus
OATH | Streptomyces 10 streptomyces 100 1217
00301 | sennicomposti sp. OATH £
OATH | Streptomyces 15 Streptomyces 100 1450
00312 | hacillar bacillaris
OATH | Strepfomyces 15 Streptomyces 100 1450
(00313 | bacillar bacillaris
QATH | Strepfomyces 5] Streptomyeces 100 1448
30321 | griseoincarnatus sp. OATH C
QATH | Streptomycees [§] Streptomyces 100 1448
00322 | echinatus sp. QATH C
OATH | Streptomyces & Streptomyces 100 1448
00323 | echinatus sp, OATH C
OATH | Streptomyces 3 Streptomyces 100 1447
00331 | misionensis misionensis
OATH | Microbactarivim ag Streptomyces 92.378 1456
00342 | resistens sp. ODATH 30
OATH | Streptomyces 68 Streptomyces 100 1275
00343 | achromogenss sp. OATH 13
QATH | Streptomyees 11 Streptomyces 100 1453
00351 | ofivaceus fimbriatus
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Updated isolate Designation from Table 1 Alignmaent info.
Strain % Alignment
iD# BestTaxa # Genus/Species identity length

OATH | Streptomyces 11 Streptomyces 100 1453
30352 | ofivaceus fimbriatus
QATH | Streptomyvees 174 | Lysinibacifius 093.859 410
00352 | ofivaceus capsict
OQATH | Sireptomyces 11 Streptomyces 100 1453
00353 | rochei fimbriatus
OATH | Streptomyces 22 Streptomyces 100 1448
00354 | anfibioticus antibicticus B
OATH | Streptomyces 22 Streptomyces 100 1448
00371 | antibioticus aniibicticus B
OATH | Streptomyces 22 Streptomyces 100 1448
(00372 | antibioticus antibicticus B
QATH | Streptomyces 5 Streptomyces 100 1449
00373 | antibioticus sp. OATH B
QATH | Sireptomyces 22 Streptomyces 100 1448
00374 | antibioticus antibioticus B
OATH | Streptomyces 22 Streptomyces 100 1448
00375 | antibioticus antibioticus B
OATH | Streptomyces 22 Streptomyces 100 1448
00378 | antibioticus antibioticus B
OATH | Streptontyces 186 | Streptomyces 89,607 1218
00381 | sennicomposti spR0C105755
OATH | Streptomyces 3 Streptomyces 100 1447
00382 | misionensis misicnensis
QATH | Streptomyces 10 Streptomyces 99.517 1448
00383 | senniconiposti sp. OATH E
OATH | Streptomyces 10 Streptomyces 99.1062 1448
00384 | sennicomposti sp, OATH E
OATH | Streptomyces B84 Streptomyces 100 1278
00392 | bacillar CRYOUrensis
OATH | Streptomyces 10 Streptomyces 95.033 1448
00402 | sennicomposti sp. DATH E
OATH | Streptomyces 10 Streptomyces 100 1247
00403 | sennicomposti sp. OATH £
QATH | Streptomyces 10 Streptomyces 90.033 1448
30404 | sennicomposii sp. OATH E
OATH | Streptomyces 128 | Streptomyces 100 688
G0412 | griseoincarnatus misionensis
OATH | Streptomyces 135 streptomyces 100 432
00412 | giisecincarnatus sp. OATH 48
OATH | Streptomyces 170 | Streptomyces 100 832
00412 | griseoincarnatus sp.CATH 57
OATH | Strepfomyces 3 Streptomyces 100 1447
00413 | misionensis misionensis
QATH | Strepfomyces 3 Streptomyeces 100 1447
30421 | misionensis misionensis
QATH | Streptomycees 3 Streptomyces 100 1447
G0422 | misionensis misionensis
OATH | Streptomyces 3 Streptomyces 100 1447
00423 | misionensis misichensis
OATH | Streptomyces 3 Streptomyces 100 1447
00424 | misionensis misionensis
OATH | Strepfomyces 3 Streptomyces 100 1447
00425 | misionensis misionensis
OATH | Streptomyces 10 Streptomyces 100 1247
00442 | sshnicomposti sp. OATH £
QATH | Streptomyees 10 Streptomyces 100 831
00443 | sennicomposti sp. OATH E
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Updated isolate Designation from Table 1 Alignmaent info.
Strain % Alignment

iD# BestTaxa # Genus/Species identity length
OATH | Streptomyces 187 | Streptomyces 100 52
00443 | sennicomposti sp. DATH 61
QATH | Microbacterium 99 Streptomyces 093.814 1455
00483 | paraoxydans sp. OATH 30
OQATH | Sireptomyces 3 Streptomyces 100 1447
00491 | misionensis misichensis
OATH | Streptomyces 3 Streptomyces 100 1447
00492 | misionensis misicnensis
OATH | Microbacterium a9 Streptomyces 93.814 1455
00463 | sp002979655 sp. OATH 20
OATH | Streptomyces 8 Streptomyces 100 1448
00521 | musisoli sp. DATH C
QATH | Streptomyces 8 Streptomyces 100 1448
00522 | echinatus sp. OATH C
QATH | Sireptomyces 2 Streptomyces 100 1447
00562 | murinus griseofuscus
OATH | Streptomyces 2 Streptomyces 100 1447
00563 | muinus grissofuscus
OATH | Streptomyces 2 Streptomyces 100 1447
00564 | murinus grisgofuscus
OATH | Streptontyces 3 Streptomyces 100 1447
00571 | misionensis misionensis
OATH | Streptomyces 10 Streptomyces 100 1247
00581 | sennicomposti sp. OATH £
QATH | Streptomyces 10 Streptomyces 99.033 1448
00581 | senniconiposti sp. QATH E
QATH | Streptomyces 196 | Streptomyces 100 1218
00582 | sennicomposti sp900108758
OATH | Streptomyces 10 Streptomyces 99.448 1448
00593 | sennicomposti sp. OATH £
OATH | Streptomyces 5 Streptomyces 100 1449
00801 | achiromogenes sp. OATH B
OATH | Streptomyces 10 Streptomyces 100 1448
00641 | sennicomposti sp. OATH £
QATH | Streptomyces 3 Streptomyces 100 1447
30851 | misionensis misionensis
OATH | Streptomyces 174 | Lysinibaciius 87.705 488
C08C1 | chartreusis capsici
OATH | Streptomyces & streptomyces 100 1448
00661 | chaitreusis sp. OATH C
OATH | Streptomyces a8 Streptomyces 100 1448
00862 | musisoli sp. OATH ©
OATH | Strepfomyces 8 Streptomyces 100 1448
(30863 | eclinatus sp. DATH C
QATH | Strepfomyces 5] Streptomyeces 100 1448
30881 | musisoli sp. QATH C
QATH | Streptomycees 10 Streptomyces 99.507 1218
006881 | sennicomposti sp. QATH £
OATH | Streptomyces 183 | Pseudomonas 87.013 452
00892 | sennicomposti azotoformans
OATH | Streptomyces 10 Streptomyces 99.033 1448
00892 | sennicomposti sp. DATH £
OATH | Strepfomyces 5 Streptomyces 100 1449
00701 | achromogenes sp. ODATH B
OATH | Streptomyces 5 Streptomyces 100 1449
30702 | achromogenes sp. OATH B
QATH | Streptomyees 10 Streptomyces 99.033 1448
00711 | sennicomposti sp. OATH E

-246-




WO 2025/097154

PCT/US2024/054441

Updated isolate Designation from Table 1 Alignmaent info.
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OATH | Streptomyces 3 Streptomyces 100 1447
00741 | misionensis misionensis
QATH | Streptomyvees 3 Streptomyces 100 1447
00742 | misionensis misicnensis
OQATH | Sireptomyces 3 Streptomyces 100 1447
00743 | misionensis misichensis
OATH | Streptomyces 10 Streptomyces 99.448 1448
00753 | sennicomposti sp. OATH &
OATH | Streptomyces 18 Streptomyces 100 1448
00762 | rochsi rochsi
OATH | Streptomyces 1 Streptomyces 100 1448
00801 | globosus globosus
QATH | Streptomyces 1 Streptomyces 100 1448
00802 | giobosus gloposus
OQATH | Paenibaciiius 59 Paenibaciiius 100 1268
00811 | callulositrophicus cefiuiositrophicus A
OATH | Streptomyces 2 Streptomyces 100 1447
00823 | muiinus grissofuscus
OATH | Streptomyces a8 Streptomyces 100 1448
00851 | echinatus sp. OATH ©
OATH | Streptontyces 10 Streptomyces 99.931 1448
00871 | sennicomposti sp. OATH £
OATH | Streptomyces 2 Streptomyces 100 1447
00881 | murinus griseofuscus
QATH | Streptomyces 3 Streptomyces 100 1447
00881 | misionensis misionensis
OATH | Lysinibacifius 128 | Sitreptomyces 96.243 568
00892 | sphaericus misionensis
OATH | Lysinibacilius 182 | Lysinibacillus 98.711 1474
00892 | sphaericus capsici
OATH | Lysinibaciflius 170 | Streptomyces 95.685 634
00892 | sphasricus sp.OATH 57
OATH | Streptomyces 4 Streptomyces 100 1448
00901 | sennicomposti sp. DATH A
QATH | Streptomyces 45 Streptomyces 100 1451
30912 | globosus iydicus
QATH | Streptomyces 174 | Lysinibaciius 81.481 108
00912 | giobosus capsici
OATH | Streptomyces 1 streptomyces 100 1448
00813 | nigrescens globosus
OATH | Streptomyces 23 Streptomyces 100 1450
00921 | griseoincarnatus qriseoincarnatus
OATH | Rhodacoceus 14€ Rhodoceoccus 100 1440
00923 | envthropolis ervthropolis
QATH | Strepfomyces 3 Streptomyeces 100 1447
30981 | misionensis misionensis
QATH | Streptomycees 5 Streptomyces 100 1449
01002 | misionensis sp. QATH B
OATH | Lysinibacifius 174 | Lysinibacilius 100 1278
1003 | capsic/ capsici
OATH | Streptomyces & Streptomyces 100 14493
01021 | achromogenes sp. DATH B
OATH | Strepfomyces 5 Streptomyces 100 1449
01022 | achromogenes sp. ODATH B
OATH | Streptomyces 5 Streptomyces 100 1449
31071 | achromogenss sp. OATH B
QATH | Streptomyees 1 Streptomyces 100 1448
31081 | foxytricin gloposus
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OATH | Streptomyces 8 Streptomyces 100 1448
01101 | musisoii sp. OATH C
QATH | Streptomyvees 8 Streptomyces 100 1448
01102 | musisoli sp. OATH C
OATH | Pseudomonas £ 156 Pseudomonas 100 1459
01112 | paracamis azotoformans
OATH | Streptomyces 5 Streptomyces 100 1449
01121 | eurythermus sp. OATH B
OATH | Streptomyces 50 Streptomyces 100 1447
01141 | griseoviridis griseoviridis A
OATH | Streptomyces 66 Streptomyces 100 1447
01142 | griseoviridis griseoviridis A
QATH | Stenotrophomonas 187 | Streptomyces 100 480
01181 | geniculata sp. QATH 61
OQATH | Stenotrophomonas 170 Streptomyces 100 742
01181 | geniculata sp.QATH 57
OATH | Stenotrophomonas 211 Streptomyces 100 20
01181 | geniculata bacillaris
OATH | Stenotrophiomonas 183 | Streptomyces 80.769 104
01181 | geniculala globosus
OATH | Stenotrophiomonas 183 | Bradyrhizobium 78.408 &8
01181 | genicuiata denftrificans
OATH | Streptomyces 10 Streptomyces 100 1247
01182 | senhnicomposti sp. OATH £
QATH | Streptomyces 10 Streptomyces 100 1247
01183 | senniconiposti sp. OATH E
OATH | Streptomyces 10 Streptomyces 99.033 1448
01201 | sennicomposti sp, OATH E
OATH | Streptomyces 3 Streptomyces 100 1447
01241 | misionensis misiohensis
OATH | Streptomyces 5 Streptomyces 100 1449
01242 | achiromogenes sp. OATH B
OATH | Streptomyces 5 Streptomyces 100 1449
01243 | eunvthermus sp. OATH B
QATH | Streptomyces 5 Streptomyces 100 1449
(31244 | achromogengs sp. QATH B
OATH | Streptomyces 5 Streptomyces 100 1449
01245 | griseoincarnatus sp. OATH B
OATH | Streptomyces 5 streptomyces 100 1448
01248 | surythermus sp. OATH B
OATH | Streptomyces 5 Streptomyces 100 1449
01247 | misionensis sp. OATH B
OATH | Strepfomyces 2 Streptomyces 100 1447
01281 | murinus riseofuscus
QATH | Baciflus 186 | Lysinibacifius 94.164 1268
01252 | haynesil capsict
QATH | Streptomycees 2 Streptomyces 100 1447
01253 | murinus griseofuscus
OATH | Streptomyces 2 Streptomyces 100 1447
01254 | grissofuscus grissofuscus
OATH | Streptomyces & Streptomyces 100 14493
012681 | achromogenes sp. DATH B
OATH | Strepfomyces 5 Streptomyces 100 1449
01282 | achromogenes sp. ODATH B
QATH | Pagnibacilius 59 Pagnibaciiius 100 1266
012683 | csliulositrophicus cefiuiosiirophicus A
QATH | Streptomyees 1 Streptomyces 100 1448
01271 | giebosus globosus
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QATH | Pristimantibacilius 65 Paanibaciiius 98.921 1234
01272 | undefined ceffvicsitrophicus A
QATH | Streptomyvees 1 Streptomyces 100 1448
01273 | giebosus gloposus
OATH | Aneurinibaciflus 155 Lysinibaciius 88.784 1480
01281 | aneurinilyticus capsici
OATH | Streptomyces 1 Streptomyces 100 1448
01283 | globosus globosts
OATH | Streptomyces 1 Streptomyces 100 1448
01285 | globosus globasus
QATH | Baciflus 183 | Lysinibacifius 91.87 1476
01281 | ficheniformjs capsici
QATH | Streptomyces 1 Streptomyces 100 1448
01282 | giebosus gloposus
QATH | Sireptomyces 1 Streptomyces 100 1448
01283 | giobosus globosis
OATH | Streptomyces 1 Streptomyces 100 1448
01294 | giobosus globosus
OATH | Streptomyces 1 Streptomyces 100 1448
1301 | giobosus globosus
OATH | Streptontyces 1 Streptomyces 100 1448
01302 | globosus globosus
OATH | Streptomyces 1 Streptomyces 100 1448
(31303 | giobosus globosus
QATH | Streptomyces 1 Streptomyces 100 1448
01304 | giohosus globosus
OATH | Streptomyces 1 Streptomyces 100 1448
1305 | giohosus globosus
OATH | Streptomyces 1 Streptomyces 100 1448
01308 | giobosus globosus
OATH | Streptomyces 1 Streptomyces 100 1448
01311 | globosus globasus
OATH | Streptomyces 1 Streptomyces 100 1448
01312 | globosus globosus
QATH | Streptomyces 1 Streptomyces 100 1448
(31313 | globosus gloposus
OATH | Streptomyces 1 Streptomyces 100 1448
01314 | giobosus globosus
OATH | Streptomyces 1 streptomyces 100 1448
01315 | giobosus globosus
OATH | Streptomyces 1 Streptomyces 100 1448
01316 | globosus alobosus
OATH | Strepfomyces 10 Streptomyces 100 1247
01331 | sennicomposti sp. DATH £
QATH | Strepfomyces 1 Streptomyeces 100 1448
(31341 | globosus globosus
QATH | Streptomycees 1 Streptomyces 100 1448
01351 | gfobosus glohosus
OATH | Streptomyces 1 Streptomyces 100 1448
01352 | giobosus glohosus
OATH | Brevibaciius 174 | Lysinibacifius 91.424 1271
01383 | panacihumi capsici
OATH | Pasnibacilius 59 Fasnibacilius 100 1266
01371 | cellulosyirophicus cefiufositrophicus A
QATH | Baciflus 1682 | Lysinibacillus 92,333 1226
01382 | velizensis capsici
QATH | Bacifius 162 | Lysinibaciffus 91.867 1478
01383 | velizensis capsics
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Alignmaent info.
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iD# BestTaxa # Genus/Species identity length
OATH | Streptomyces 12 Streptomyces 100 1448
01401 | bikiniensis bikiniensis
QATH | Streptomyvees 3 Streptomyces 100 1447
01411 | misionensis misicnensis
OQATH | Sireptomyces 30 Pseudomonas 86.42¢ 420
01412 | murinus fluorescens
OATH | Streptomyces 111 Streptomyces 89.011 1456
01412 | murinus sp. OATH 38
OATH | Pseudomonas_K &2 Fseudomonas 94.884 1466
01431 | orvzae fucrescens
QATH | Baciflus_A 174 | Lysinibacifius 94.268 1273
01441 | thuringiensis K capsici
QATH | Prisstia 180 | Lysinibacifius 89.931 437
(31451 | aryabhaital capsics
OQATH | Priestia 174 Lysinibaciius 94.582 1017
01451 | aryabhaital capsicl
OATH | Pseudomonas_K 82 Pseudomonas 94.884 1465
01461 | oryzae fiuorescens
OATH | Bacillus_{ 174 | Lysinibacillus 94.701 1019
01471 | endophytica A capsici
OATH | Bacillus_{ 183 | Lysinibacifius 87.146 529
01471 | endophytica A capsici
OATH | Baciflus_{ 183 | Lysinibacilus 87.183 523
01481 | endophyiica A capsict
QATH | Bacillus i 174 | Lysinibacifius 94.706 1620
01481 | endophytica A capsict
OATH | Bacillus 162 | Lysinibaciius 92.417 1477
01491 | safensis capsici
OATH | Cupriavidus 28 Fseudomonas 82.787 1464
01501 | /aharis korgensis
OATH | Baciflus 186 | Lvsinibacilius 893.75 12186
C1511 | sublilis capsic
OATH | Baciflus_{ 183 | Lysinibacilus 87.183 523
01521 | endophytica A capsici
QATH | Bacilfus_i 174 | Lysinibacifius 94.706 1620
(31521 | endophytica A CEPSIC
OATH | Prestia 160 | Lysinibaciius 92.88¢ 1478
01531 | aryabhaltal capsici
OATH | Prestia 160 | Lysinibacifius 93.0588 1411
01541 | aivebhatiai capsici
OATH | Friestia 180 | Lysinibacilius 89.931 437
01551 | arvabhatfal capsic
OATH | FPrisstia 174 Lysinibacillus 94 562 1647
01551 | aryabhatfal capsici
QATH | Baciflus 186 | Lysinibacifius 93.745 1231
01681 | subtilis capsicl
QATH | Arthrobacter 32 Micrococous 98.508 1260
G1571 | siccitolerans futeus
OATH | Prestia 160 | Lysinibacilius 89.931 437
01581 | megaterium capsici
OATH | Prieslia 174 | Lysinibacifius 94.834 755
01581 | megaterium capsici
OATH | Arthrobacter 32 ricrococceus 95.858 1449
01581 | nitrophenolicus juteus
OATH | Pseudomonas 183 | Lysinibacitus 81.604 567
01601 | delhiensis capsici
QATH | Pseudomanas 82 Pseudomaonas 094.884 1466
01601 | delhiensis fluorescens
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QATH | Pseudomonas 174 | Lysinibacifius 94.137 514
31601 | delhiensis capsici
QATH | Bacifius 186 | Lysinibaciius 91.785 353
016811 | safensis capsics
OATH | Bacillus 162 Lysinibaciius 92.95¢ 1051
01611 | safensis capsici
OATH | Bacillus 168 | Lysinibacilfus 893.853 1269
018621 | Inaquosorum capsic
OATH | Baciflus 1686 | Lysinibacillus 83.75 1216
18631 | sublilis capsic
QATH | Baciflus_{ 183 | Lysinibacifius 87.783 442
01641 | endophytica_A capsici
QATH aciffus_{ 174 | Lysinibacifius 94 701 1019
316841 | endophvtica A capsict
OATH | Pseudomonas 82 Pseudomonas 94.684 14€8
01851 | defhiensis flucrascens
OATH | Peribacillus 185 | Lysinibacilius 93.234 1478
01661 | frgonitolsrans A capsict
OATH | Arthrobacter 32 Micrococeus 98.305 354
C1871 | pascens futeus
OATH | Arthrobacter 32 Kicrococcus 95,387 1084
01671 | pascens futeus
OATH | Baciflus 186 | Lysinibacilus G3.75 1216
01681 | subtiiis capsics
QATH | Peribaciiius 155 | Lysinibacifius 93.542 1409
01881 | frigorifolerans A capsict
OATH | Zhihenglivelia 32 Micrococcus 88.73 1482
01701 | sp0311781886 juteus
OATH | Arthrobacter 32 Micrococcus 98.772 1017
01711 | sp018977138 juteus
OATH | Arthrobacter 43 Micrococeus 94.6822 502
01711 | sp0i19977185 juteus
OATH | Arthrobacter 32 Micrococcus 95,853 1449
01721 | sp021128155 luteus
QATH | Arthrobacter 32 Microcoecus 95.859 1449
01731 | sp021129155 futeus
OATH | Paribacillus 185 | Lysinibaciius 93.234 1478
1741 | frigorifolerans_A capsici
OATH | Bacillus 174 | Lysinibacifius 94,672 a78
01751 | sublilis capsici
OATH | Nonomuraea 50 Streptomyces 89.931 1450
01781 | rhodomycinica qriseoviridis A
OATH | Necardia 14€ Rhodoceoccus 95.53 1441
01771 | farcinica ervthropolis
QATH | Kocuria 32 Microcoocus 94.345 1450
31781 | {ufanensis futeus
QATH | Stutzerimonas 71 Pssudomaonas 97.944 1459
01791 | stutzeri Al sp. QATH 18
OATH | Caldimonas 167 Pseudomonas 83.424 1468
01801 | mangrovi azotoformans
OATH | Arthrobacter 32 Micrococcus 95.066 1443
01811 | phenanthrenivorans juteus
OATH | Terrimonas 145 Bradyrhizoblum 74.858 1420
01821 | undefined efkani
QATH | Kocuria 32 Micrococcus 85.379 1450
01831 | polans A futeus
QATH | Prestia 174 | Lysinibaciffus 94.582 1017
31841 | aryabhaltal capsics
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QATH | Prigstia 180 | Lysinibacilius 90.038 532
01841 | aryvabhaital capsici
QATH | Streptomyvees 73 Streptomyces 99.379 1448
(31851 | albogriseoius nigra
OATH | Nearhizobium 21 Microvirga 80.149 1411
01861 | flavum sp. OATH 1
OATH | Kocutia 148 | Rhcdococcus 31.69 1444
01871 | polaris A ervitiropolis
OATH | Baciflus 155 | Lysinibacilfus 91.875 1477
1881 | spizizenii capsic
QATH | Anthrobacter 32 Micrococcus 5,58 1448
01881 | spl06715285 futeus
QATH | Kocuria 32 Micrococcus 95379 1450
31901 | polars A luteus
OATH | Actincplanss 1468 Rhodococcus 91.407 1443
01911 | aureus erythropalis
OATH | Neorhizobium 145 | Bradyrhizobium 890.70¢9 1410
01921 | petrolsarium elkani
OATH | Neorhizobium 21 Microvirga 90.149 1411
01931 | flavum sp. OATH 1
OATH | Neorhizobiunt 21 Kicrovirga 80.149 1411
01941 | flavum sp. DATH 1
OATH | Streptomyces 72 Streptomyces 95,838 1232
(31951 | nigra sp001508785
QATH | Baciflus 155 | Lysinibacifius 88.785 535
01961 | inagquoscrum capsict
OATH | Bacillus 166 | Lysinibaciius 93.88¢ 10186
01961 | inaguoscrum capsici
OATH | Microvirga 21 Microvirgs 97.871 1402
01871 | spOR2346925 sp. QATH 1
OATH | Agromyces 32 Micrococeus 91.758 1456
01981 | sp0C1178025 juteus
OATH | Baciflus 186 | Lysinibacilus 93.127 1255
01981 | spizizenii capsici
QATH | Baciflus 166 | Lysinibacifius 93.127 1205
02001 | spizizenii CEPSIC
OATH | Microbispora 96 Streptomyces 90.809 1458
2011 | sp0714161445 OATH 28
OATH | Erythrobacter 21 Microvirga 85.803 1417
02021 | sp006542606 sp. QATH 1
OATH | Streptomyces 73 Streptomyces 99.379 1449
02031 | albogriseolus nigra
OATH | Strepfomyces 73 Streptomyces 99.378 1449
02041 | albogriseofus nigra
QATH | Strepfomyces 5] Streptomyeces 96.689 1449
02051 | bobili sp. QATH C
QATH | Streptomycees 187 | Strepiomyces 99.104 558
02061 | griseoruber sp. QATH 61
OATH | Streptomyces 17 Streptomyces 97.833 628
02061 | grissoruber misionans/s
OATH | Streptomyces 73 Streptomyces 98.886 1443
02071 | sp000721605 nigra
OATH | Strepfomyces 64 Streptomyces 98.414 1450
02081 | kurssanovii Cavourensis
OATH | Streptomyces 5] Streptomyces 98.896 1449
02081 | spi8048245 sp. OATH ©
QATH | Aflosphingosinicella 21 Microvirga 87.8 1418
02101 | sp0711320075 sp. QATH 1
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QATH | Mycetocola_A a9 Streptomyces 91.738 1452
02111 | miduisnsis sp. OATH 30
QATH | Nocardioides sp. 146 | Rhodococcus 91.967 1444
02121 erythropolis
OATH | Bacillus 168 Lysinibaciius 93.601 1047
02131 | paraficheniformis capsici
OATH | Streptomyces 1 Streptomyces 100 1448
02141 | globosus globosts
OATH | Baciflus 183 | Lysinibacillus 92.005 1476
02151 | paralicheniformis capsic

{08499] Thesc same protocols can be followed to convert mixed strain ATCC deposits into

single strain isolates if desired.

(g

Example 33: Exemplary production protecsl
{00508]  This cxample demonstrates a protocol for production {(e.g., culturing, inoculating,
incubating, and collection of microbial biomass) of one or more microbes as disclosed herein
using solid-state fermentation.
[00501]  Solid-state fermentation is a process in which microorganisms grow on solid
10 substrates alternatively to liguid mediums. Inthas procedure, solid media, such as agar-based
culture mediums, serve as the foundation for microbial growth. By integrating core
microbiclogical techniques and principles, this SOP has been developed to optimize solid-state
fermentation processes, cnsuring precision and consistency in microbial cultivation. This
approach enhances the efficiency and scalability of nucrobial production for various applications.
15 [80502] Dehaitions and Abbreviations used include (1) ISP-3: International Streptomyces
Project-3 Medim; (2) DI distilled; (3) BSC: hological safety cabinet; and (4) SSF: solid state
fermentation.
[00503] The following materials, consumables, and equipment are recommended:
[00504] Reagents: (1) ISP-3 (Himedia, M358}, (2} DI water; {33 70% Ethyl Aleohol (Sigma-
20 Aldnch, 65350-M); {4) Glucose Broth Media; (5) Dextrose; (6) Yeast Extract; (7) Peptone; (R)
Calerum Chioride Dhhydrate
[00505]  Consumables: (1) Stertfe Swabs; (2} 10 ub Sterile inoculating Loops; (3) Autoclave
Indicator Tape; (4} 5 mL Serological Pipettes; (53 14 mL Stenle culture tubes; {6} Large weigh
boats; (7) Scalpels; (8) 50 mL conical tubes; and {9} 2 mL microcentrifuge tubes
[00806]  Hguipment: (1) Autoclave; (2) BSC (LABCONCQO, Model 302319101); (3) Three-tier
Shaking incubator (aniCell, Model NB-206CXXL); (4} Incubator {(walk-in incubator); (5) High-
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speed Grinder {Vevor, Model 1000); (6) Analytical Balance (LACHO!, Model JT103D); and (7)
Large Sheet Trays 187 x 267

{00807]  The following safety measures should be taken: (1) wear a lab coat; (2) use
appropriately sized gloves; (3) wear safety glasses: (4) wear an N-93 respirator for at least the
grnding step.

{00508]  ISP-3 agar plate preparation: 19 g of [SP-3 medium was combined with 500 mL of DI
water and autoclave at 121°C for 15 minutes. Plates are then poured and allowed to cool to room
temperature prior to use.

{08509]  Glucose Broth Medium: 10 g of ISP-3 medium, 4 g of Yeast Extract, 4 g of Peptone,
and £.5 g Calciom Chloride Dihydrate are combined with 500 mL of DI water and autoclaved at
121°C for 15 nunutes. The solution was then cooled to room temperature before use.

[00510]  Stenlize work surfaces: (1} all interior surfaces of the Biological Safety Cabinet
(BSC) are spraved with a 10% bleach solution with at least a 10 nunute contact tivoe; (2) surfaces
are then rinsed by spraying with deionized (D} water and dried with paper towels; (3) all
surfaces are sprayed with 70% Ethyl Alcohol and allowed to sit for 10 minutes; {4} a second
application of 70% Ethvl Alcohol was then applied and dried by wiping with paper towels; (5}
the BSC was then closed and UV irradiated vsing the integrated UV light for 15 minutes to
complete sterilization.

[00511]  Maternial preparation: (1) a 14 mL sterife culture tube was labeled with the
corresponding 1D and date of inoculation for each isolate to be processed. A control tube
contamning 3 mL was also prepared as a negative congrol; (2) the exterior of the glucose broth
media was disinfected by spraying it with 70% Ethyl Alcohol. The bottle was then wiped down
with paper towels and placed mside the stertlized BSC; (3) all necessary supplies (wninoculated
broths, sterile swabs, loops, and trash setup) are placed nto the BSC and exposed to UV hight for
15 minutes.

{00512]  Reviving glycerol stocks: {1} all working stock cultures are stored 1 20% glveerol in
the - 80°C freczer. Glycerol stocks were plated every three production to produce fresh working
stock plates; {2} a cool box in the - 80°C freezer was used to retrieve working stock cultures in
batches of 8 to 10 to reduce frocze/thaw cycles; (3} the exterior of the conl box was sprayed with
7G6% Ethvl Alcobol before placing i 1o the stertized BSC; (4) using aseptic technique, the
glycero! stock was opened and the entire volume was transferred into a labeled 3 mL glucose
culture tube using a sterile 10 b mwoculation loop. The 3 mL tube was then gently mixed to
create a homogenous mixture; (5) the cap on the newly inoculated broth tube was loosely closed

to allow aeration and secured m place for meubation; {6} the process was repeated for all glycerol
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working stocks to create seed cultures for all 1solate: and (7} after inoculation, the seed cultares
were placed in the shaking incubator at incubated at 28°C with muxing at 240 rpm for two nights.
{00513]  Proparing sterility plates and working stock plates: (1) the BSC was sterilized as
descnbed herein: (2} After the two night incubation, all seed cultires were removed. Turbidity of
cultures were ohserved and reported (1 for "Turbid”, NG for "No Growth"). If no turbidity was
observed, the culture was incubated for an additional 24 hours; (3} For each isolate 1D, one ISP-3
Agar plate was labeled with the isolate 1D, date of moculation and "Purity". A negative control
plate was also prepared for the negative control broth; {4} a sterile cotton swab was dipped into
the turbid culture and inoculated onto the corresponding ISP-3 agar plate i the primary quadrant
with saturated swab; (3) a sterile inoculation loop (10 pl or 1 @) was used to streak purity for
isolation as shown in Figure 13; (6) the process was repeated for each sced culbture; (7} alf seed
cultures were paced back in the shaking incubator and the purity plates were placed 1 a 28°C
incubator to continue incubation; and (8) the strains used m process were recorded.

[00514]  Isolation of production plates: {1} turbidity and purity plate results were recorded for
each seed colture tube; (2) I the plate looked clean (e.g., single colony type and consistent with
individual isolated growth morphology), the 3 mL sced culture was deemed ready to be used for
scale up to production plate moculation; (3} If there was no observed growth on the purity plate,
it was deternuned if further incubation was needed before moving forward. The decision was
made considering each isolate’s growth rate and the growth rate of common laboratory
contaminants. No growth on the purity plate and a turbid liquid culture was considered clean; (4)
broths that had no growth after one overnight incubation but are now turbid by the second
overnight incubation were reincubated for another overnight incubation to grow mature cultures
for working stock plates; (5) The BSC was sterilized using the steps detailed heremn, the exterior
of culture plate sleeves were sterilized by spraying with 70% Ethyl Alcohol, wiped dry and
placed in the BSC: (7} all other supplies to be used were placed in the BSC and UV irradiated for
15 nunutes. No bacterial cultures were mtroduced into the BSC during this step; (8) plate sleeves
and gloves were spraved with 70% Ethyl Alcohol and allowed to dry before handhing; (9) the
tarbid culture tubes were brought into the sterile BSC and eighty ISP-3 plates were mcoulated for
each isolate; (10} plates were separated into sets of 10 and every 10th plate was labeled with the
strain number, date, and tech minals; (11 plated we inoculated i sets of 3 by dipping a sterile
swab into the seed culture, making a single streak down the muddie of each plate, and covenng
umtif all S plates are imoculated; (123 Ouce all 5 plates were moculated with the single streak
using the same swab, plates were then swabbed with the landscaping technigue as shown in
Figure 14; (13) the process was repeated until completion; (14) once al plate were inoculated,

the inoculated plates were placed 1 a walk-in incubator room, organized by strain number and
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incubated; (13} plated were regularty checked during incubation progress, paying special
attention to plates with little or no growth or contamination signs. Production was repeated or
adjusted as necessary {e.g., starting new cultures, inoculating mare plates, cte).
[00515] Harvesting blomass: {1} Once plates reached the designated incubation time and were
inspected for purtty, results and date of harvest/scraping were recorded; (2) plates that appeared
considerably different than the others for a given isolate were considered contaminated. Any
unusual colonies or growth that differ from all other plates of a given 1solate were also be
considered contaminated. Contaminated plates were discarded and recorded; (3) The BSC was
sterilized using the steps detailed herein: (4) all materials to be used were gathered {scalpels,
small tray, parchment paper and dexirose}; (5) 50 g of dextrose was added to each tray on
parchment paper, placed in the BSC, and UV irradiated for 15 mins; (6) after sterilization,
production plates to be harvested were brought into the BSC; (7) a scalpel was used to scrape the
bacterial biomass from agar onto the stertle metal tray contaiming 30g of dextrose; (&) some of
the isclates worked with grow inte the agar and needed a little more pressure with the scalpel to
be removed. Agar coliection was minimized; (9) the process was repeated for each isolate ready
1o be harvested, ensuring the bactena was thoroughly mixed with the dextrose; (10} each tray of
microbes and dextrose was weighed, and the weight was recorded.
[00516]  Drving: (1) Each trav was wrapped with stertfized blue autoclave paper; (2) all folds/
overlaps 1o the paper were closed/scaled to protect biomass from potential contamination from
outside air; (3} the blue paper was ensured to not be in direct contact with microbes; (4) the
covered tray was placed onto the dryving rack and the drving rack was covered with a plastic
cover.
{00517 Grinding: (1) dryving was considered complete after at least one week and the mixture
10 longer felt sticky. This was checked by hand with a clean set of sterilized gloves; (2} once
biomass and dextrose reached the appropnate drying consistency, product grinding began; (3}
With the grinder unplugged, it was sterilized thoroughly with 70% Ethyl Alcobol, wiped down
with paper towels, and allowed to air dry for at least 15 munutes before adding mixture; (4) dried
mixture was transferred from the tray to the grinder and the was closed lid tightly. When ready,
the grinder was plugged into the power outlet; {3} grinding was completed avoiding repetitive
erinding steps to prevent heat butld up; (6) when the grinding was complete, consistency was
checked: if chunks were present, grnnding continued. Once a homogeneous powder was
achiecved, the powder was carcfully transferred info an opaque 32 oz black bag; (7) the outside of
the 32 oz bag was clearly labeled with the Production batch number and date; (8) the grinder was
cleaned with distitied water, wiped thoroughly, then resterilized; (9) 0.5 g of the powder was
weighed into a 2 mL microcentrifuge tube labeled with batch number and date for quality
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control; (10} the 0.5 g microcentrifiige sample was the combined with 1 mL of Zymo DNA/RNA
shield and thoroughly homogenized to ensure complete coverage of our concentrate with the
solution. This sample was suboutted for sequencing as soon as possible; {11} 3 additional
replicate samples were weighed, each contaming 0.5 ¢ of concentrate. The concentrate of each
replicate was placed into its own 50 mL non-vented conical tube labeled with batch number and
date. These were used for CFU detenmination of the current batch in replicates of 3; (12) CFUs

were then counted.

Example 34: Influence of application of a compesition comprising a plurality of different
microbes in improving yield, root biomass, seed pod biomass, and plant biomass in
common hean
f00518]  This example demonstrates a significant increase in common bean yield, root
biomass, seed pod biomass, and plant biomass following treatment with a composition
comprising a plurality of different microbes.
[005191  The composition comprising a plurality of different microorganisms comprised
isolates of the Paenibacilius, Rhodococcus, and Strepiomyces genera, inchading isolates of
Paenibacillus cellulositrophicus, Rhodococcus gingshengii, Streptomyces ansochromogenes,
Streptomyces antibioticus, Streptomyces avermitilis, Streplomyces diastatochromogenes,
Strepiomyces fragilis, Strepromyces funngaiiscleroticus, Streptomyces griseoaurantiaeus,
Strepiomyees misionensis, Streptomyces nogalater, Streptomyces padanus, Streptomyces
violaceorectus, Strepromyces violaceus, and Streptomyces violaceusniger. The microorganisms
were grown and formulated into the composition as described in Example 33,
[00528]  The composition was applied to an already established field of cormmon beans
{(Phaseolus vulgarisy on November 15® The total field arca was four hectares. Two hectares
were left untreated and served as an untreated control (see next pagel. A second application was
applied on December 1. There were approximately 133,333 plants per hectare. Diammonium
phosphate {I3AP) 18-46-0 and manure was added duning planting. Easygrow 27-10-16 was added
as a foliar fertilizer during the season. The dosage rate per application was 10Bn CFUs per acre.
The composition comprising a plurality of different microbes was mixed with Sea minerals and
diluted in water. Back pack sprayers were used to apply the compositon comprising a pluraluty of
different microbes to the crops. The top diseases in the farm were Anthracnose, Early & Late
Blight, Bean Rust, and Leaf Spot. The plants were harvested and all measurements recorded in
pud-January the following year.
{00521]  Root biomass was 50-56% higher for crops treated with the composition comprising a
plurality of different microbes than for untreated control crops. Data is shown in Figure 6. As
-257-
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shown in Figure 6 (right}, root fresh weight (FW) averaged 4.2 g for crops treated with the
composition comprising a plurality of different nucrobes as compared to 2.7 g for untreated
control crops (P=0.0019). As shown in Figure 6 (left), root dry weight {DW} averaged 1.5 g for
crops treated with the composition comprising a pherality of different microbes as compared to
1.0 for untreated control crops{P=0.0013}.
{00522)  Shoot biomass was 10-15% lgher for crops treated with the composition comprising
a plurality of different microbes than for untreated control crops. Data is shown in Figure 7. As
shown in Figure 7 (right}, shoot biomass fresh weight averaged 7.4 g for crops treated with the
composition comprising a plurality of different microbes as compared to 6.7 g for untreated
control plants (P=0.0728). As shown in Figure 7 {feft), shoot biomass dry weight averaged 5.0 g
for crops treated with the composition comprising a phurality of different microbes as compared
to 4.3 g for untreated control crops (P=0.3374).
{00523]  Pod biomass was 32-40% higher for crops treated with the composition comprising a
pharality of different microbes than for untreated control crops. Data is shown in Figure 8. As
shown in Figure 8 (right), pod biomass fresh weight averaged 7.5 g for crops treated with the
composttion comprising a plurality of different nucrobes as compared to 3.7 g for untreated
control plants (P=0.0002}. As shown in Figure 8 (lefl), pod biomass dry weight averaged 6 3 g
for crops treated with the composition comprising a phurality of different microbes as compared
to 4.5 ¢ for unitreated control plants (P<0.0001).
[80524]  Gramn biomass was 40-45% higher for crops treated with the composition comprising
a phurality of different microbes than for untreated control crops. Data 1s shown in Figure 9. As
shown in Figure 9 (right). grain biomass fresh weight averaged 23.5 g for crops treated with the
composition comprising a plurality of differcot nucrobes as compared to 16.2 g for untreated
control plants (P<0.0001}. As shown in Figure 8 (Iefl), gramn biomass drv weight averaged 22.0
g for crops treated with the composition comprising a pharality of different microbes as compared
to 15.7 g for untreated condrol plants (P<0.0001).
{00528]  Yicld per hectare was estumated by using the approximate 133,333 plants per hectare
and the per-plant vield {i.¢., graim biomass} mean valae (FW: 23.3 g treated and 16.2 g non-
treated; as shown in Figure 9). It was estimated that a total of 3.1 tonnes of bean grains were
produced in the treated arcas, while 2.2 tonnes were produced in non-treated arcas,
corresponding to a 45% ncrease m vield per hectare.
[00526]  This example demonstrates a significant and positive effect on the growth of comumon
beans following only two treatments of the composition comprising a plurality of difforent
nuerobes. The composition comprising a plurality of different microbes delivered a rapid (1) 40-
45% merease in vield per hectare, {2) a rapid 50-56% increase in root biomass, 3y a 10-15%
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increase w shoot biomass, and (4} a 32-40% increase in seed pod biomass, in only 45 days.
These results demanstrate that the composition comprising a plurality of different nucrobes have
a great capacity to not only merease vield (food) by 45%, but also crucial soil health parameters,
such as soil structere and so1l carbon. Increased plant root growth helps prevent sodl erosion as
well as sequestering carbon from the atmosphere (40% of plant root bismass dernives from plant

phatosynthesis)

Example 35: Influence of soil application of a compesition comprising a plurality of
different microbes in mproving scil health, nutrient availability, {ree nutrient and water
status, fruit set, and nut retention in almond

[00827]  This example demonstrates a positive improvement in sotl bulk density, soil water
holding capacity, and stem water potential following treatment with a composition comprising a
plurality of different microbes.

{00528] The composition comprising a plurality of different microorganisms comprised
isolates of the Microbacterium, Rhodococcus, and Strepromyces genera, including isolates of
Microbacterium sp. 002979655, Rhodococcus gingshengii, Streptonnces antibioticus B,
Streptomyces bacillaris, Strepromyees bikiniensis, Siveproniyees broussonetiae, Streptomyees
chartreusis, Streptomyvees diastatochromogenes, Sireplomyces eurvihermus, Streptomyces

globosus, Sireptomyces grisecaurantiacus, Streptomyces griseofuscus, Streptomyees

]

riseoincarnatus, Streptomyces griseosivamineuns, Strepiomyces griseoviridis A, Streptomyces

ibani, Strepromyces misionensis, Streptomyces murinus, Streptomyces puniciscabiei,
Streptomyces rochei, Streptomyees sennicomposti, Streptomyces seoulensis A, Strepiomyces
toxyiricing, and Streptomyces yatensis. The microorganisms were grown and formulated into the
composition as desenibed in Example 33.

[00529]  Three blocks of almond tree stands were treated with a composition comprising a
plurality of different nucrobes. Three additional blocks were maintained as untreated controls.
The wrigation was lowfrequency dop irrigation as grower standard. All practices will were
erower/industry standard practices.

{00530]  Pre-treatment composite soil samples were collected from each block at 0-18 inches
depth using Auger. Just before soil probiotics were added, basehine samples were placed 1n
airtight bags and sent for analvsts including soil physical (bulk density and water holding
capacity. pH} and soil chemical properties (total carbon, norganic, carbon, macro- and
nucronutrients). Soil samples were also sent for analysis of microbiome function and diversity.
{00531]  Nonparetl trees on one side of imigation niser and their two neighboring trees were
treated as one experimental unit and product was injected using a gasoline powered mjection
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pump. To do so, the composition comprising a plurality of different microbes was added to 30
gallons water and 10 gallons solution was mjected through drip irtigation to cach row. After
injection, a further 2-3 hours of irrigation water was applied to incorporate product into the soil,
The gasoline powdered injection pump was used to provide encugh pressare to uniformly apply
the composition in the rigation line. The composttion was applied at days 0, 30, 60, 90, and 120
post-bloom.

[00532] Samples were collected to measure soil water content, soil bulk density, and soil pH
at days 0, 30, 60 90, 120, and at harvest.

{08533]  Samples were collected to measure soil macro and micronutrients at days 0, 60, and
120

[00834]  Samples were collected to measure soil microbial community composition at days 0,
30, and 120. Taxonomic diversity was measured.

[00538]  Leaf samples were collected at day 120, Leaf samples were dried at 50 C, ground, and
analyzed for N, P, K, §, Ca, Mg, B, Zn, Mn, Fe, and Cu concentration.

f00536]  Fruit samples were collected at harvest. Almond kernel size and crackout percentage
was measured. 2060 nuts were collected from three trees in cach replicated treatment at harvest,
Nut weight was recorded after drving. Kernels were separated, weighed, and crackout percentage
was determined.

[00537]  Stem water potontial was measured at days 90, 120, and harvest. Stem water potential
was measured fo assess the nfluence of the composition comprising a plurality of different
microbes on improving soil water holding capacity and mcreasing water avarlability, thereby
reducing water stress in trees. Mid-day stem water potential was deternuned for two trees in each
replicated treatment before 1rigation cyele. Leaves were covered with aluminum bags for an
hour, removed, and tested inside pressure bomb.

[00538]  As shown in Figure 10, soil water content was significanily higher in plots following
treatment with the composition comprising a plurality of different microbes. Due to the higher
soil water content, watering for treated crops was reduced by 17% on July 23™. Even with
reduced watering, treated crops show higher soil water content than antreated plots.

{00539]  Stem water potential reflects plant stress levels if too high. As shown in Figure 11,
trees treated with the composttion comprising a plurality of different microbes shown a 13%
decrease in stern water potential as compared to untreated trees (P=0.019). However, after
watering was reduced with 17% in the just the plots treated with the composition comprising a
plurality of different muicrobes, the stem water potential became similar to that of the untreated

plots.
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As shown in Figare 12, soil bulk density was significantly lower in plots treated with

the composition comprising a plurality of different microbes as compared to untreated plots.

(00541

This example demounstrates a positive improvement i sotl bulk density, soil water

holding capacity, and stem water potential following only a single treatment with a composition

comprising a plurality of different microbes.

Example 36: Exemplary composition comprising a plurality of different microbes

[00542]

This example provides an exemplary composition comprising a plurality of different

microbes for the treatment of soil in which plants are grown, plants, and/or plant parts, for

example crops, grass, and trees. The composition comprises microbes from the genera

Microbacterium, Rhodococcus, and Sirepiomyces. The composition may be produced as

disclosed herein, for example i Example 33. Microbes are as shown in Table 33, below.

Table 33 Microbes in exemplary microbial composition

USID SEQG 1D Nois} Genus Species ATCC deposit §
OATHOG144 208 Streptomyces grisesincarnotus PTA-127841
OQATHO0253 213 Streptomyces misionensis PTA-127842
QATHOO261 214 Streptomyces murinus PTA-127843
OATHOG021 216 Streptomyces echinaty PTA-127836
OATHU0312 218 Streptomyces baciftari PTA-127838
CGATHO0R13 220 Streptomyces baciftori OTA-127838
OATHO0483 247 Microbacterium paraoxydans PTA-127834
OATHO0641 260 Streptomyces sennicomposti PTA-127845%5
OATHOGGAL 262,263 Streptomyces chartreusis PTA-127837
OCATHO080L 27¢ Streptomyces globosus PTA-127840
QATHOORE1 275 Streptomyces murinus PTA-127843
OATHO1201 286 Streptomyces sennicomposti PTA-127846
OATH(1241 287 Streptomyces misionensis PTA-127843
OATHO1261 290 Streptomyces achromogenes PTA-127837
OATHO1242 317 Streptomyces achromogenes PTA-127835
OATHO1245 318 Streptomyces griseocincarnatus PTA-127835
OATHO1243 318 Streptomyces eurythermus PTA-127835
QATH(1271 326 Streptomyces giobosus PTA-127839
QATHO1285 328 Streptomyces giobosus PTA-127839
OATHO1283 329 Streptomyces giobosus PTA-127839
QATHO0252 348 Streptomyces misionensis PTA-127841
OATHOG264 343 Streptomyces murinus PTA-127843
OATHOG262 350 Streptomyces murinus PTA-127843
OATHOG263 351 Streptomyces MUrinus PTA-127843
OATHOOS81 377 Streptomyces sennicomposti PTA-127845
OATHU0802 392 Streptomyces globosus PTA-127840
QATHO0923 399 Rhodococcus erythropolis BTA-127834
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{00543] The composition may further comprise one or more microbes of the genera
Microbacterium, such as Microbacterinum sp002979655, for example OATHO0493 comprising a
168 rRNA sequence of SEQ ID No. 374, The composition may further comprise Strepromyces
griseoincarnans QATHOO921 comprising a 168 rfRNA sequence of SEQ ID No. 398.

[00344]  The composition may further comprise one or more microbes of the genera Baciifus,
Brevibacillus, Lysinibacillus, and/or Paenibacillus. Exemplary species include but arc not
timited to Bacillus velezensis, Brevibacilius panacihumi, Lysinibacillus sphaericus, and

Paenibacilius cellulositrophicus.

Example 37: Exemplary composition comprising a plurality of different microbes for
{reating crops

f00545]  This example provides an exerplary composition comprising a plurality of different
nucrobes for the treatment of soil 1n which plants arc grown, plants, and/or plant parts, for
example crops and grass. The composition comprises microbes from the genera Lysinibacillus,
Microbacterium, Rhodococcus, and Streptomvees. The composition may be produced as
disclosed herein, for example in Example 33, Microbes used in the composition are shown in
Table 34, below.

[00346]  The composition may further comprise one or more microbes of the genera
Microbacterium, sach as Microbacterium sp0029796355, for example OATHO0493 comprising a
168 rRNA sequence of SEQ ID No. 374, The composition may further comprise Strepfomyces
griseoincarnaius GATHO092 1 compnising a 165 tRNA sequence of SEQ ID No. 398 and/or
Strepomyces grisoincarnatus GATHO0412 comprising a 165 rRNA sequence comprising SEQ
I3 NOs. 367, 368, and 3569,

Table 34 Microbes used in exemplary microbial composition

PCT/US2024/054441

UsSiD SEQ D Nofs) | Genus Species ATCC deposit #
OATHOO031 228 Streptomyces senhicomposti PTA-127845
OATHOOD4T 238 Streptomyces hikiniensis PTA-127839
OATHO0051 250 Streptomyces rochei PTA-127344
OATHO0052 261 Streptomyces rochei PTA-127844
OATHOODSR 381 Streptomyces rochei PTA-127844
GATHODO7 1 273 Streptomyces senhicomposti PTA-127846
OATHOO072 282 Streptomyces sennicomposti PTA-127846
OATHO00SL 198 Streptomyces bikiniensis PTA-127839
OATHOO10L 207 Streptomyces senhicomposti PTA-127845
OATHOO144 208 Streptomyces grisecincarnatus PTA-127841
QATHG0223 211 Streptomyces misionensis PTA-127842
OATHOOZ41 212 Streptomyces sennfcomposti PTA-127845
OATHG0242 346 Streptomyces sennicompost PTA-127844
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LSID SEG D Nofs) | Genus Species ATCC daposit #
OATHO0243 347 Streptomyces sennicomposti PTA-127844
QATHO0252 348 Streptomyces misionensis PTA-127841
OATHOO253 213 Streptomyces misionensis PTA-127842
OATHG0261 214 Streptomyces murinus PTA-127843
OATHO0262 350 Streptomyces mrinus PTA-127843
OATHOO263 351 Streptomyces murinus PTA-127842
OATHG0264 349 Streptomyces murinus PTA-127843
OATHO0Z91 215 Streptomyces griseogurantiocus PTA-127841
OATHG0292 217 Streptomyces grisecquranticous PTA-127841
OATHO0312 219 Streptomyces baciilari PTA-127338
OATHO0313 220 Streptomyces baciliari PTA-127838
OATHO0321 222 Streptomyces griseoincarnatus PTA-127336
GATHOO343 357 Streptomyces achromogenes PTA-127836
OATHR0392 236 Streptomyces bacillari PTA-127838
OATHO04132 241 Streptomyces misionensis PTA-127842
OATHOO421 243 Streptomyces misionensis PTA-127842
OATHGO4A22 244 Streptomyces misionensis PTA-127842
QATHO0423 245 Streptomyces niisionensis PTA-127842
OATHO0483 247 Microbacterium paraoxydans PTA-127834
QATHO0481 373 Streptomyces misionensis PTA-127841
OATHOO562 252 Streptomyces murinus PTA-127843
OATHOO563 253 Streptomyces murinus PTA-127843
GATHOOS71 254 Streptomyces misionensis PTA-127843
OATHOO801 270 Streptomyces globosus PTA-127840
OATHG0823 271 Streptomyces murinus PTA-127843
GATHOO8ST 354 Streptomyces misionensis PTA-127842
OATHO0392 396,395,397 | Lysinibaciilus sphaericus PTA-127847
QATHO0223 3589 Rhodococcus erythropolis FTA-127334
OATHCO961 277 Streptomyces misfonensis PTA-127843
OATHG1245 318 Streptomyces grisecincarnatus PTA-127835
QATHOL261 280 Streptomyces achromogenes PTA-127837
OATHOL271 326 Streptomyces globosus PTA-127839
OATHG1273 293 Streptomyces glohosus PTA-127841
OATHO1284 330 Streptomyces globosus PTA-12783%
OATHO1301 297 Streptomyces globosus PTA-127841
QATHO1341 342 Streptomyces globosus FTA-127340
GATHO1351 343 Streptomyces globosus PTA-127840
OATHO1401 202 Streptomyces bikiniznsis PTA-127838
{08547] The composition may further comprise one or more microbes of the genera

Aneurinibacillus, Bacillus, Brevibacillus, and/or Paenibacillus. Exemplary species include but

are not hmited to dneurinibacillus aneurinilvticus, Bacillus havnesii, Bacillus licheniformis,
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Bacillus velezensis, Brevibacillus ponacilumi, Lyvsinibacillus capsici, and Paenibaciilus

cellulositrophicus.

Example 38: Exemplary composition comprising a plarality of different microbes

{00548}

This example provides an exemplary composition comprising a plurality of different

nucrobes for the treatment of soil in which plants arc grown, plants, and/or plant parts, for

example grass. The composition comprises fungal and bacterial microbes from the genera

Baciilus, Lysinibacillus, Microbacterium, Neorhizobium, Peribacillus, Priestia, Psendomonas,

Rhodococcus, and Streptomyees. The composition may be produced as disclosed herein, for

example in Example 33. Microbes used i the composition are shown in Table 35, below

Table 35 Microbes used in exemplary microbial composition

Usip SEQ D Nofs} | Genus Specias ATCC deposit #
QATHO0031 228 Streptomyces sennicomgposti PTA-127845
OATHDC041 239 Streptomyces bikiniensis PTA-12783%
OATHOOOS1 250 Streptomyces rochei PTA-127844
GATHO0052 261 Streptomyces rochei PTA-127844
OATHOG0SR3 381 Streptomyces rochei PTA-127844
OATHO0071 273 Streptomyees sennicomposti PTA-127846
GATHO0O72 282 Streptomyces sennicomposti PTA-127846
OATHOOOS1 188 Streptomyces bikiniensis PTA-12783%
QATHO0101 207 Streptomyces sennicomgposti PTA-127845
OATHD0102 304, 305 Psyedomonas E paracanis PTA-127844
OATHO0144 209 Streptomyces griseoincarnatus PTA-127841
OATHO0223 211 Streptomyces misionensis PTA-127842
OATHOG241 212 Streptomyces sennicomposti PTA-127845
OATHU0242 346 Streptomyces sennicomposti PTA-127844
QATHO0243 347 Streptomyces sennicomposti PTA-127844
OATHO0252 348 Streptomyces misichensis PTA-127841
OATHO0253 213 Streptomyces misionensis PTA-127842
OATHDGZ61 214 Streptomyces murinus PTA-127843
OATHO0282 350 Streptomyces murinus PTA-127843
OATHO0263 351 Streptomyces murinus PTA-127843
OATHOO264 349 Streptomyces murinus PTA-127843
OATHO0291 215 Streptomyces grisecgurantiacus PTA-127841
OATHO0282 217 Streptomyces griseoquranticacus PTA-1278471
OATHO0312 215 Streptomyies bacillari PTA-127838
OATHO0313 220 Streptomyces baciliari PTA-127338
OATHOO321 222 Streptomyces griseocincarnatus PTA-127836
OATHO0343 357 Streptomyces achromogenes PTA-127836
OATHO0392 236 Streptomyces bacitiari PTA-127838
OATHO0413 241 Streptomyces misionensis PTA-127842
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USiD SEQ D No{s} | Genus Specias ATCC deposit #
OATHO0421 243 Streptomyces misichensis PTA-127842
QATHO0422 244 Streptomyces misfonensis PTA-127842
OATHOG423 245 Streptomyces misionensis PTA-127842
OATHO0483 247 Microhacterium paraoxydans PTA-127834
OATHO0481 373 Streptomyces misionensis PTA-127841
OATHO0562 252 Streptomyces murinus PTA-127843
OATHO0563 253 Streptomyces murinus PTA-127843
OATHOO571 254 Streptomyces misionensis PTA-127843
OATHO0801 270 Streptomyvees globosus PTA-127840
OATHO0823 271 Streptomyces murinus PTA-127843
OATHO0891 384 Streptomyces misichensis PTA-127842
QATHO08392 386, 395, 387 | Lysinibacilius sphaericus PTA-127847
OATHO0913 382 Streptomyces nigrescens PTA-127840
OATHO0923 389 Rhodococcus erythropolis PTA-127834
OATHO0961 277 Streptomyces misionensis PTA-127843
OATHOL1112 281 Psuedomonas £ paracarnis PTA-12784%
OATHU1245 318 Streptomvees grisecincarnatus PTA-127835
QATHO1261 280 Streptomyces achromogenes PTA-127837
OATHO1271 326 Streptomyces globosus PTA-127839
QATHU1273 293 Streptomyces globosus PTA-127841
OATHO1294 330 Streptomyces globosus PTA-12783%
OATHO1301 297 Streptomyces globosus PTA-127841
OATHO1341 342 Streptomyces globosus PTA-127840
OATHO1351 343 Streptomyces globosus PTA-127840
OATH01401 202 Streptomyces hikiniensis PTA-127833
OATHO1451 480, 481 Priestio aryabhattai PTA-127850
OATHO1661 467 Peribacilius Frigoritolerans A PTA-127849
QATHU1681 471 Peribaciltus frigoritolerans A PTA-127850
GATHO1741 477 Peribacilius frigoritolerans A PTA-127850
OATHO1841 402, 401 Priestic aryabhottai PTA-127850
OATHO1851 403 Streptomyces atbogriseclus PTA-127837
OATHO1861 404 Neorhizobium flavum PTA-127850
OATHU1951 414 Streptomvees nigra PTA-127844
GATHO1981 419 Bacifius spizizenii PTA-127848
OATHO2051 426 Streptomyces bobili PTA-127839
QATH02131 435 Bacillus paralicheniformis PTA-127847

[00549]  The composition may further comprise one or more microbes of the genera

Aneurinibacillus, Brevibacillus, Glomus, Paenibacillus, Pisolithus, and/ot Rhizopogon.

Exemplary species include but are not himited to Aneurinibacilius oneurinilyticus, Bacitlus

haynesii, Bacillus licheniformis, Bacillus velezensis, Brevibacillus panacihumi, Glomus

aggregaium, Glomus etunicatum, Glomus intravadices, Glomus mosseae, Lysinibacillus capsici,

Neorhizobium flavum, Paenibacillus cellulositrophicus. Paenibacillius thailandensis, Feribacillus
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frigoritolerans, Pisolithus tinctorius, Priestia aryabhattai, Priestia megaterium, Rhizopogon

amyiopogon, Rhizopogon fulvi

o

: .
Streptoniyoes nigrescens.

gleba, Rhizopogon luteolus, Rhizopogon villosullus, and

Example 39: exemplary composition comprising a plurality of different microbes for the

treatment of crops, for example soy beans

[00550]

This example provides an exemplary composition comprising a phurality of different

microbes for the treatment of soil in which plants are grown, plants, and/or plant parts, for

example crops, such as sovbeans, and grass. The composition comprises microbes from the

genera Lysinibacillus, Microbacrerivm, Rhodococcus, and Strepromyvees. The composition may

be prodaced as disclosed herein, for example in Example 33, Microbes used in the composition

are shown in Table 36, below.

Table 36 Microbes used in exemplary microbial compaosition

Usio SEQ D Nois} Genus Species ATCC deposit #
OATHO0051 250 Streptomyces rochei PTA-127844
OATHO0052 261 Streptomyces rochef PTA-127844
OATHOO053 381 Streptomyces rochei PTA-127844
OATHO0223 211 Streptomyces niisionerisis PTA-127842
OATHO0252 348 Streptomyces misionensis FTA-127841
OATHO0253 213 Streptomyces misionensis PTA-127842
OATHO0312 218 Streptomyces bacifiari PTA-127838
OATHO0313 220 Streptomyces haciifari PFTA-1278338
OATH(0392 238 Streptomyces baciftari PTA-127838
CATHO0413 241 Streptomyces misionensis PTA-127842
OATHO0421 243 Streptomyces misionensis PTA-127842
OATHO04A22 244 Streptomyces niisionersis PTA-127842
OATHO0423 245 Streptomyces misionensis FTA-127842
OATHO0483 247 Microbacterium pargoxvdans PTA-127834
OATHO0481 373 Streptomyces misionensis PTA-1273841
OATHO0S571 254 Streptomyces misionensis PTA-127843
OATHO0801 270 Streptomyces giohosus PTA-127840
CATHO0891 394 Streptomyces misionensis PTA-127842
OATHQ0892 396, 395, 397 Lysinibacilius sphaericus PTA-127847
QATH00823 339 Rhodococcus erythropoiis PTA-127834
OATHO096L 277 Streptomyces misionensis FTA-127843
OATHO1261 250 Streptomyces achromogenes PTA-127837
OATHO1271 326 Streptomyces globosus PTA-127839
OATHO1273 293 Streptomyces globosus PTA-127841
OATH(1294 330 Streptomyces gliohosus PTA-127838
OATHO1301 287 Streptomyces globosts FTA-127841
OATH(1341 342 Streptomyces globosus PTA-127840
OATH01351 343 Streptomyces globosus PTA-127840
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The composition may further comprise one or more microbes of the genera Bacillus,

Glomus, and/or Paenibacillus. Exemplary species include but are not limited to Bacillus

haynesii, Baciilus licheniformis, Bacilius velezensis, Glomus aggregatum, Glomus etunicatum,

Glomus intravadices, Glomus mosseae, Paenibacillus cellulositrophicus.

Example 40: Exemplary composition comprising a plurality of different microbes

[00552]

This example provides an exemplary composition comprising a plurality of different

microbes for the treatment of soil in which plants are grown, plants, and/or plant parts, for

example crops and grass. The compogition comprises microbes from the genera Fysintbacillus,

Microbacterium, Rhodococcus, and Sirepiomyces. The composition may be produced as

disclosed herein, for example in Example 33, Microbes used in the composition are showa in Table

37, below,

Table 37 Microbes used in exemplary microbial compaosition

Usio SEQ D Nois} Genus Species ATCC deposit #
OATHO0223 211 Streptomyces misionernsis PTA-127842
COATHOG252 348 Streptomyces misionensis PTA-127841
OATHO0253 213 Streptomyces misionensis PTA-127842
OATHO0312 219 Streptomyces bacilfori PTA-127838
COATHO0313 220 Streptomyces bacilfari FTA-127838
OATHO0343 357 Streptomyces achromogenes PTA-127836
QATHO0392 236 Streptomyces bacilfari PTA-127838
OATHO0413 241 Streptomyces isionensis PTA-127842
OATHO0421 243 Streptomyces misionensis PTA-127842
QATHO0422 244 Streptomyces misionensis PTA-127842
OATHO0423 245 Streptomyces misionensis PTA-127842
OATHO0483 247 Microbacterium paraoxydans PTA-127834
OATHO0491 373 Streptomyces misionensis PTA-127841
OATHO0571 254 Streptomyces misionensis PTA-127843
OATHO0801 270 Streptomyces globosus PTA-127840
OATHO0891 394 Streptomyces isionensis PTA-127842
OATHU0892 396, 355, 397 Lysinibacilfus sphoericus PTA-127847
OATHO0923 348 Rhodococcus erythropolis PTA-127834
OATHO0961 277 Streptomyces misionensis PTA-127843
OATHO1261 290 Streptomyces achromogenss PTA-127837
OATHO1271 326 Streptomyces globosus PTA-127839
OATH(1273 293 Streptomyces globosus PTA-127841
COATHO1294 330 Streptomyees globosus PTA-127839
OATHO1301 287 Streptomyces globosus PTA-127841
OATHU1341 342 Streptomyces globosus PTA-127840
OATHO1351 343 Streptomyces globosus FTA-127840
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{30553
such as Microbacterium sp002979655, for example QATHO0493 comprising a 165 tRNA sequence of
SEQ D No. 374

f00554]

The composition may further comprise one or more microbes of the genera Microbacterium,

The composition may further comprise one or more microbes of the genera Aneninibacillus,

Bacillus, Brevibacillus, and/or Paenibacillus. Excmplary species include but are not limited to

o

Aneurinibacillus aneurinilyticus, Bacillus haynesii, Bacillus licheniformis, Bacillus velezensis,

Brevibacillus panacibumi, Lysinibacillus capsici, Paenibacillus cellulositrophicus.

Example 41: Exemplary composition comprising a plurality of different microbes for the
freatment of crops

[O03855] This example provides an exemplary composition compnising a plurality of different
microbes for the treatment of soil tn which plants are grown, plants, and/or plant parts, for
example crops and grass. The composition comprises microbes from the genera Baciflus,
Lysimibacillus, Rhodococeus, and Streptomyces. The composition may be produced as disclosed
herein, for example in Example 33. Microbes used in the composition are shown in Table 38,
below.
[005856]  The composition may further comprise one or more microbes of the genera
Microbacterium, such as Microbacterivm sp(02979655, for example OATHO0493 comprising a
168 rRNA sequence of SEQ ID No. 374. The composition may further comprise Streploniyces
griseoincarnaius OATHO0412 comprising a 165 (RNA sequence comprising SEQ 1D NQs. 367,
368, and 369.

Table 38 Microbes used in exemplary microbial composition

UsID SEQID Nois} Genus Species ATCL deposit #
CATHODR011 197 Streptomyces toxytricini PTA-127846
OATHO0021 218 Streptomyces echinatu PTA-127836
QATHOO041 238 Streptomyces bikiniensis PTA-127338
CATHODOS 1 250 Streptomyces rochei PTA-127844
OATHOO053 3581 Streptomyces rochei PTA-127844
OATHOD0R1L 292 Streptomyces rochei PTA-127846
OATHOO0R21 198 Streptomyces bikiniensis PTA-127839
CATHOO103 208 Streptomyces sennicomposti PTA-127849
CATHOO241 212 Streptomyces sennicomposti PTA-127845
OATHD0252 348 Streptomyces misionensis PTA-127841
QOATHO0253 2413 Streptomyces nisionensis PTA-127842
CATHOO261 214 Streptomyces murinus PTA-127843
OATHO0262 350 Streptomyces murings PTA-127843
CATHOD263 351 Streptomyces murinus PTA-127843
OATHO0221 215 Streptomyces griseoaurontiacus PTA-127841
CATHOO0292 217 Streptomyces griseoaurantiocus PTA-127841
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UsiD SEQ D No{s} Genus Species ATCC deposit #
OATHOO313 220 Streptomyces baciflori PTA-127838
OATHO0322 224 Streptomyces echinatus PTA-127837
OATHO0343 357 Streptomyces achromogenes PTA-127836
OATHOO351 358 Streptomyces olivaceus PTA-127846
OATHOO0352 226,227,360 Streptomyces olivaceus PTA-12784%
OATHOD353 228 Streptomyces rachei PTA-127846
OATHOO371 361 Streptomyces antibioticus PTA-127838
QOATHO0373 230 Streptomyces antibioticus PTA-127837
OATHOO375 233 Streptomyces antibioticus PTA-127838
OATHO0392 236 Streptomyces baciflari PTA-127838
OCATHOD413 241 Streptomyces misionensis PTA-127842
OATHO0421 243 Streptomyces misionerisis PTA-127842
OATHO0422 244 Streptomyces misionensis PTA-127842
OCATHOD423 245 Streptomyces misionensis PTA-127842
OATHO0492 248 Streptomyces misionersis PTA-127843
OATHOOR62 252 Streptomyces murinus PTA-127843
CATHOO563 253 Streptomyces murinus PTA-127843
OATHOO571 254 Streptomyces misionensis PTA-127843
OATHOOG0L 256 Streptomyces achromogenes PTA-127837
OATHO0661 262,263 Streptomyces chartreusis PTA-127837
OATHOO0741 268 Streptomyces misionensis PTA-127843
CATHOD80L 270 Streptomyces giobosus PYA-127840
OATHDOOB23 271 Streptomyces murings PTA-127843
OATHOO851 272 Streptomyces echinatus PTA-127837
CATHO08S32 396, 395,387 | Lysinibocifius sphaericus PTA-127847
OATHO0923 399 Rhodococcus erythropolis PTA-127834
CATHOD961 277 Streptomyces misionensis PTA-127843
OATHO1002 278 Streptomyces misionensis PTA-127837
QATHO1081 280 Streptomyces toxylricing PTA-127846
OCATHO1102 307 Streptomyces musisoli PTA-127835
OATHO1201 286 Streptomyces sennicomposti PTA-127846
QATHO1241 287 Streptomyces misionensis PTA-127843
CATH01242 317 Streptomyces achromogenes PTA-127835
QATHO1253 321 Streptomyces murinus PTA-127836
OCATHO1261 290 Streptomyces achromogenes PTA-127837
OATHO1261 290 Streptomyces achromogenes PTA-127837
QATHO1262 231 Streptomyces achromogenes PTA-127837
OCATHO1271 326 Streptomyces glohosus PYA-127839
OATHO1273 293 Streptomyces giohosus PTA-127841
QOATHO1283 328 Streptomyces globosus PTA-127839
CATH01292 331 Streptomyces glohosus PTA-127838
OATHO1283 256 Streptomyces globosus PTA-127841
CATH01283 296 Streptomyces globosus PTA-127841
OATHO1301 257 Streptomyces giobosus PTA-127841
QATHO130G2 298 Streptomyces globosus PTA-1273841
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UsiD SEQ D No{s} Genus Species ATCC deposit #
OATHOL303 299 Streptomyces globosus PTA-127841
OATHO1312 336 Streptomyces globosus PTA-127840
OATHO1313 338 Streptomyces globosus PTA-127840
OATHO1341 342 Streptomyces globosus PTA-127840
OATHO1351 343 Streptomyces giobosus PTA-127840
OATHO1352 344 Streptomyces gichosus PTA-127840
OATHO1332 201 Baciflus velizensis PTA-127848
QATHO1401 202 Streptomyces bikiniensis PTA-127838
[00357]  The composition may further comprise one or more microbes of the genera

Aneurinibacillus, Brevibacillus, Microbacterium, and/or Paenibacilius. Exemplary species
include but arc vot linuted to Aneurinibaciiius anevurinilyticus, Bacillus haynesii, Bacillus
licheniformis, Brevibacillus panacihmmi,| Lysinibacillus capsici, Microbacterium azadirachiae,
Microbacterium oxydons, Paenibacillus cellidositrophicus, Paenibacillus thailandensis,

Streptoniyoes enrythermus, and Streptoniyces griseostraniineus.

Example 42: Exemplary composition comprising a plarality of different microbes
j00558]  This example provides an excruplary composition comprising a plurality of different
nuecrobes for the treatment of soil in which plants are grown, plants, and/or plant parts, for
example crops and grass. The composition comprises microbes from the genera Baciflus,
Lysinibacilius, Microbacterium, Rhodococcus, and Streptopyces. The composition may be
produced as disclosed herein, for exanple in Example 33. Microbes used in the corposition are
shown in Table 39, below.

Table 39 Microbes used in exemplary microbial composition

usin SEQ D Nois} Genus Species ATCC deposit #
OATHO0342 357 Streptomyces achromogenes PTA-127836
OATHO0483 247 Microbocterium paraoxydans FTA-127834
QATHO0892 396, 395, 397 Lysinibacitius sphaericus PTA-127847
OATH00923 399 Rhodococcus erythropoiis PTA-127834
OATHO1253 321 Streptomyces murinus PFTA-127836
OATH31261 250 Streptomyces achromogenes PTA-127837
OATHO1271 326 Streptomyces globosus FTA-127839
OATHO1293 256 Streptomyces globosus PTA-127841
OATHU1382 201 Bacilius velizensis PTA-127848
OATHO1383 200 Bacillus vefizensis PTA-127848
[00559]  The composition may further comprise one or more microbes of the genera

Microbacterium. such as Microbacterium spl02979653, for example OATHO0493 comprising a

20 168 rRNA sequence of SEQ I3 No. 374,
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{00560}

Aneurinibacilius, Brevibacillus, and/or Paenibacillus. Exemplary species include but are not

The composition may further comprise one or more microbes of the genera

footted to Anenrinibacilius oneurinilvticus, Bacillus haymesii, Bacillus licheniformis, Bacillus
velezensis, Brevibaciflus panacihumi, Lysinibacillus capsici, Micrebacterium azadivachiae,

Microbacterium oxydans, Paenibacillus cellulositrophicus, and Paenibacillus thailandensis.

Example 43: Exemplary composition comprising a plurality of different microbes for the
treatment of trees, for example forest trees
{60361}

microbes for the treatment of soil in which plants are grown, plants, and/or plant parts, for

This example provides an exemplary composition comprising a plurality of different

example trees. The composition comprises microbes from the genera Lvsinibacillus,
Microbacterium, Rhodococcus, and Strepiomyces. The composition may be produced as
disclosed herein, for example in Example 33, Microbes used in the composition are shown in
Table 40, below.

Table 40 Microbes vsed in exemplary micrebial composition

USID SEQ ID Neis} Genus Species ATCC deposit #
OATHO00S51 250 Streptomyces roachef PTA-127244
OATHO0052 261 Streptomyces rochei PTA-127844
CATHO0053 381 Streptomyces rochei PTA-127844
OATHO0223 211 Streptomyces misionensis PTA-127842
QATHO0252 348 Streptomyces nyisionensis PTA-127841
OATHO0253 213 Streptomyces misionensis FTA-127842
OATHO0312 219 Streptomyces baciflari PTA-127838
OATHO0313 220 Streptomyces baciffari PTA-127838
QATHOU292 236 Streptomyces baciifari PTA-127838
OATHO0413 241 Streptomyces niisionersis PTA-127842
CATHO0421 243 Streptomyces misionensis PTA-127842
OATHO0422 244 Streptomyces misionensis PTA-127842
QATHO0423 245 Streptomyces nyisionensis PTA-127842
OATHO0483 247 Microhacterium paraoxydans PTA-127834
OATHO0491 373 Streptomyces misionernsis PTA-127841
OATHOOS71 254 Streptomyces misionensis PTA-127843
OATHO0801 270 Streptomyces globosus PTA-127840
OATHO08S1 284 Streptomyces niisionersis PTA-127842
OATHO08S2 393, 395, 397 Lysinibaciflus sphaoericus PTA-127847
QATH{0923 359 Rhodococcus erythropolis PTA-127834
QATHO0961 277 Streptomyces nyisionensis PTA-127843
OATHO1261 280 Streptomyces achromogenes PTA-127837
OATHU1271 326 Streptomyces glohosus PTA-127833
OATHO1273 293 Streptomyces globosus PTA-127841
OATHO1294 330 Streptomyces globosus PTA-127839
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Usio SEQ D Nois} Genus Species ATCC deposit #
OATHO1301 297 Streptomyces globosus PTA-127841
OATHO1341 342 Streptomyces globosus PTA-127840
OATHO1351 343 Streptomyces globosus PTA-127840
[00862] The composttion may further comprise one or more microbes of the genera Bacillus,

Paentbacillus, Pisolithus, Rhizopogon, and/or Scieroderma. Exemplary species include but are

not hmited to Bacillus haymesii, Bacillus licheniformis, Bacilius velezensis, Paenibacilius

celhddositrophicus, Pisolithus finctorius, Rhizopogon hiteolus, and Scleroderma citvimom.,

Example 44: Exemplary composition comprising a plurality of different microbes for the

{reatment of trees, for example forest trees

[00363]

This example provides an exemplary composition comprising a plurality of different

muicrobes for the treatment of soil in which plants are grown, plants, and/or plant parts, for

example trees. The composition comprises microbes from the genera Microbacrerim,

Rhodococcus, and Strepiomyees. The composition may be produced as disclosed herein, for

example in Example 33.

Microbes used in the composition are shown i Table 41, below.

Table 41 Microbes used in exemplary microbial composition

USID SEQLID Nois) Genis Species ATCC deposit #
OATHO0041 239 treptomyces bikiniensis PTA-127339
OATHO0051 250 Streptomycas rochet PTA-127844
OATHOO0S2 261 Streptomyces rachei PTA-127844
OATHO0053 381 Strepiomyces raochei PTA-127844
OATHOO091 188 Streptomyces bikiniensis PTA-127839
QATHON144 209 Streptomyces grisecincarnatus PTA-127841
GATHO0223 211 Streptomyces misionensis PTA-127842
OATHO0252 348 Streptomyces misionensis PTA-127841
OATHO0253 213 Streptomyces misionensis PTA-127842
OATHOG261 214 Streptomycas murinus PTA-127843
QATHOD262 350 Streptomyces murinus PTA-127843
QOATHD0263 351 treptomyceas murinus PTA-127843
OATHO0264 349 Streptomyces murinus PTA-127843
OATHO0312 219 Streptomyces baciltari PTA-127838
OATHOOR13 220 Streptomyces bacillarni PTA-127838
OGATHO0221 222 Streptomyces grisegincarnatuis PTA-127836
OATHO0343 357 Streptomyces achromogenas PTA-127836
QOATHO0392 236 Streptomyces bacilari PTA-12783%8
QATHOR421 243 Streptomyces misionensis PTA-127842
QOATHD0422 244 treptomycas misionensis PTA-127842
OATHO0423 245 Streptomyces misionansis PTA-127842
OATHO0483 247 Microbacterium paraoxydans PTA-127834
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USID SEQ D No{s) Genus Species ATCC deposit #
COATHO0491 373 Streptomycas misionansis PTA-127841
OATHOUS562 252 Streptomyces murinus PTA-127843
OATHO0563 253 Streptomyces raurinus PTA-127843
OATHO0R23 271 Streptomyces murinus PTA-127843
OATHO0923 359 Rhodococcus erythropolis PTA-127834
OATHDOS61 277 treptomyces misionensis PTA-127843
OATHO1261 280 Streptomycas achromogenes PTA-127837
OATHO1271 326 Streptomyces globosus PTA-127835
QOATHO1273 293 Strepiomyces globosus PTA-127841
OATHO1201 297 Streptomyces globosus PTA-127841
OATHO1341 342 Streptomyces globosus PTA-127840
OATHO1401 202 Streptomycas bikiniensis PTA-12783%

{00564] The composition may further comprise one or more microbes of the genera

Microbacterinm, such as Microbacterium sp002979655, for example OATHO0493 comprising a
168 rRNA sequence of SEQ 1D No. 374,

[00565]

The composition may further comprise one or more microbes of the genera

Aneurinibacilius, Bacillus, Brevibacillus, Lysinibacillus, Paemibacillus, Pisolithus, and/or

Rhizopogon. Exemplary species mclude but are not litted to Anewrinibacilius aneurinifyticus,

Bacillus licheniformis, Bacilius velezensis, Brevibacillus panacihumi, Lysintbacillus capsici,

Lysinibacillus sphaericus, Paenibacillus celiulositrophicus, Pisolithus tinciorius, Rhizopogon

amyiopogon, Rhizopogon fillvigled

v, Rhizopogon lutectus, and Rhizopogon villosullus.
: OE . o8

Example 45: Exemplary composition comprising a plarality of different microbes

[00566]

This example provides an exemplary composition comprising a plurality of different

nucrobes for the treatment of soil 1o which plants are grown, plants, and/or plaot parts, for

example crops and grass. The composition comprises microbes from the genera Areurinibacillus,
!

Microbacterium, Pseudomonas, Rhodococcus, and Streptomyces. The composition may be

produced as disclosed herein, for exanple in Example 33. Microbes used i the composition are

shown in Table 42, below.

Table 42 Microbes used in exemplary microbial composition

UsSID SEQ D Nofs} | Genus Species ATCC deposit #
QATHO0011 197 Streptomyces toxytricin PTA-127846
OATHOG021 216 Streptomyces echinatu PTA-127836
QATHO0041 238 Streptomyces nikiniensis PTA-127833
GATHO0051 250 Streptomyces rochel PTA-127844
OATHOOOS3 381 Streptomyces rochei PTA-127844
QATHO0081 292 Streptomyces rochei PTA-127846
OATHOG0S1 188 Streptomyces bikiniensis PTA-12783%
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USiD SEQ D No{s} | Genus Specias ATCC deposit #
OATHO0102 304, 305 Psuedomonas £ paraoanis PTA-127844
QATHO0103 208 Streptomyces sennicomposti PTA-12784%
OATHOG241 212 Streptomyces sennicomposti PTA-127845
OATHO0252 348 Streptomvees misionensis PTA-127841
OATHO0253 213 Streptomyces misionensis PTA-127842
OATHO0261 214 Streptomyces murinus PTA-127843
QATHO0262 350 Streptomyces murinus PTA-127843
OATHDGZ63 351 Streptomyces murinus PTA-127843
OATHU0291 215 Streptomyvees grisecaurantiocus PTA-127841
QATHO0282 217 Streptomyces grisecaurantiacus PTA-127841
OATHO0312 218 Streptomyces baciliari PTA-127838
OATHO0313 220 Streptomyces haciliari PTA-127838
OATHO0R22 224 Streptomyces echinatus PTA-127837
OATHO0343 357 Streptomyces achromogenes PTA-127836
OATHO0351 358 Streptomyces olivaceus PTA-127846
OATHO0352 226,227,360 | Streptomyces olivaceus PTA-127846
OATHO0371 361 Streptomvees antibioticus PTA-127838
QATHO0373 230 Streptomyces antibioticus PTA-127837
OATHOC37S 233 Streptomyces antibioticus PTA-127838
QATHO0352 236 Streptomyces hacillari PTA-127838
OATHD0413 241 Streptomyces misionensis PTA-127842
OATHO0421 243 Streptomyies misicnensis PTA-127842
GATHO0422 244 Streptomyces misionensis PTA-127842
OATHOG423 245 Streptomyces misionensis PTA-127842
OATH(0483 247 Microbacterium pargoxydans PTA-127834
GATHO0482 248 Streptomyces misionensis PTA-127843
OATHOO562 252 Streptomyces murinus PTA-127843
QATHO0563 253 Streptomyces murinus PTA-127843
OATHOCE0L 256 Streptomyces achromogenes PTA-127837
OATHO06E1L 262,263 Streptomyces chartreusis PTA-127837
QATHOO741 268 Streptomyces misionensis PTA-127843
OATHOO801 270 Streptomyces globosus PTA-127840
OATHU0823 271 Streptomvces murinus PTA-127843
OATHO0851 272 Streptomyces echinatus PTA-127837
OATHO0923 3389 Rhodococcus erythropolis PTA-127834
QATHO0961 277 Streptomyces misionensis PTA-127843
OATHO1081 280 Streptomyces toxytricini PTA-127846
OATHO1102 307 Streptomyces musisoli PTA-127835
GATHO1201 286 Streptomyces sennicomposti PTA-127846
OATHO1241 287 Streptomyces misionensis PTA-127843
OATHU1242 317 Streptomvees achromogenes PTA-127835
OATHO1243 319 Streptomyces eurythermus PTA-127835
OATHO1253 321 Streptomyces murinus PTA-127836
QATHO1261 290 Streptomyces achromogenes PTA-127837
OATHD1261 280 Streptomyces achromogenes PTA-127837
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USiD SEQ D No{s} | Genus Specias ATCC deposit #
OATHB1262 281 Streptomyces achromogenes PTA-127837
QATHO1273 293 Streptomyces globosus PTA-127841
CATHO1281 234 Aneurinibaciltus aneurinifyticus PTA-127832
OATH01292 331 Streptomyces globosus PTA-127833
(OATHO1283 296 Streptomyces globosus PTA-127841
OATHG1293 286 Streptomyces globosus PTA-127841
OATHU1284 330 Streptomyces globosus PTA-127838
OATHO1301 287 Streptomyces globosus PTA-127841
OATHU1302 208 Streptomyvees globosus PTA-127841
OATHO1303 299 Streptomyces globosus PTA-127841
OATHO1311 335 Streptomyces giobosus PTA-127840
OATHO1312 336 Streptomyces globosus PTA-127840
OATHO1313 338 Streptomyces globosus PTA-127840
OATHO1341 342 Streptomyces globosus PTA-127840
QOATHO1351 343 Streptomyces giobosus PTA-127840
OATHO1352 344 Streptomyces globosus PTA-127840
OATH01401 202 Streptomyces bikiniensis PTA-127833

{00567] The composition may further comprise Strepiomyces grisecincarnatus GATH(0412
comprising a 168 rfRNA sequence comprising SEG 1D NOs. 367, 368, and 369,

[00368]  The composition may further comprise one or more microbes of the genera Bacillus,

(¥4

Lysinibacillys, and/or Paenibacilius. Exemplary species include but are not limited to Bacilius
licheniformis, Bacilius velezensis, Lysinibacillus capsici, Microbacterium oxydans, Paenibacillus
cellulositrophicus, Paenibacillus thailandensis, Streptomyees eurvthermus, and Streptomyces

griseosiramineus.

10 Example 46: Exemplary composition comprising a plurality of different microbes
[00569]  This example provides an excraplary composition comprising a pluratity of different
nmucrobes for the treatment of soil 1o which plants arc grown, plants, and/or plant parts, for
example crops and grass. The composition comprises microbes from the genera Arewrinibacillus,
Bacillus, Microbacterium, Pseudomonas, Rhodococcus, and Strepromyces. The composition may
15 be produced as disclosed herein, for example in Example 33. Microbes used in the composition
are shown in Table 43, below.
[00570]  The composition may further comprise one or more microbes of the genera
Microbacteriym, such as Microbacterinm sp02879653, for example OATHOO493 comprising a
168 rRNA sequence of SEQ ID No. 374. The composition may further comprise Strepfomyces
20 grisecincarnaius QATHO0412 comprising a 168 t(RNA sequence comprising SEQ 1D NOs. 367,
368, and 368,
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LISID SEQ 1D Mo{s} Genus Species ATCC deposit 8
OATHOO011 187 Streptomyces toxytricini PTA-127846
OATHO0021 216 Streptomyces echinatu PTA-127836
CGATHO0041 238 Streptomyces bikiniensis PTA-127839
OATHOODS1 250 Streptomyces rochei PTA-127844
QATHO0053 381 Streptomyces rochei PTA-127844
OATHOGO81 252 Streptomyces rochei PTA-127846
OATHO0091 198 Streptomyces hikiniensis PTA-127833
OATHDC102 304, 30% Psuedomonas_E paracanis PTA-127844
OATHO0103 208 Streptomyces sennicomposti PTA-12784%
OATHO0241 212 Streptomyces sennicomposti PTA-127845
OATHO0252 348 Streptomyces misionensis PTA-127841
OATHO0253 213 Streptomyies misichensis PTA-127842
OATHDOZ61 214 Streptomyces murinus PTA-127843
OATHOG262 350 Streptomyces musinus PTA-127843
OATHO0263 351 Streptomveces murinus PTA-127843
OATHO02381 215 Streptomyces grisecaurantiacus PTA-127841
OATHO0292 217 Streptomyces griseocaurantiocus PTA-127841
QATHO0312 218 Streptomyces baciifari PTA-127838
OATHO0313 220 Streptomyces bacitiari PTA-127838
OATHO0322 224 Streptomyces echinatus PTA-127837
OATHO0R43 357 Streptomyces achromogenes PTA-127836
OATHOO351 358 Streptomyces olivaceus PTA-127846
OATHU0352 226, 227,360 | Streptomices olivaceus PTA-127846
OATHOG371 361 Streptomyces antibioticus PTA-127838
OATHO0373 230 Streptomyces antibioticus PTA-127837
GATHO037S 233 Streptomyces antibioticus PTA-127838
OATHO0392 236 Streptomyces baciliari PTA-127838
OATHO0413 241 Streptomyies misichensis PTA-127842
OATHO0421 243 Streptomyces misionensis PTA-127842
OATHO0422 244 Streptomyces misichensis PTA-127842
QATHO0423 245 Streptomyces misionensis PTA-127842
OATHD0483 247 Microbacterium paraoxydans PTA-127834
OATHO0492 248 Streptomyces misionensis PTA-127843
QATHO0562 252 Streptomyces murinus PTA-127843
OATHOG563 253 Streptomyces murinus PTA-127843
OATHO0601 256 Streptomyces achromogenes PTA-127837
GATHO0G61 262,263 Streptomyces chartreusis PTA-127837
OATHOO741 268 Streptomyces misicnensis PTA-127843
QOATHOOS801 270 Streptomyces globosus PTA-127840
OATHDGB23 271 Streptomyces murinus PTA-127843
OATHO0851 272 Streptomyces echinatus PTA-127837
OATHO0923 399 Rhodococcus erythropolis PTA-127334
OATHOGS61 277 Streptomyces misionensis PTA-127843
OATHO1081 280 Streptomyees toxytricini PTA-127846
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USiD SEQ D No{s} | Genus Specias ATCC deposit #
OATHO1102 307 Streptomyces musisoli PTA-127835
QATHO1201 286 Streptomyces sennicomposti PTA-127846
OATHOL1241 287 Streptomyces misionensis PTA-127843
OATHO1242 317 Streptomvees achromogenes PTA-127835
OATHO1243 319 Streptomyces eurvthermus PTA-127835
OATHO1253 321 Streptomyces murinus PTA-127836
QATHO1261 290 Streptomyces achromogenes PTA-127837
OATHD1261 280 Streptomyces achromogenes PTA-127837
OATHU1282 281 Streptomyvees achromogenes PTA-127837
OATHO1271 326 Streptomyces globosus PTA-12783¢
OATH01273 293 Streptomyces giobosus PTA-127841
OATHU1281 294 Aneurinibacilius aneurinifyticus PTA-127833
OATHO1282 331 Streptomyces globosus PTA-12783%
OATHG1293 286 Streptomyces globosus PTA-127841
QATH(1293 296 Streptomyces giobosus PTA-127841
OATHO1294 330 Streptomyces globosus PTA-12783%
OATHU1301 297 Streptomvees giobosus PTA-127841
QATHO1302 298 Streptomyces globosus PTA-127841
OATHO1303 288 Streptomyces globosus PTA-127841
QATHO1311 335 Streptomyces globosus PTA-127840
OATHO1312 336 Streptomyces globosus PTA-127840
OATHO1313 338 Streptomyces globosus PTA-127840
OATHO1341 342 Streptomyces globosus PTA-127840
OATHO1351 343 Streptomyces globosus PTA-127840
OATHU1352 344 Streptomveces giobosus PTA-127840
OATHO1382 201 Bacilius velizensis PTA-127848
OATH01383 200 Bacilius velizensis PTA-127848
QATHO1401 202 Streptomyces hikiniensis PTA-127838

{08578]  The composition may further comprise one or more microbes of the genera

Brevibacillus, Lysinibacillus, Microbacierium, and/or Paenibacitlus. Exemplary species inchide

but are not iimited to Aneurinibacilius aneurinilyticus, Bacillus haywesit, Bacillus licheniformis,

Baciilus velezensis, Brevibacilius panacibumi, Lysinibacillus capsic, Lysimibacillus sphaericus,

Microbacterium azadirachtae, Microbacterium oxyvdans, Paenibaciilus cellulositrophicus,

aenthaciilus thailandensis, Streptomyces eurythermus, Streptopiyces grisecincarnatis, and

Strepiomyces griseostraminens.

Example 47: Isolation and characterization of soil bacteria

[00572]

Sotl Samaple Collection and Preparation: (1) Collect approximately -2 grams of soil

from the desired location; {2) Remove large debns (e.g., rocks, roots) by sieving or manually

sorting through the soil.




10

[y
0

WO 2025/097154 PCT/US2024/054441

{00573]  Soif Suspension Preparation: (1) Add the sotl sample to a sterile tube containing 9 mL
of sterile saline solution {0.85% NaCl) or phosphate-buffered saline (PBS); (2) Voriex the tube
for 2-3 minutes to release bacteria into the solution.
[00574]  Sertal Dilution: (1} Prepare a series of ten-fold sertal ditutions by transferring 1 mL of
the soil suspension into a tube with 9 mL of stenile saline; (2) Repeat the dibution for soveral
steps {e.g., 1073 to 107-6) to obtain a range of bactenal concentrations.
[00575]  Plating and Incubation: (1) Plate 100 pb of cach dilution onto nutrient agar or another
general-purpose agar medium {e.g., LB agar); (2} Spread the noculum evenly using a sterile
spreader; {3) Incubate the plates at 25-30°C {ambient sotl bacteria) or 37°C ({for potentially
human-~related microbes) for 24-48 hours.
[005876]  Colony Sclection: {1} After incubation, select well-isolated bacterial colonies of
interest for further studies; {2) Streak each colony onto fresh agar plates to obtain pure cultures.
{00577} Preparation of Glyeerol Stocks: (1) Culture Preparation; (1a) Inoculate a single,
isolated colony into a tube containing 3-5 mb of hiquoid mutrient broth {(e.g., LB broth); {1b}
Incubate the culture at an appropriate temperature (usually 23-37°C) with shaking until i reaches
the exponential growth phase (OD600 of ~0.5-1.0); (2) Mix with Glyeerol; (2a) In a sterile
crvovial, nux the bacterial culture with sterile glycerol to reach a final concentration of 15-20%
glycerol; (2b) For example, mix 0.8 mLb of bacterial culture with 0.2 mL of stenle glycerol (for
20% final concentration); (3) Storage; (3a) Gently mix the glycerod stock by inverting the
cryovial; (3b) Label the cryovial with the bacterial strain name, date, and any other necessary
mformation; (3¢} Store the glveerol stock at -80°C for long-term storage.
{00578]  DNA Extraction {Soil Bacterial DNA Isolation): {1} Soil Sample Collection and
Preparation; {1a) Collect soil samples (1-2 g) from the desired depth; (b} Sieve the soil to
remove large debris and homogenze it; (2) Cell Lysis; (2a) Add soil to a lysis buffer (containing
detergents, salts, and possibly proteinase K) to break open bacterial cell walls; (2b) Use
mechanical distuption methods, such as bead beating, to further lyse cells and release DINA; (3)
DNA Punification; (3a) Cendrifuge the mixture to pellet debris and collect the superoatant
containing DNA; (3b} Use a series of chemical washes and/or silica eolumns to punfy DNA,
removing proteins, polysaccharides, and inhibitors; (4) Elution: (4a} Elute the purified DNA with
a low-salt buffer or water; (4b) Quantify and assess punty {(e.g., via spectrophotometer or
fluorometer) to ensure a clean sample for sequencing,
[00579] DINA Library Preparation Protocol: (1) Fragmentation (If Neaded) - Fragment DNA
to a suitable length {c.g., 200-300 bp) if ¢ 151t alrcady fragmented, using cither enzymatic
treatment or mechanical shearing {e.g., sonication}; {23 End Repair and A-Tailing - Treat
fragmented DNA to ensure blant ends, then add adenine (A) overhangs at the 3' end to prepare
-278-
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for adapter ligation; (3} Adapter Ligation - Ligate sequencing adapters compatible with your

sequencing platform to the DNA ends; (4) Size Sclection and Cleanup; (4a) Perform size

selection using beads or gel electrophoresis to target the desired DNA fragment length: (4b)

Clean up the htbrary to remove execess adapters and small DNA fragments; (5) PCR

Amplification {Optional) - Amplify the library to curich for adapter-ligated fragments

(depending on the input DNA guantity); (5) Quality Control - Quantify and assess library quality

{(using Bioanalyzer or similar) to ensure i meets scquencing requirements.

[00580]

shown in Table 44, below:

Exemplary Strains isolated and characterized using the above-mentioned protocol are

Table 44 Exemplary sirains isolated and characterived

Usin SEQID Nofs} | Genus Spacies ATCC deposit #
OATHO1431 458 Pseudomonas_K oryzae PTA-127249
OATHO1441 473 Baciflus A thuringiensis K PTA-127847
OATHO1451 480, 481 Priestia aryabhattoi PTA-127850
COATHO1461 482 Pseudomonas K Qryzae PTA-127848
OATHO1471 484, 483 Baciflus_| endophytica_A PTA-127847
QOATH01481 485, 486 Baciflus | endophytica A PTA-127847
OATHO14581 487 Baciilus safensis PTA-127848
OATHO1501 488 Cupriavidus laharis PTA-127850
OATHO1511 444 Baciflus subtilis PTA-127848
OATHO1521 445, 446 Baciflus | endophytica A PTA-127847
OATHO1531 447 Priestia aryabhattai FTA-127850
OATHO1541 448 Priestio aryabhattai PTA-127850
OATHO1551 4438, 450 Priestia aryabhattof PTA-127850
OATHO1561 451 Bacifius subtifis PTA-127848
OATHOL571 452 Arthrobacter siccitolerans PTA-127834
QATHO1591 455 Arthrobacter nitrophenolicus PTA-127834
OATHO1601 457, 458, 456 | Pseudomonas delhiensis PTA-12784%
OATHO161L 460, 461 Bacillus safensis PTA-127847
OATHO1621 462 Bacilfus inaqGuUOSorum FTA-127347
OATHO1631 463 Baciflus subtilis PTA-127848
OATHO1641 464, 465 Bociffus_§ endophvtica_A PTA-127847
OATHO1651 465 Pseudomonas defhiensis PTA-127849
OATHO1661 467 Peribacillus frigoritolerans A PTA-127849
OATHO1671 468, 469 Arthrobacter pascens PFTA-127834
OATHO1681 470 Bacillus subtiiis PTAa-127848
OATHO1891 471 Peribaciilus Srigoritolerans_ A PTA-127850
OATHO1701 472 Zhihenglivello sp(31178195 PTA-127343
OATHO1711 474,473 Arthrobacter sp19977185 PTA-127834
OATHO1721 475 Arthrobacter sp(321129155 PTA-127834
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Usio SEGQ D Nafs} | Ganus Species ATCC deposit §

OATHOL731 476 Arthrobacter sp(21129155 PTA-127834
OATHO1741 477 Peribaciflus frigoritolerans_ A PTA-127850
OATHO1751 478 Baciflus suhtilis PTA-127843
OATHO1761 412 Nonomuragea rhodomycinica PTA-127848
OATHO1771 424 Nocardia farcinica PTA-12784%
OATHOL1781 436 Kocuria turfanensis PTA-127849
OATHO1791 439 Stutzerimonas stutzeri Al PTA-127850
OATHO1801 440 Caidimonas mangrovi PTA-127850
OATHO1811 441 Arthrobacter phenanthrenivorans PTA-127834
OATHO1821 442 Terrimonas undefined PTA-127850
OATHO1831 443 Kocuria polaris A PTA-127849
OATHO1841 402, 401 Friestia aryabhattai FTA-127850
OATHO1851 403 Streptomyces aibogriseclus PTA-127837
QATHO1861 404 Neorhizobium flavum PTA-127850
OATHO1871 405 Kocuria polaris A FTA-127848
OATHO1381 406 Baciflus spizizenii PTA-1278483
OATH(1891 447 Arthrobacter spl06715285 PTA-127834
OATHO1901 408 Kocuria polaris A PTA-127848
OATHO1911 409 Actinoplanes aureus PTA-127849
OATHO1821 410 Neorhizohium petrofearium FTA-127850
OATHO1931 411 Neorhizobium flavum PTA-127850
OATHO1941 413 Neorhizobium flavum PTA-127850
OATHD1951 414 Streptonyces nigra PTA-127844
OATHO1961 415,416 Baciffus ingquosorum PTA-127847
OATHO1971 417 Microvirga sp(22346825 FTA-127348
OATHD1991 419 Baciflus spizizenii PTA-127848
OATHO2001 420 Baciflus spizizenii PTA-127848
OATHO2011 421 Microbispora sp014161445 PTA-127848
OATHO2021 422 rythrobacter spl06542605 PTA-127850
OATHO2031 23 Streptomyces atbogriseolus PTA-127838
OATHO2041 425 Streptomyces aibogrisecius PTA-127838
OATHO2051 426 Streptomyces bobili PTA-12783%
OATHO2061 428,427 Streptomyces griseoruber PTA-127834
OATHO2071 423 Streptomyces spl0a721605 PTA-127846
OATHO2081 430 Streptomyces kurssanovif PTA-127835
OATH02091 431 Streptomyces sp019049245 PTA-127835
OATHO2101 432 Altosphingosinicelia spO11320075 PTA-127850
OATHO2111 433 Mycetocola A miduiensis PTA-127843
OATHD2121 434 Nocardioides undefined PTA-127848
OATHO2131 435 Baciilus paralicheniformis PTA-127847
OATHO2141 437 Streptomyces globosus PTA-127838
OATHO2151 438 Baciflus paralicheniformis PTA-127847
OATHO1581 453, 454 Priestia megaterium

OATHO1981 418 Agromyces sp031178025
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V. Equivalents

[00581]  Throughout the description, where compositions are described as having, including,
or comprising specific components, or where processes and methods are described as having,
including, or comprising specific steps, it is contemplated that, additionally, there are
composttions of the present invention that consist essentially of, or consist of the recited
components, and that there are processes and methods according to the present invention that
consist essentially of, or consist of, the recited processing steps.

{005821  In the application, where an element or component is said to be included in and/or
selocted from a list of recited cloments or components, it should be understood that the element
or component can be any one of the recited elements or components, or the element or
component can be selected from a group consisting of two or more of the recited elements or
COMPONCHts.

{00583]  Further, 1t should be understood that clements and/or features of a composition ora
method described herein can be combined in a variety of ways without departing from the spirit
and scope of the present invention, whether explicit or imphicit herein. For example, where
reference is made to a particular compound, that compound can be used in various embodiments
of compositions of the present invention and/or in methods of the present invention, unless
otherwise understood from the context. In other words, within this application, embodiments
have been described and depicted in a way that enables a clear and concise application to be
written and drawn, but it i3 intended and will be appreciated that embodiments may be variously
combined or separated without parting from the present teachings and mvention{s}. For example,
it will be appreciated that all features described and depicted herein can be applicable to all
aspects of the invention{s) described and depicted herein.

[00384] The terms “a” and “an” and “the” and similar references in the context of describing
the invention {especially in the context of the following claims} are to be construed to cover both
the singular and the plural, unless otherwise indicated herein or clearly contradicted by comtext.
For example, the teom “a cell” includes a plurality of cells, including nuxtures thereof. Where the
plural form is used for compounds, salts, or the like, this is taken to mean also a single
compound, salt, or the hike.

{00885] Tt should be understood that the expression “at least one of” includes mdividually
each of the recited objects after the expression and the various combinations of two or more of
the recited objects unless otherwise understood from the context and use. The expression
“and/or” in connection with three or more rectted objects should be understood to have the same

meamng unless otherwise understood from the context.
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[00586]  The use of the term “include,” “includes,” “imncluding,” “have,” “has,” “having,”
“contam,” “countains,” or “contatning,” including grammatical equivalents thereof] should be
understood gencrally as open-ended and non-limiting, for example, not excluding additional
unrecited elements or steps, unless otherwise specifically stated or understood from the context.
5 [00587F Where the use of the term “about” is before a quantitative value, the present mvention
also 1ncludes the specific quantitative value rtself, unless specifically stated otherwise. As used
heretn, the term “about” refers to a £10% vanation from the nominal value unless otherwise
indicated or inferred.
{00S881 It should be understood that the order of steps order for performing certain actions is
10 immaterial so long as the present invention remain operable. Moreover, two or more steps or
actions may be conducted simultancously.
[00589]  The use of any and all examples, or exemplary language herein, for example, “such
as” or “meluding,” 1s intended merely to tHustrate better the present invention and does not pose

a limitation on the scope of the invention unless claimed. No language in the specification should

[y
0

be constroed as indicating any non-claimed element as essential to the practice of the present
ivention,

[0053908] The invention may be embodied 1o other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments are therefore to be
considered in all respects lustrative rather than limiting on the invention described herein.

20 Scope of the invention is thus indicated by the appended claims rather than by the foregoing
description, and all changes that come within the meamng and range of equuivalency of the clanms

are intended to be embraced therein.
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CLAIMS
WHATIS CLAIMED IS
I A composition comprising one or move Strepomyces microbes, wherein the one or more

Streptopryees microbes comprise a 168 rRNA gene nucleotide sequence that is at least 80, 85, 90,
95, 96, 97, 98, 99, or 99.5 identical, or 100% wdentical, such as at least 95%, preferably at least
96%, more preferably at least $7%, even more preferably at least 98%, still more preferably at
least 99%, vet still more preferably at least 99.5% identical to a nucleic acid sequence of one or
more of SEQ 1D NQs: 68-109, 120-198, 202-209, 211-220, 222-246, 248-230, 252-256, 258-
278, 280, 282-288, 290-293, 296-299, 301-303, 306-322, 326, 328-344, 346-351, 357-373,373-
377,379-392, 394, 398,403, 414, 423, 423-431, and/or 437.

A

2. The composition of claim 1 wherein the one or more Strepfomyces microbes comprise a
165 rRNA gene nucleotide sequence that is at least 80, 83, 90, 93, 96, 97, 98, 99, or 995
identical, or 100% identical, such as at least 95%. preferably at least 96%, more preferably at
least 97%, even more preferably at least 98%, still more preferably at least 99%, vet still more
preferably at least 99.5% 1dentical to a nucleic acid sequence of one or more of 28EQ 1D NOs:
197, 168, 202-209, 211-220, 222-246, 248-250, 252-256, 258-278, 280. 282-288, 280-293, 296-
299, 301-303, 306-322, 326, 328-344, 346-351, 357-373, 375-377, 379392, 394, 398, 403, 414,

423, 425-431, and/or 437.

3. The composition of claim 1 or 2 wherein each microbe is present in a concentration of at
least 10°, 10°, 107, 10%, 10°, or 10'° CFU/gm and/or not more than 10°, 107, 10%, 10°, 10% or 101
CFU/gm, preferably 10°to 10 CFU/gm, more preferably 10%to 10° CFU/gm, yet more
preferably 107 to 10°° CFU/gm. even more preferably 10%to 10°° CFU/gm.

4, The composition of any previous claim comprising microbes of at least 2, 3,4, 5,6, 7, 8,
9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 25, 30, 35, 40, 30, or 60 and/or not more than 3,
4,5,6,7.8.9,10, 11,12, 13, 14, 15,16, 17, 18, 19,20, 22, 25, 30, 35, 40, 50, 60, 70, 80, or 100,
preferably 2-100, more preferably 5-80, even more preferably 5-40, still more preferably 5-30,
vet more preferably 10-80, still vet more preferably 10-70, even more preferably 10-60, yet even

more preferably 10-30 different Streptomyces strains.

5. The composition of any previous claim further comprising one or more non-Strepiomyces

microbes.
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o, The compasition of claim 3 comprising one or more Pseudomonas microbes.

7. The composition of claim 6 wherein the one or more Psendomonas microbes comprise a
168 rRNA gene nucleotide sequence that is at least 80, 83, 90, 95, 96, 97, 98, 99, or 99.5
wdentical, or 100% identical, preferably at least 96%, more preferably at least 97%, cven more
preferably at least 989, still yoore preferably at least 99%, vet still more preferably at least
99.5% identity to a nucleic acid sequence of one or more of SEQ 1D NOs: 281, 304, 3035, 456~

438, 459, 466, and/or 482.

8. The composition of any one of claims § through 7 comprising one or more Microvirga
microbes.
9. The composition of claim 8 wherein the one or more Microvirga microbes comprise 8

168 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 993
identical, or 100% identical, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, still more preferably at least 99%, vet still more preferably at least

99.5% wdentity to a nucleic acid sequence of SEQ ID NG: 417.

i0. The composition of any one of claims 5 through 9 comprising one or more Paenibacillus
nicrobes
11, The composition of claim 10 wherein the one or more Paenibaciling microbes comprise a

168 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.5
identical, or 100% identical, preferably at least 6%, more preferably at least 97%, even more
preferably at least 98%, stll more preferably at loast 99%, vet still more preferably at least

99.59% identity to a nucleic acid sequence of one or more of SEQ 3 NQOs: 199, 323, and/or 393,

12, The composition of any one of claims 3 through 11 comprising one or more Rhodococcus
maicrobes.
13, The composition of claim 12 wherein the one or more Rhiodococeus microbes comprise a

168 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.5

identical, or 100% 1dentical, preferably at least 969, more preferably at least 97%, even more
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preferably at lcast 98%, still more preferably at least 99%, vet still more preferably at feast

99.5% identity to a nucleic acid sequence of SEQ 1D NG: 399,

14.  The composition of any one of claims § through 13 comprising one or more

5 Lysimibacillus microbes.

15, The composition of claim 14 wherein the one or more Lysinibacillus microbes comprise a
165 rRNA gene nucleotide sequence that is at least 80, 85, 90, 05, 96, 97, 98, 99, or 995
identical, or 100% identical, preferably at least 96%, more praferably at least 97%, even more

10 preferably at least 98%, still more preferably at least 39%, vet still more preferably at least

99.5% identity to a nuclete acid sequence of one or more of SEQ 1D NOs: 279, and/or 395-397.

6. The composttion of any one of clams 3 through 13 comprising Actinoplanes vicrobes.,
= g L s

[y
0

17 The composition of claim 16 whercin the one or more Actinoplanes microbes comprise a
168 rRNA gene nucleotide sequence that s at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.5
identical, or 100% identical, preferably at least 96%, more preferably at least 7%, even more
preferably at least 98%, still more preferably at least 99%, vet still more preferably at least

99.5% identity to a nucleic acid sequence of SEQ ID NO: 409,

I8, The composition of any one of claims 3 through 17 comprising Agromyces microbes.

19, The composition of claim 18 wherein the one or more Agromyces nucrobes conprise a
168 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.5

25 ddentical, or 100% tdentical, preferably at least 96%, more preferably at least 97%, cven more
preferably at least 98%, stll more preferably at loast 99%, vet still more preferably at least
99.5% identity to a nuclew acid sequence of SEQ 1D NG 418,
20.  The composition of any one of claims 3 through 19 comprising Allosphingosinicella

30 microbes.

21, The composition of claim 20 wherein the one or more Allosphingosinicella microbes
comprise a 168 rRNA gene nucleotide sequence that is at least 80, 83, 90, 95, 96,97, 98, 99, or

99.5 identical, or 100% identical, preferably at least 96%, more preferably at least 97%, even
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more preferably at least 98%, still more preferably at least 99%, yet still more preferably at least

99.5% identity to a nucleic actd sequence of SEQ 1D NO: 432

22, The composition of any one of claims § through 21 comprising Aneurinibacillus
microbes.
23, The composition of claim 22 wherein the one or more Anenrinibacillus microbes

comprise a 168 (RNA gene nucieotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or
99.5 identical, or 100% identical, preferably at least 96%, more preferably at least 97%, oven
more preferably at least 98%, still more preferably at least 89%, vet still more preferably at least

99.5% identity to a nuclete acid sequence of one or more of SEQ 1D NOs: 294 and/or 327.

24, The composttion of any one of clams 3 through 23 comprising Arthrebacter vicrobes.,
= g L

25, The composition of claim 24 wherein the one or more Arthrobacter microbes comprise a
168 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.5
identical, or 100% identical, preferably at least 96%, more preferably at least 7%, even more
preferably at least 98%, still more preferably at least 99%, vet still more preferably at least
99.5% identity to a nucleic acid sequence of one or more of SEQ 1D NOs: 407, 441, 452, 455,
468, 469, and/or 473-476.

26, The composition of any one of claims 5 through 25 comprising Bacillus microbes.
27, The composition of claim 26 wherein the one or more Bacillus microbes comprise a 168

rRINA gene nacleotide sequence that is at feast 80, 85, 90, 95, 96, 97, 98, 99, or 99 5 identical, or
100% 1dentical, preferably at least 96%. more preferably at feast 97%, even more preferably at
least 98%, still more preferably at least 99%, vet still more preferably at ieast 99.3% identity to a
nucleic acid sequence of one or more of SEQ 1D NGs: 200, 201, 289, 295, 406, 415, 416, 419,
420, 435, 438, 444-446, 431, 460-465, 470, 478, 479, and/or 483-486.

28, The composition of any one of claims S through 27 comprising Brevibacillis microbes.

29, The composition of claim 28 wherem the ane or more Brevibaciilus microbes comprise a
165 rRNA gene nucleotide sequence that 1s at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.5

identical, or 100% identical, preferably at least 96%, more preferably at least 97%, even more
286~
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preferably at lcast 98%, still more preferably at least 99%, vet still more preferably at feast

99.5% identity to a nucleic actd sequence of SEQ ID NO: 300

30.  The composition of any one of claims § through 29 comprising Caldimonas microbes.

31 The composition of claim 30 wheremn the one or more Caldimonas microbes comprise a
168 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 995
identical, or 100% identical, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, still more preferably at least 99%, vet still more preferably at feast

99.5% identity to a nuecleic acid sequence of SEQ ID NQ: 440,

32, 'The composition of any one of claims 5 through 31 comprising Cupriavidus microbes.
33. The composition of claim 32 wherein the one or more Cupriovidus microbes comprise a

168 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 993
identical, or 100% identical, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, still more preferably at least 99%, vet still more preferably at least

99.5% wdentity to a nucleic acid sequence of SEQ ID NQs: 488,

34, The composition of any one of claims 5 through 33 compnising Ervithirobacier microbes.
35, The composition of claim 34 wherein the one or more Ervthrobacter microbes comprise a

168 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 995
identical, or 100% identical, preferably at least 86%, more preferably at least 7%, even more
preferably at least 98%, still more preferably at least 99%, vet still more preferably at least

99.5% identity to a nucleic acid sequence of SEQ 1D NG 422,

36. The composition of any one of claims 5 through 35 comprising Kocuria microbes.

37, 'The composition of claim 36 wherein the one or more Kecuria microbes comprise a 168
rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 99 5 wdentical, or
100% identical, preferably at least 96%, more preferably at least 97%. even more preferably at
least 98%, still more preferably at least 99%, vet still more preferably at least 99.5% identity to a

nucleie acid sequence of one or more of SEQ 1D NQs: 405, 408, 436, and/or 443,
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38 The composition of any one of claims 3 through 37 comprising Microbacterium
microbes.
398 The composition of claim 38 wherein the one or more Micrebacterium microbes

5 comprise a 165 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96,97, 98, 99, or
99.5 identical, or 100% identical, preferably at least 96%, more preforably at least 97%, even
more preferably at least 98%, still more preferably at least 99%, vet still more preferably at least
99.5% identity to a nucleic acid sequence of one or more of SEQ ID NOs: 210, 247, 345, 356,
and/or 374,

10

44. The composition of anv one of claims § through 39 comprising Microbispora microbes.
o & E

41, The composition of claim 40 wherem the ane or more Microbispora raicrobes comprise a

168 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 993

[y
0

identical, or 100% identical, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, still more preferably at least 99%, vet still more preferably at least

99.5% identity to a nucleic acid sequence of SEQ ID NG: 421

42, The composition of any one of claims 5 through 41 comprising Afycerocela microbes.

43, The composition of claim 42 wherein the one or more Mycetocolo microbes comprise a
165 rRNA gene nucleotide sequence that is at least 80, 85, 90, 05, 96, 97, 98, 99, or 993
identical, or 100% identical, preferably at least 96%, more preferably at least 97%, cven more
preferably af least 98%, still more preferably at least 99%, vet still more preferably at least

25 99.5% identity to a nucleic acid sequence of SEQ 1D NG: 433,

44, The composition of any one of claims 3 through 43 comprising Neorhizobium nmicrobes.
45, The composition of claim 44 wherein the one or more Neorfiizobium microbes comprise a

30 168 rRNA gene nucleotide sequence that 15 at least 80, 83, 90, 93, 96,97, 98, 99, or 99.5
identical, or 100% identical, preferably at least 96%, more preferably at least 97%, even more
preferably at least 98%, stull more preferably at least 99%, vet still more preferably at least
99,59 wdentity to a nucleic acid sequence of one or more of SEQ I3 NOs: 404, 410, 411, and/or

413.

-288-



WO 2025/097154 PCT/US2024/054441

46, The composition of any one of claims 3 through 435 comprising Nocardia microbes.
47, 'The composition of claim 46 wherein the one or more Nocardia microbes comprise a 168

rRINA gene nacleotide sequence that is at feast 80, 85, 90, 95, 96, 97, 98, 99, or 99 5 identical, or
3 100% identical, preferably at least 96%. more preferably at feast 97%, even more preferably at
least 98%, still more preferably at least 99%. vet still more preferably at least 99.5% identity to a

nucleic acid sequence of SEQ ID NO: 424

48, The composttion of any one of claims 3 through 47 comprising Necardioides microbes.
10

46, The composition of claim 48 wherein the one or more Nocardioides microbes comprise a

168 rRNA gene nucleotide sequence that is at least 80, 83, 90, 95, 96, 97, 98, 99, or 99.5

identical, or 100% 1dentical, preferably at least 96%, more preferably at least 97%, even more

preferably at least 98%, still more preferably at least 99%, vet still more preferably at least

[y
0

99.5% identity to a nucleic acid sequence of SEQ 1D NO: 434,

50, The composition of any one of claims 5 through 49 comprising Nonomuraea ricrobes.
51 The composition of claim 30 whewrein the one or more Nonemuraea microbes comprise a

20 168 rRNA gene nucleotide sequence that 1s at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.5
identical, or 100% 1dentical, preferably at least 969, more preferably at least 97%, even more
preferably at least 98%, still more preferably at least 99%. vet still more preferably at least

99.5% identity to a nucleic acid scquence of SEQ ID NO: 412,

25 52 The composition of any one of claims § through 31 comprising Peribacillus microbes.
53, The composition of claim 32 wherein the one or more Peribacilius nucrobes comprise a

168 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 995
identical, or 100% identical, preferably at least 96%, more praferably at least 97%, even more
30 preferably at least 98%, still more preferably at least 99%. vet still more preferably at least

99 5% identity to a nucleic acid sequence of one or more of SEQ 1D NGs: 467, 471, and/or 477,

54. The composition of any one of claims 3 through 53 comprising Priessia microbes.
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55, The compasition of claim 54 wheren the one or more Priestia microbes comprise a 165
rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 99.5 wdentical, or
100% identical, preferably at least 96%, more preferably at least 97%, even more preferably at

5 least 98%, still more preferably at least 99%, yet still more preferably at feast 99.5% identitv to a
nucleic acid sequence of one or more of SEQ 1D NOs: 401, 402, 447-450, 453, 454, 480, and/or

481,

36, The composition of any one of claims 5 through 55 comprising Priseimansibacilius

10 microbes.

57. The composition of claim 36 wheren the one or more Pristimantibacilius microbes
57 Th t fol 36 wi th Frist tibacill

comprise a 168 rRNA gene nucleotide sequence that is at least 80, 83, 90, 95, 96,97, 98, 99, or

99.5 identical, or 100% identical, preferably at least 96%, more preferably at least 97%, even

15 more preferably at least 98%, still more preferably at feast 99%, yet still more preferably at least
99.5% identity to a nucleic actd sequence of SEQ 1D NO: 324,
58, The composition of any one of claims § through 57 comprising Srenofrophomonas
microbes.

20
39, The composition of claim 38 wherein the one or more Stenotrophomonas microbes

comprise a 168 fRNA gene nucieotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or
99.5 identical, or 100% dentical, preferably at least 96%, more preferably at least 97%, even
more preferably at least 98%, still more preferably at least 99%, vet still more preferably at least

25 99.5% identity to a nucleic acid sequence of one or more of SEQ 1D NQOs: 310-314.

60. The composition of any one of claims 3 through 59 comprising Stuizerimonas microbes.
61, The composition of claim 60 wherein the one or more Stuizerimonas mucrobes comprise a

30 168 rRNA gene nucleotide sequence that 15 at least 80, 853, 90, 95, 96,97, 98, 99, or 99.5
identical, or 100% identical, preferably at least 96%, more preferably at least 97%, even more
Q7

preferably at least 98%, still more preferably at least 99%, yet still more preferably at least

99,59 wdentity to a nucleic acid sequence of SEQ 1D NG: 439,

35 62 The composition of any one of claims 3 through 61 comprising Terrimonas microbes.
-260-
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63, The compasition of claim 62 wherein the one or more Terrimonas microbes comprise a
168 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 98, 99, or 995
identical, or 100% identical, preferably at least 86%, more preferably at least 97%, even more
preferably at least 98%, still more preferably at least 99%, yot still more preforably at least

99.5% identity to a nucleic acid sequence of SEQ 1D NG 442,

64.  The composition of any one of claims 5 through 63 comprising Zhifenglinelia microbes.
65, The composition of claim 64 wherein the one or more Zhihenglivelln microbes comprise

a 165 rRNA gene nucleotide sequence that is at least 80, €3, 90, 95, 96, 97, 98, Y9, 0r 99.5
identical, or 100% identical, preferably at least 96%, more preferably at least 97%, cven more
preferably at least 989, still more preferably at least 99%, vet still more preferably at least

99.5% identity to a nucleic acid sequence of SEQ 1D NO: 472

66, The compasition of any one of the previous clamms wherein two or more of the microbes

are heterclogous to cach other.

67. A composition comprising atleast 2, 3,4, 5. 6,7, 8.9, 10, 11,12, 13, 14, 15, 16,17 18,
19,20, 22, 25,30, 35, 40, 30, or 60 and/or not more than 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16,17, 18, 19,20, 22, 25, 30, 35, 40, 50, 60, 70, 80, or 100, preferably 2-100, more preferably 5-
80, even more preferably 5-40, still more preferably 3-30. yet more preferably 10-80, still vet
more preferably 10-70, even more preferably 10-60, vet even more preferably 10-30 different

strains of Mrepfoniyees microbes.

68.  The composition of claim 67 wherein the strains of the Streptonyces microbes comprise
atleast2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 25, 30, 35, 40, 50, or 60
and/ornot more than 3, 4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 25, 30, 35,
40, 50, 60, 70, 80, or 100, preferably 2-100, more preferably 5-80, even more preforably 3-40,
still more preferably 5-30, vet more preferably 10-80, still yet more preferably 10-70, even more

preferably 10-60, yet even more preferably 10-30 different strains shown in Table 2A.

69. The composition of claim 67 or 68 further comprising one or rore non-Strepfomyees

microbes.

-251-



WO 2025/097154 PCT/US2024/054441

70, The composition of any one of claims 67 through 69 wherein the one or more non-
Streptomyees microbes comprise a Pseudomonas, Microvirga, Paenibacillus, Rhodococeus,
Lysinibacillis, Actinoplanes, Agromyces, Allosphingosinicella, Aneurinibacillus, Arthrobacter,
Bacillus, Brevibacitlus, Caldimonas, Cupriavidus, Ervihrobacter, Kocuria, Microbacterium,
5 Microbispora, Mvcetocola, Neorhizobium, Nocardia, Nocardioides, Nonomuraea, Peribacillus,
FPriestia, Pristimantibacilius, Stenowrophomonas, Stutzerimonas, Tervimonas, or Zhihenglivella

microbe, or a combination thereof.

71, The composition of claimm 70 wherein the one or more non-Strepfomyces microbes

10 comprise one or more Pseudomonas microbes.

72, 'The composition of claim 70 or 71 comprising a AMicrovirga microbe.
73. The composition of any one of claims 70 through 72 wherein the one or more non-
1§ Strepromyces mucrobes comprise one or more Paenibaciilus microbes.
74, The composition of any one of claims 70 through 73 wherein the one or more non-
Strepiomyces microbes comprise one or more Rhodococcus microbes.
20 75 The composition of any one of claims 70 through 74 wherein the one or more non-
Streptomyces microbes comprise one or more Lvsinibacillus microbes.
75, The composition of any one of claims 70 through 75 wherein the one or more non-
Streptomyees microbes comprise one or more. Actinoplanes microbes.
25

77. The composition of any one of ¢laims 70 through 76 through wherein the one or more

non-Streptomyces microbes comprise one or more 4gromyces microbes.

78.  The composition of any one of claims 70 through 77 wherein the one or more non-

30 Streptomyees nucrobes coraprise one or more Allesphingosinicella microbes,

79.  The composition of any one of claims 70 through 78 wherein the one or more non-

Streptomvees microbes comprise one or more Aneurinibacillus microbes.
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%0.  The composition of any one of claims 70 through 79 wherein the one or more non-

Streptomyces nucrobes comprise one or more Arthrobacter microbes.

81.  The composition of any one of claims 70 through 80 wherein the one or more non-

Streptomyces microhes comprise one of more Sacilius microbes.

82. The composition of any one of claims 70 through 81 wherein the one or more non-
Streptomyces microbes comprise one or more Brevihacillus microbes.
3. The composition of any one of claims 70 through 82 wherein the one or more non-

Streptomyces microbes comprise one or more Caldimonas microbes.

84. The composition of any one of claims 70 through 83 wherein the one or more non-

Streptomyces microbes comprise one or more Cupriavidus microbes.

85, The compasition of any one of claims 70 through 84 wherein the one or more non-

Streptomyees nucrobes comprise one or more Arythrobacier microbes.

86. The composition of any one of claims 70 through 85 wherein the one or more non-

Streptomycees microbes comprise one or more Kocuria microbes.

87.  The compaosition of any one of claims 70 through 86 wherein the one or more non-

Streptomyees nucrobes comprise one or more Microbacterium microbes.

88.  The composition of any one of claims 70 through 87 wherein the one or more nop-

Streptomyees microbes comprise one or more Microbispora microbes,

49, The composition of any one of claims 70 through 88 wherein the one or more non-

7

Streptomyces microbes comprise one or more Mycefocola microbes.

90.  The composition of any one of claims 70 through 89 wherein the one or more non-

Streptomyces microbes comprise one or more Neorhizehium microbes.

91, The composition of any one of claims 70 through 90 wherem the one or more non-
Streptomyces microbes comprise one or more Nocardia microbes.
293~
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92.  The composition of any one of claims 70 through 91 wherein the one or more non-

Streptomyces nucrobes comprise ane or more Nocardioides microbes.

93, The composition of any one of claims 70 through 92 wherein the one or more non-

3 Streptomyces microbes comprise one or more Nonomuraea microbes.

94, The composition of any one of claims 70 through 93 wherein the one or more non-

Streptomyces microbes comprise one or more Peribacilius microbes.

10 95, The composition of any one of claims 70 through 94 wherein the one or more non-

Streptomyces microbes comprise one or more Priestia microbes.

96. The composition of any one of claims 70 through 95 wherein the one or more non-

Streptomyces microbes comprise one or more Pristimantibaciiius microbes.

[y
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97.  The compasition of any one of claims 70 through 96 wherein the one or more non-

Streptomyces microbes comprise one or more Stenotrophomonas microbes.

98. The composition of any one of claims 70 through 97 wherein the one or more non-

20 Streptomyces microbes comprise one or more Stuézerimonas microbes.

99.  The compasition of any one of claims 70 through 98 wherein the one or more non-

Streptonmyces nucrobes comprise one or mors {errimonas microbes.

25 160, The composition of any one of claims 70 through 99 wherein the one or more nop-

Streptomyces microbes comprise one or more Zhihenglivella macrobes.

101, The composition of any one of claims 67 through 100 comprising one or more of the

microbes of Table 2A.

102, The composition of any one of claims 67 through 100 wherein the one or more microbes
comprise a 165 rRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 94, 99, or
99.5 identical, or 100% identical, such as at least 95%, preferably at least 96%, more preferably
at least 979, even morve preferably at feast 989, still more preferably at least 99%, yet still more
35 preferably at least 99.5% identical to a nucleic acid sequence of one or more of SEQ 1D NOs: 68-
-204-
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109, 120-198, 202-209, 211-220, 222-246, 248-250, 252-256, 258-278, 280, 282-288, 290-293,
296-209, 301-303, 306-322, 326, 328-344, 346-351, 357-373, 375-377, 379-392, 394, 398, 403,
414, 423, 425-431, and/or 437 .

103, The composition of any one of claims 67 through 100 wherein the one or more microbes
comprise a 16S rRNA gene nucleotide sequence that is at least 80, 83, 90, 95, 96,97, 98, 99, or
99.5 1dentical, or 100% identical, such as at least 95%, preferably at least 96%, more preferably
at least 97%, even more preferably at feast 98%, still more preferably at least 99%, yet still more
preferably at feast 99.5% identical to a nucleic acid sequence of one or more of SEQ 1D NOg:
197, 198 202-209, 211.220, 222-246, 248-250, 252-256, 238-278, 280, 282-288, 280-293, 296~
269, 301-303, 306-322, 326, 328-344, 346-351, 357-373, 375-377, 379-392, 394, 398, 403, 414,
423, 425-431, and/or 437 .

104. A composition comprising Strepiomyces spp. microbes and cells of at least one, two,
three, four, five, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 17,20, 22, 25, 27, 30, or 32 and/or not more
than one, two, three, four, five, 6, 7, 8,9, 16, 11, 12, 13, 14, 15,17, 20,22, 25,27, 30,32, or 35
preferably 2-33, more preferably 3-35, vet more preferably 54353, | even vet more preferably 5220,
stiil more preferably $-15, such as 2, 3,4, 35,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22,23,24,25, 26,27, 28,29, 30, 31,32, 33, 34, or 35 additional microbial species selected
from the group consisting of Pseudomonas spp., Microvirga spp., Paenibacillus spp.,
Rhodococcus spp., Lysinibaciilis spp., Actinoplanes spp., Agromyees spp., Allosphingosinicella
spp., Aneurinibacillus spp., Arthrobacier spp., Bacillus spp., , Brevibacillus spp., Caldimonas
spp., Cupriavidus spp., Frvthrobacter spp., Kocuria spp., Microbacterium spp., Microbispora
spp., Mycefocola spp., Neorhizobium spp., Nocardia spp., Nocardioides spp., Nonomuraea spp.,
Peribacitlus spp., Priestia spp., Pristimantibacillus spp., Stenotrophomonas spp., Stutzerimonas

spp., Terrimonas spp., and Zhihenglivella spp.
105,  The composition of claim 104 comprising microbes of at least 2, 3, 5, 7, 10, 12, 15, 20,
30, 40, or 50 and/or not more than 3. 5, 7, 10, 12, 15, 20, 30, 406, 50, 60, 80, or 100 different

Streptoniyees strains, for example 2-100 different Strepromnces strains.

106.  The composition of claim 104 or claim 1035 comprising FPrseudomornias spp. microbes.
g=]
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107.  The composition of claim 106 comprising microbes of at least 2, 3,4, 5,6, 7, 8, 10, 12,
14, 16 or 18 and/or not more than 3, 4,5, 6, 7, 8, 10, 12, 14, 16, 18, 20 or 24 different

Pseudomonas species, for example 2-24 different Pseudomonas strams.

3 108, 'The composition any onc of claims 104 through 107 comprising Microvirga spp.

microbes.

109, The composition of any one of claims 104 through 108 comprising Paenibacillus spp.

microbes.

10
110, The composition of claim 109 comprising microbes of at least 2, 3, 4, 5, 6, or 7 and/or not
more than 3,4, 5,6, 7. 8, or 10 different Paenibaciiius species, for example 2-10 different
Yaenibaciilus strams.

1§ 111, The composition of any one of claims 104 through 110 comprising microbes g
Rhodococcus spp. miicrobes.
112, The composition of claim 111 comprising microbes of at least 1, or at least 2 different
Rhodococcus strains.

20

113, The composition of any one of claims 104 through 112 comprising microbes

Lysinibaciilis spp. microbes.

114, The composition of claim 113 comprising microbes ofatleast 1, 2,3, 4, 5, 6, or 7 and/or
25 unotmorethan 3,4, 5,6, 7, 8, or 10 different Lysinibacillus species, for example 1-10, preferably

-5, more preferably 1, or 2, different Lysinibacillus strains.

115, The composition of any one of claims 104 through 114 comprising microbes

Actinoplanes spp microbes.

116, The composition of any one of claims 104 through 115 compnising microbes Agromyces

spp microbes.

117, The composition of any one of clamms 104 through 116 comprising microbes
38 Allosphingosinicella spp microbes.
-296-
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118, The composition of any one of claims 104 through 117 comprising microbes

Aneurinibacilius spp vucrobes.

119, The composition of of any one of claims 104 through 118 comprising Arthrobacier spp

microbes.

120.  The composition of claim 119 comprising microbes of at least 2, 3, 4, 5, 6, or 7 and/or not
more than 3. 4, 5, 6, 7, &, or 10 different 4rthrobacter species, for example 2-10 different

Arthrobacter strains.

121, The composition of of any one of claims 104 through 120 comprising Baciflus spp

nucrobes.

122, The composition of claim 121 comprising microbes of at least 1, 2, 3, 4, 3, 6, or 7 and/or
not more than 2, 3,4, 5, 6, 7, 8, or 10 different Bacillus species, for example 1-10, preferably 2-

10 different Bacillus stramns.

123, The composition of of any one of claims 104 through 122 comprising Brevibacillus spp

microbes.

124, The composition of of any one of claims 104 through 123 comprising Caldimonas spp

microbes.

125, The composition of of any one of claims 104 through 124 compnising Cupriavidus spp

microbes.

126.  The composition of of any one of claims 104 through 125 comprising g Ervihrohacter

spp microbes.

127, The composition of of any one of claims 104 through 126 comprnising Kocuria spp

microbes.

128, The composition of of any one of claims 104 through 127 comprising Microbacterium
spp microbes.
-297-
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129, The composition of claim 128 comprsing mictobes of at least 1, 2, 3, 4, or 5 and/or not
more than 2, 3, 4, 5, or 6 dfferent Microbacterium species, for example §-6, preferably 1-4,

different Microbacterium strains.

130, The composition of any one of claims 104 through 129 comprsing Microbispora spp

nucrobes.

131, The composition of any one of claims 104 through 130 comprising Mycetocola spp

microbes.

132, The composition of any one of claims 104 through 131 comprising Neorhizobium spp

nucrobes.

133.  The composition of claim 132 comprising microbes of 1, or microbes of 2, different

Neorhizobium strains.

134, The composition of any one of claims 104 through 133 compnsing Nocardia spp

niicrobes.

135,  The composition of claim 134 comprising microbes of 1, or microbes of 2, different

Nocardia strains.

i

(5]

6. The composition of any one of claims 104 through 135 compnising Nocardiides spp

microbes.

137, The composition of any one of claims 104 through 136 comprsing Nonomuraea spp

microbes.

138, The composition of any onc of clamms 104 through 137 comprising Peribacillus spp

microbes.

139, The composition of any one of claims (04 through 138 comprising Priestia spp micwbes.
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140, The composition of claim 139 comprising microbes of 1, or microbes of 2, different

Priestic strams.

141, The composition of anv one of claims 104 through 140 compnsing Pristimanibaciilus

spp microbes.

142, The composition of any one of claims 104 through 141 comprising Stencirophomonas

spp microbes.

143, The composition of any one of claims 104 through 142 compnsing Stutzerimonas spp

microbes.

144, The composition of any one of claims 104 through 143 comprising Terrimonas spp

microbes.

145, The of any onc of claims 104 through 144 comprising Zhikengiivella spp microbes.

146, The composition of any one of elaims 104 through 145 wherein the one or more microbes
comprise a 165 tRNA gene nucleotide sequence that is at least 80, 85, 90, 95, 96, 97, 94, 99, or
99.5 identical, or 100% identical, such as at least 95%, preferably at least 96%, more preferably
at least 979, cven more preferably at feast 989, still more preferably at least 99%, yet still more
preferably at least 99.5% identical to a nucleic acid sequence of one or more of SEQ ID NQs: 68-
109, 120-198, 202-209, 211-220, 222-246, 248-250, 2532-256, 238-274, 280, 282-288, 290-293,
296-299, 301-303, 306-322, 326, 328-344, 346-351, 357-373,375-377, 379-392, 394, 398, 403,
414, 423, 425-431, and/or 437 .

147, The composition of any one of claims 104 through 145 wherein the one or mare microbes
comprise a 168 tRNA gene nocleotide sequence that is at least 80, 853, 90, 95, 96, 97, 98, 99, or
995 identical, or 100% 1dentical, such as at least 95%, preferably at least 96%, more preferably
at least 97%, even more preferably at least 98%, still more preferably at least 99%, yet still more
preferably at least 99.5% identical to a nucleic acid sequence of one or more of SEQ ID NQs:
197, 198 202-209, 211-220, 222-246, 248-250, 252-256_ 258-278, 280, 282-288, 290-293, 296~
299, 301-303, 306-322, 326, 328-344, 346-351, 357-373, 375-377, 379-392, 394, 398, 403, 414,
423, 425-431, and/or 437 .
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148. A composition comprising microbes from the genera Microbacierium, Rhodococcus, and
K o @& -3 2

Streptoniyees.

149, The composition of claim 148 wherein Strepfomyces comprise one or more strains of the
3 species Streptomyces grisecincarnatus, Streptoniyces misionensis, Strepiomyces murinus,

Streptomyces echinaiu, Streptorayces bacillari, Streptomyees senmicomposti, Streptomyces

chartreusis, Streptomyces globosus, Streptomyces achromogenes, and/or Streptomyces

eurvihermus.

10 150, The composition of claim 148 or 149 wherein Microbacferium comprises one or more

strains of the species Microbacterium paraoxydans.

151, The composition of any one of claims claim 148 through 150 wherem Rhodococcus

comprises one or more strains of the species Rhodococcus erythropolis.

[y
0

152, The composition of any one of clamms claim 148 through 151 comprising one or more of

the bacteria of Table 33.

153, A composition comprising microbes from the genera Lysinibacillus, Microhacterium,

20 Rhodococcus, and Streptomyces.

154, The composition of claim 153 wherein the Strepromyces bacteria comprise one or more
strains of the species Streptomyces griseoincarnaius, Strepiomyces griseoqurantiocns,
Streptomyees rochei, Streptomyces bikiniensis, Streptomyces misionensis, Streplomyces murins,

-

25 Swreptomyces bacitlari, Strepiomyces sennicomposti, andior Streptomyces achromogenes.

155, 'The composition of claim 1533 or 154 wherem the Lysinibacillus bacteria comprise one or

more strains of the species Lysinibacilius sphaericus.

30 1536, The compasition of any onc of clamms 133 through 155 wherein the Microbacrerium

bactena comprise one or more strains of the species Microbacterium paraoxydans.

1537, The composition of any one of clamms 153 through 156 wheremn the Rhodococcus bacteria

comprise one or more strains of the species Rhodococcus erythropolis.
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158, The compasition of any one of clamms 1353 through 157 comprising one or more of the

bactena of Table 34.

3 139, A composition comprising microbes from the genera Lysinibacillus, Microbacterium,

Rhodococcus, and Strepiomyces.

160.  The composition of claim 159 wheremn the Lysinibacilius bacteria comprise one or more
strams of the species Lysinibacillus sphaericus.

10
161.  The composition of claim 159 or 160 wherein the Microbacterium bacteria comprise one

or more strains of the species Microbacterium paraoxydans.

162, The composition of any one of claims 159 through 161 wherein the Rhodococcus bacteria

[y
0

comprise one or more straing of the species Rhodococcus erythropolis.

163, The composition of any one of claims 159 through 162 wherein the Streptonyces bacteria
comprise one or more strains of the species Streptomyces misionensis. Streptomyees bacillari,

Strepiomyces achromogenes, and/or Sirepiomyces globosus.

164, The composition of any one of claims 159 through 163 comprising one or more of the

bactena of Table 37.

165, A composition comprising microbes from the genera Bacillus, Lvsinibacillus,
25 Rhodococcus, and Streptomyces.
166, The composition of claim 165 wheren the Lysinibacilius bacteria conprise one or more

strams of the species Lysinibacillus sphaevicus.

167.  The composition of claim 165 or 166 wherein the Rhodococcus bacteria comprise one or

30 more strams of the species Rhodococcus ervihiropolis.

168.  The composition of anv one of claims 165 through 167 wherein the Baci/lus bacteria

comprise one or more strains of the species Bacillus velizensis.
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169, The composition of any one of claims 165 through 168 wherein the Streptomyces bacteria
comprise one or more strains of the species Strepfomyces misionensis, Strepioniyces bacillari,
Streptomyees achivomogenes, Streptomyces globosus, Streptomyces antibioticus, Streptomyces
bikiniensis, Streptomyces chariveusis Streplomyces echinaiu, Streptomyees griseoaurantiacus,
5 Sirepioniyces murinus, Streptoniyces musisoli, Streptomyces olivaceus, Streptonmyces
sexmicomposti, and/or Strepronyyces foxXytricini.
170, The composition of any one of claims 165 through 169 comprising one or more of the

bacteria of Table 38.

10
171, A composition comprising microbes from the genera Lysinibacillus, Microbacterium,
Rhodococcus, and Strepiomyces.
172, The composition of claim 171 wherewn the Lysinibaciilus bacteria comprise one or more
1§ stramns of the species Lysintbaciilus sphaericus.

173, The composition of claim 171 or 172 wherein the Rhodococcus bactena comprise one or

more strains of the species Rhodococcus eryithropolis.

20 174, The composttion of any one of clamms 171 through 173 wherein the Microbacterium

bacteria comprise one or more strains of the species Microbacterium paraoxydans.

175, The composition of any one of claims 171 through 174 wherein the Strepromyces bacteria
comprise one or more strains of the species Srepromyees achromogenes, Streptomyces bacillari,

25 Swreptomyces globosus, Streptomyces misionensis, and/or Streptomyces rochei.

176, The composition of any one of claims {71 through 175 comprising one or more of the

bacteria of Table 40,

30 177 A composition comprising microbes from the gencra Microbacrerium, Rhodococcus, and

Streptomyees.

178, The composition of claim 177 wheren the Riodococcus bacteria comprise one of more

stramns of the species Rhodococcus erythropolis.
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179, The composition of claim 177 or 178 wherein the Microbacterium bactena comprise one

or rmaore strains of the species Microbacterium paraoxydans.

180,  The composition of anv one of clamms 177 through 179 wherein the Strepiomyces bacteria
3 comprise one or more strains of the species Sireptomyces achromogenes, Streptomyces baciflari,
Streptomyces bikiniensis | Streptomiyces globosus, Streptomyces grisecincarnaius, Streptomyces

misionensis, Streptomyees murinns, and/or Strepiomyces rochei.

181, The composition of any one of claims 177 through 180 comprising one or more of the

10 bactena of Table 41.

182, A composition comprising microbes from the genera Bacillus, Lysimibacilius,

Microbacrerium, Neovhizobium, Pervibacilius, Priesiia, Pseudomonas, Rhodococcus, and

Strepiomvees.

i3
183, The compasition of claim 182 wherein the Rhodococcus bacteria comprise one or more
strains of the species Rhodococcus erythropolis.
184, The composition of claim 182 or 183 wherein the AMicrobacterium bacteria comprise one
or more strains of the species Microbacterium paraoxydans.

20

185, The composition of any one of claims 182 through 184 wherein the Bacillus bacteria

comprise one or more strains of specics Baciflus spizizenii and/or Bacillus paralicheniformis.

186.  The composition of any one of clamms 182 through 185 wherein the Neorhizobium

25 bacteria comprise one of more strains of species Neorfuzobium flavian.

187, The composition of any one of claims 182 through 186 wherein the Peribacillus bactena

comprise one or more strains of species Peribaciilus frigoritolerans A.

30 188, The compasition of any onc of clamms 182 through 187 wherein the Priestia bacteria

comprise one or more strains of species Priestia aryabhaticl.

189, The composition of any one of clamms 182 through 188 wheremn the Strepromyces bacteria
comprise one or more strains of species Strepfomyces nigrescens, Streptomiyees nigra,

38 Swepromyvces bobili, Strepromyees albogriseolus, Streptomyces globosus, Streptomyces
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griseoincarnatus, Streptomyces griseoaurantiacus, Streptomyces rochei, Streptomyces
bikiniensis, Streptomyvces misionensis, Streptomyces murinus, Streptomyces bacillari,

Streptomvees senmicomposti, and/or Streptomyces achromogenes.

190, The composition of any one of claims 182 through 189 comprising one or more of the

bacteria of Table 35.

191. A composition comprising one or more of the bacteria of Table 42.

192, A composition comprising one or more of the bactenia of Table 43.

193, A composition comprising bacteria of the genus Strepfomyces and bactenia of the class

Bacilli.

194,  The composition of claim 193 wheremn the bacteria of the class Bacilli comprise bacteria
of one or more of Aneurinibacillus, ¢.g., one or more strains of the species Aneurinibacillus
aneurinilyticus; Bacillus, ¢.g., one or more strains of the species Bacillus I endophytica A,
Bacillus haynesii, Bacillus inagosorum, Bacillus licheniformis, Bacillus paralicheniformis,
Bacillus safensis, Bacillus spizizenii, Bacilius subtilis, Bacillus A thuringiensis K, and/or
Bacilins velizensis; Brevibacillus, such as one or more strains of the species Brevibacillus
panacihumi; Lysinibaciflus, such as one or more strains of the species Lysimibacillus sphaericus
and/or L ysinibacillus capsica; Paenibacillus. such as one or more strains of the species
Paenibacillus cellulositrophicus; Peribacillus, such as one or more sirains of the species

Peribaciflus frigorvitolerans A; and/or Pristimantibacillus.

195, The composition of claim 193 or 194 comprising one or more of the Strepfoniyces species
or strains of the species as shown 1o Table 2A and one or more of the Bacilli genera, species or

strams of the species as shown in Table 2A.

196, A composition comprising bactenia from one or more of gencra Acfinoplanes, Agromyces,
Allosphingosinicella, Arthrobacter, Bacillus, Caldimonas, Cupriavidus, Ervithrobacter, Kocuria,
Microbispora, Microvirga, Mycetocola, Neorhizobium, Nocardia, Nocardioides, Nonomuraea,
Peribacillus, Priestia, Pseudomonas, Streptomyces, Stutzerimonas, Tervimonas, and/or

Zhihenglivelia.
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197, The composition of claim 196 comprisimg one or more of the strains of Table 44,

198, The composition of claim 196 or 197 comprising free~hiving nitrogen-fixing bacteria.

199, The composition of any one of the previous claims comprising one or more microbes of

ATCC deposiis designated PTA-127834-127850 respectively, as shown in Table 2A.

200, A composition comprising one or more microbes of ATCC deposits designated Nos.

PTA-127834-127850 respectively, as shown in Table ZA.

201, The composition of claim 199 or claim 200 comprising one or more bacteria of ATCC
deposit number PTA-127834, and/or one or more bacteria of ATCC deposit number PTA-
127835, and/or one or more bacteria of ATCC deposit number PTA-127836, and/or one or more
bacteria of ATCC deposit nmumber PTA-127837, and/or one or more bacteria of ATCC deposit
number PTA-127838, and/or one or more bactena of ATCC deposit number PTA-127839, and/or
one or more bacteria of ATCC deposit number PTA-127840, and/or one or more bacteria of
ATCC deposit number PTA~127841, and/or one or more bacteria of ATCC deposit number PTA-
127842, and/or one or more bactenia of ATCC deposit number PTA-127843, and/or one or more
bacteria of ATCC deposit number PTA~127844, and/or one or more bacteria of ATCC deposit
nusber PTA-127845, and/or one or more bactena of ATCC deposit number PTA-127846, and/or
one or more bacteria of ATCC deposit number PTA-127847, and/or one or more bacteria of
ATCC deposit number PTA-1278438, and/or one or more bacteria of ATCC deposit number PTA-

127849, and/or one or mare bacternia of ATCC depostt number PTA-127850.

202, The composition of any one of claims 199 through 201 wherein the composition
comprises one or more bacteria of the genus Microbacterium frora ATCC deposit number PTA-
127834 and/or the composition comprises one or more bacteria of the genus Rhodococcus from
ATCC deposit mumber FTA-127834 and/or the composition comprises one or more bacteria of
the genus drthrobacter from ATCC deposit mmmber PTA-127834 and/or the composition
comprises one or more bacteria of the genus Aneurinibacillus from ATCC deposit number PTA-
127839 and/or the composttion comprises one or more bacteria of the genus Psuedomonas from
ATCC deposit number PTA-127844 and/or the composttion comprises one or more bacteria of
the genus Bacillus from ATCC deposit number PTA~127847 and/or the composition comprises
one or more bacteria of the genus Paenibacillus from ATCC deposit number PTA-127848 and/or

the composition comprises one or more bacteria of the genuos Pristimantibacillus from ATCC
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deposit namber PTA-127848 and/or the composition comprises one or more bacteria of the
gonus Brevibacilius from ATCC deposit number PTA~127848 and/or the composition compriscs
one or more bacteria of the genus Paenibacillus froro ATCC deposit sumber PTA-127848 and/or
the composition comprises one or more bacteria of the Bacilfus from ATCC deposit number
3 PTA-127848 and/or the composition comprises one of more bacteria of the genus Microvirga

fromn ATCC deposit number PTA-127848  and/or the composition comprises oug of more
bacteria of the genus Psuedomonas from ATCC deposit number PTA-127849 and/or the
composition comprises one or more bacteria of the genus Peribacilius from ATCC deposit
number PTA-127849 and/or the composition comprises one or more bacteria of the genus

10 Zhikengliuella from ATCC deposit number PTA-127849 and/or the composition comprises one
or more bacteria of the genus Nonomuraea from ATCC deposit namber PTA-127849 and/or the
composition comprises one or more bacteria of the genus Nocardia from ATCC deposit number
PTA-~127849 and/or the composition coraprises one or more hacteria of the genus Kocuria from

ATCC deposit mumber FTA-127849 and/or the composition comprises one or more bacteria of

[y
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the genus Actinopianes from ATCC deposit mumber PTA-127849 and/or the composition
comprises one or wore bacteria of the genus Micrebispora from ATCC depostt number PTA-
127849 and/or the composttion comprises one or more bacteria of the genus Mycefocola from
ATCC deposit nomber PTA-127849 and/or the composition comprises one or more bacteria of
the gonus Nocardioides from ATCC deposit number PTA-127849 and/or the composition
20 comprises one or more bacteria of the genus Priestiar from ATCC deposit number PTA-127850
and/or the the composition comprises one or more bacteria of the genus Cupriavidus from ATCC
deposit number PTA-127850 and/or the composition comprises one or more bacteria of the
genus Peribacillus from ATCC depostt number PTA-127850 and/or the composition comprises
one or more bactenia of the genus Stuizerimonas from ATCC deposit number PTA-127850
25 and/or the composition comprises onc or more bacteria of the genus Caldimonas from ATCC
depostt nurnber PTA-127830 and/or the coraposttion comprises one or more bacteria of the
genus Terrimonas from ATCC deposit number PTA-127830 and/or the composition comprises
one or more bacteria of the genus Neorhizobium from ATCC deposit number PTA-127850
and/or the composition comprises one or more bacteria of the genus Erythrobacter from ATCC
30 deposit number PTA-127850 and/or the composition comprises one o7 more bacteria of the
genus Allosphingosinicella from ATCC depostt number PTA-127850 and/or the composition
comprises one or more bacteria of the genus Streptomyces from ATCC deposit number PTA-
127834 and/or the composition comprises one or more bacteria of the genus Sirepromyces from
ATCC deposit number PTA-127835 and/or the composition comprises one or more bactena of

35 the genus Strepromyces from ATCC deposit number PTA-127836 and/or the composttion
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comprises one or more bacteria of the genus Strepiomyces from ATCC deposit number PTA-
127837 and/or the composition comprises one or more bacteria of the genus Strepfonces from
ATCC deposit number PTA-127838 and/or the composttion comprises one or more bacteria of
the genus Streptomyces from ATCC deposit number PTA-127839 and/or the composition
comprises onc or more bacteria of the genus Strepfomyces from ATCC deposit number PTA-
127846 and/or the composition comprises one or more bacteria of the genus Sirepromyces from
ATCC deposit number PTA-127841 and/or the composition comprnises one or more bactera of
the genus Strepromyces from ATCC deposit number PTA-127842 and/or the compasition
comprises one or more bacteria of the genus Strepiomyces from ATCC deposit number PTA-
127843 and/or the composttion comprises one or more bacteria of the genus Strepfomyces from
ATCC deposit number PTA-127844 and/or the composition comprises one or more bacteria of
the genus Strepromyces from ATCC deposit number PTA-127845 and/or the composition
comprises ong or more bacteria of the genus Streptomyces from ATCC deposit number PTA-
127846 and/or the composition comprises one or more bacteria of the genus Strepiomyces from

ATCC deposit number PTA-127849.

203, The composition of any one of the previous claims comprising one or more fungal

microbes.

204. A composition comprising fungal microbes.

205, The composition of claim 203 or 204 wherein the fungal microbes comprise

ectomycorrhizal fungi.

206, The composition of claim 205 wherein the fungal microbes comprise one or more of
Aspergiilus, Chaetorium, Coniothyrium, Paecilomyces, Penicillivm, Phiebia, Riizopogon,

Scleroderma, Lecanicitlinm, and/or Sebacina microbes.

207, The composition of claim 206 comprising one or more Aspergilius microbes.

208, The composition of claim 207 comprising at least 1,2,3,4,5,6,7,8,9, 10, 12, 14, 16, or
18 andlornot more than 2, 3,4, 5,6, 7,8, 9, 10, 12, 14, 16, 18, or 20 different Aspergillus
microbes, for example 1-20 different Aspergiflus microbes, preforably 1to 16 different
208Aspergilius roicrobes, more preferably 1o 10 different 4spergilins microbes, even more

preferably 2 to 10 different Aspergilius microbes.
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209, The composition of claim 207 or 208 wherein the Aspergiilus microbes comprise

Aspergilius flavus.

210, The composition of any one of claims 207 through 209 wherein the Aspergillus microbes

comprise Aspergilius niger.

211, The composition of any one of claims 205 through 208 comprising one or more

Chaetominm microbes.

212, The compasition of clanm 211 compnisimg at least 1,2, 3,4,5,6,7,8,9, 10, 12, 14, 16, or
18 and/ornot more than 2.3, 4, 5, 6,7, 8.9, 10, 12, 14, 16, 18, or 20 different Chaetomium
microbes, for example 1-20 different Chaeromium microbes, preferably 1 to 16 different
Chaetominm ticrobes, more preferably | to 10 different Chaetonsium nucrobes, even more

sreferably 2 to 10 difterent Chaefominm microbes.
I 3

213, The composition of any ove of claims 205 through 212 comprising one or meore

Coniothyrinm microbes.

214, The composition of claim 213 comprising at least 1,2, 3,4.5,6,7.8,9, 10, 12, 14, 16, or
18 and/ornot more than 2, 3,4, 3,6, 7.8, 9, 10, 12, 14, 16, 18, or 20 ditferent Conioflyyrium
microbes, for example 1-20 different Conioffrvrinm microbes, preferably 1 to 16 different
Contothyrium microbes, more preferably 1 to 10 different Coniothyrium microbes, oven more

preferably 2 to 10 different Coniothyrium microbes.

"~

215, The composition of claim 213 or 214 wheremn the Coniothyrium microbes comprise

t

Coniothyrium minitans.

216.  The composition of any one of claims 205 through 215 comprising one or more

Lecanicitfium microbes.

217 The composition of claim 216 compnising at least 1,2, 3,4,5,6,7,8,9, 10, 12, 14, 16, or
18 and/or not more than 2, 3, 4. 5,6, 7. 8.9, 10, 12, 14, 16, 18, or 20 different Lecanicillium
microbes, for example 1-20 different Lecanicillium microbes, preferably 1 to 16 different
Lecanicillium microbes, more preferably 1 to 10 different Lecanicillinm microbes, even more

preferably 2 to 10 different Lecaniciilium microbes.
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218.  The composition of any one of claims 203 through 217 comprising one or more

FPaecifomyces microbes.

219, The composition of claim 218 comprising atleast 1,2,3,4,5,6,7, 8,9, 10, 12, 14, 16, or
18 and/ornot more than 2, 3,4, 5, 6,7, 8.9, 10, 12, 14, 16, 18, or 20 different Paecilomyees
5 microbes, for example 1-20 different Paecilomyces microbes, preferably 1 1o 16 different
Paecilomyces microbes, more preferably 1 to 10 different Paecilomyces microbes, even more

preferably 2 to 10 different Paecilomyces microbes.

220, The composition of claim 219 wherein the Paeciloniyces nucrobes comprise

Paecilomvees lilacinus.

10 221, The composition of any one of claims 205 through 220 comprising one or more

Penicillinm microbes.

222 The compasition of claim 221 compnising at least 1,2, 3,4,5,6,7,8,9, 10, 12, 14, 16, or
iR and/ornotmore than 2,3, 4,5, 6,7, 8,9, 10, 12, 14, 16, 18, or 20 different Penicillium
microbes, for example 1-20 different Pericillium microbes, preferably to 16 different

15 Peniciifium microbes, more preferably | to 10 different Penicillium microbes, even more

sreferably 2 to 10 different Pervcilfinm microbes.
i 3

223, The composttion of claim 221 or 222 wherein the Penicillium microbes comprise

Fenicillium bilaiae.

224, The composition of any one of clamms 221 through 223 wherein the Peniciifium microbes

20 comprise Peniciliium bilaii.

225, The composition of any one of claims 221 through 224 wherein the Peniciliinm microbes

comprise Penicillium oxalicum.

226, The composition of any one of claims 205 through 225 compnising one or more Phlebia

microbes.

N
L

227, The composition of claim 226 comprising at least 1, 2,3, 4,5, 6,7, 8,9, 10, 12, 14, 16, or

18 and/or not more than 2, 3, 4.5, 6, 7. &, 9, 10, 12, 14, 16, 18, or 20 different Phiebia

microbes, for example 1-20 different Phr/ebic microbes, preferably 1to 16 different Fhlebia
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microbes, more preferably 1 to 10 different Phiebia microbes, even more preferably 2 to 10

different Phiebic vucrobes.

228, The composition of claim 226 or 227 wherein the Phlebia microbes comprise Phlebia

gigantea.

~

228, The composition of any one of claims 205 through 228 comprising one or more

Rhizopogon microbes.

230, The compasition of clamm 229 compnising at least 1, 2,3, 4,5, 6, 7,8, 9, 10, 12, 14, 16, or
18 and/ornot more than 2.3, 4, 5, 6,7, 8.9, 10, 12, 14, 16, 18, or 20 different Rhizopogon
microbes, for example 1-20 difforent Rhizopogon microbes, preferably 1 to 16 different
Rhizopogon wmicrobes, more preferably | to 10 different Rhizopegon microbes, even more

sreferably 2 to 10 difterent Rhizopogon microbes.
I 3 PO

231 The composition of claim 229 or 230 wherein the Rhizopogon microbes comprise

Rhizopogon amylopogon.

232, The composition of any one of clamms 229 through 231 wherein the Rhizopogon microbes

comprise Rhizopogon fulvigleba.

233, The composition of any one of claims 229 through 232 whercin the Rhizopogon microbes

comprise Rhizopogon luteolus.

234, The composition of any one of claimms 229 through 233 wherein the Rhizopogon microbes

comprise Rhizopogon villosullus.

235,  The composition of any one of claims 205 through 234 comprising one or morg

Scierodermea microbes.

236, The composition of claim 235 comprismg atleast 1, 2,3,4,5,6,7,8,9,10, 12, 14, 16, or
18 and/ornot more than 2, 3,4, 5,6, 7, 8,5, 10, 12, 14, 16, 18, or 20 different Scleroderma
migcrobes, for example 1-20 different Scleroderma microbes, preferably 1o 16 different
Seleroderma microbes, more preferably | to 10 different Scleroderma microbes, even more

preferably 2 to 10 different Scleroderma microbes.

237 The compasition of claim 235 or 236 wherein the Scleroderma microbes comprise
Scleroderma cepa.
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238.  The composition of any one of claims 2335 through 237 wherein the Scleroderma

microbes comprise Scleroderma citrinum.

239 The composition of any one of elaims 205 through 238 comprising one or more Sebacing

microbes.

248, The composition of claim 239 comprsing at least 1,2, 3,4,5,6, 7,8, 9, 10, 12, 14, 16, or
18 and/ornot more than 2, 3,4, 5,6, 7, &, 9, 10, 12, 14, 16, 18, or 20 different Sebacina
microbes, for example 1-20 different Sebaeing microbes. preferably 1 to 16 different
Sebacing microbes, more preferably 1to 10 different Sebacing nucrobes, even more

preferably 2 to 10 different Sebacing microbes.

241, The composition of claim 239 or 240 wheren the Sebacing microbes comprise Sebacing

vermifera.

242, The composition of any ove of claims 203 through 241 wherein the fungal microbes

comprise endomycorthizal fungi.

243, The composition of claim 242 wherein the fungi comprise fungt of one or more of the
gencra Alternaria, Beauveria, Cladiosporium, Claroideoglomus, Funmeliformis, Glomus,
Laccaria, Lecanicillium, Metarhizium, Firiformospora, Pisolithus, Rhizophagus, Serendipita,

Talaromyces, and/or Trichoderma.
244 The composition of claim 242 or 243 comprising one or more Alternaria microbes.

245, 'The composition of claim 244 comprising at least 1,2, 3,4.5,6,7.8,9, 10, 12, 14, 16, or
18 and/or not more than 2, 3,4, 5,6, 7. 8, 9, 10, 12, 14, 16, 18, or 20 different Alfernaria
microbes, for example 1-20 different Alternaria microbes, preferably 1 to 16 different
Alternaria microbes, more preferably 1 to 10 different Alfernaria microbes, even more

preferably 2 to 10 different Alternaria microbes.

246, The composition of claim 244 or 245 whewen the Aliernaria microbes comprise

Alternaria alternaia.

247, The composition of any one of claims 242 through 246 comprising one of more

Sequveric microbes.
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248.  The composition of claim 247 comprising atleast 1,2, 3,4,5,6,7,8,9, 10, 12, 14, 16, or
iR and/ornot more than 2, 3, 4, 5, 6.7, 8, 9, 16, 12, 14, 15, 18, or 20 different Beauveria
nicrobes, for example 1-20 different Beauveria microbes, preferably 1o 16 different

Beauveria microbes, more preferably 1 to 10 different Beauveria microbes, even more

3 preferably 2 to 10 different Beauveria microbes.
249, The composition of claim 247 or 248 wheremn the Beauveria microbes comprise

Beauveric bassiona.

250, The composition of any one of claims 242 through 249 comprising one or more

Cladiosporium microbes.

10 251, The composttion of claim 250 compusing atleast 1,2, 3.4, 5,6, 7, 8,9, 10, 12, 14, 16, or
18 and/ornotmore than 2, 3,4, 3,6, 7, 8,9, 10, 12, 14, 16, 18, or 20 diffevent Cladiosporium
microbes, for example 1-20 different Cladiosporium microbes, preferably | to 16 different
Cladiosporium microbes, more preferably 1 to 10 different Cladiosporium microbes, even

more preferably 2 to 10 different Cladiosporinm microbes.

15 252, 'The composition of claim 250 or 251 wherein the Cladiosporium microbes comprise

Cladiosporium tenuissimmm,

The composition of any one of claims 242 through 252 comprising one of more

253,

Claroidecgionus microbes.

254, The composition of claim 253 comprising at least 1, 2,3,4,5,6,7, 8,9, 10, 12, 14, 16, or
20 18 and/ornot more than 2. 3,4, 5, 6,7 8.9, 10, 12, 14, 16, 1%, or 20 different
Claroideoglomus microbes, for example 1-20 different Claroideoglomus microbes,
preferably 1 to 16 different Claroideoglomus microbes, more preferably 1 to 10 different
Claroidescgiomus microbes, even more preferably 2 to 10 different Claroideoglomus

mucrobes.

25 255, The composition of claim 253 or 254 wherein the Claroideoglomus microbes comprise
Claroideogiomus etunicatum,
256.  The composition of any one of claims 242 through 253 comprising one or more

Funneliformis microbes.
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257, The composition of claim 256 comprising atleast 1,2, 3,4,5,6,7,8,9, 10,12, 14, 16, or
I8 and/ornotmorcthan 2,3, 4,5, 6,7, 8,9, 10, 12, 14, 16, 18, or 20 different Funneliformis
microbes, for example 1-20 different Funmeliformis microbes, preferably 1 to 16 different
Funneliformis microbes, more preferably 1 to 10 different Funneliformis microbes, even

3 more preferably 2 to 10 different Funneliformis microbes.

259 The composition of any one of claims 242 through 258 comprising one or more Glonuy

microbes.

10 260,  The composttion of claim 2539 compusing atleast 1,2, 3.4, 5,6, 7, 8,9, 10, 12, 14, 16, or
I8 and/ornotmorethan 2, 3,4, 5,6, 7.8, 9, 10, 12, 14, 16, 18, or 20 different Glomus
microbes, for example 1-20 different Glomus microbes. preferably 1 to 16 different Glomus
microbes, more preferably | to 10 difforent Glomus microbes, even more preferably 2 to 10

different Glomus microbes.

15 261, The composition of claim 259 or 260 wherein the Glomus microbes comprise Glomus

aggregatum.

262, The composition of any one of claims 239 through 261 wherein the Glomus microbes

comprise Glomus efunicatum,

263, The composition of anv one of clamms 259 through 262 wherein the Glomus microbes

20 comprise Glomus intraradices.

264.  The composition of any one of claims 239 through 263 wherein the Glomus microbes

comprise Glomus mossede.

265 The composition of any one of claims 242 through 264 compnising one or more Laccaria

microbes.

N
L

266,  The composition of claim 265 comprising at least 1, 2,3,4,5,6,7.8,9, 10, 12, 14, 16, or
18 and/or not more than 2, 3, 4.5, 6, 7. &, 9, 10, 12, 14, 16, 18, or 20 different Laccaria

s 2

microbes, for example 1-20 ditferent Laccaria microbes, preferably 1 to 16 different
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Laccaria microbes, more preferably 1 to 10 different Loccario microbes, even more

preferably 2 to 10 different Laccaria microbes.

267, 'The composition of claim 265 or 266 wherein the Laccaria microbes comprise Laccaria

laceaia.

268.  The composition of any one of claims 242 through 267 comprising one or more

Lecanicitfivm microbes.

269, The compasition of claim 268 compnising at least 1,2, 3,4,5,6,7,8,9, 10, 12, 14, 16, or
18 and/ornot more than 2. 3,4, 5, 6,7, 8.9, 10, 12, 14, 16, 18, or 20 different Lecanicillium
microbes, for example 1-20 different Lecanicillium microbes. preferably 1 to 16 difforent
Lecanicillium microbes, more preferably 1 to 10 different Lecanicilfium microbes, cven more

preferably 2 to 10 different Lecanicillium microbes.

270, The composition of any ove of claims 242 through 269 comprising one or 1a01¢

Metarhizium mcrobes.

271, 'The composition of claim 270 comprising at least 1,2, 3,4.5,6,7.8,9, 10, 12, 14, 16, or

vrhizinm

18 and/or not more than 2, 3, 4. 3,6, 7. 8, 9, 10, 12, 14, 16, 18, or 20 ditferent Mer
microbes, for example 1-20 different Mefarhizium microbes, preferably 1 to 16 different
Metarhizium microbes, more preferably 1to 10 different Metarfiizium microbes, cven more

preferably 2 to 10 different Mefarhizium microbes.

272, The composition of claim 270 or 271 wherein the Me/arfiizium microbes comprise

Metarhizium anisoplice.

273, The composition of any one of claims 242 through 272 comprising one or more

Firiformospora microbes.

274 The composition of claim 273 compnising at least 1,2, 3,4,5,6,7,8,9, 10, 12, 14, 16, or
18 and/or not more than 2, 3, 4. 5,6, 7, 8.9, 10, 12, 14, 16, 18, or 20 different
Piriformospora microbes, for example 1-20 different Prriformospora microbes, preferably 1
to 16 different Piriformospora microbes, more preferably 1o 10 different Piriformospora

microbes, even more preferably 2 to 10 different Piriformospora microbes.

314-
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The compeosition of claim 273 or 274 wherein the Piriformospora microbes comprise

Firiformospora indica.

276,

The composition of any one of claims 242 through 275 comprising one or more

Pisolithus microbes.

The composition of claim 276 comprising at least 1,2, 3,4,5,6, 7,8, 9, 10, 12, 14, 16, or

I8 and/ornot more than 2, 3,4, 5,6, 7, &, 9, 10, 12, 14, 16, 18, or 20 different Pisolithus

microbes, for example 1-20 different Pisolithus microbes, preferably 1 to 16 different

Fisolithus microbes, more preferably | to 10 different Pisofithuy microbes, even more

preferably 2 to 10 different Fisolithus microbes.

278,

279

The composition of claim 276 or 277 wherem the Pisofithus oucrabes comprise

Pisofithus tinctorius.

. The composition of any ovne of claims 242 through 278 comprising one or yaore

Rhizophagus aucrobes.

280,

The composition of claim 279 comprising at least 1,2, 3,4.5,6,7.8,9, 10, 12, 14, 16, or
18 and/ornot more than 2, 3,4, 3,6, 7.8, 9, 10, 12, 14, 16, 18, or 20 ditferent Rhizophagus

microbes, for example 1-20 different Riizophagus microbes, preferably 1 to 16 different

Rhizophagus microbes, more preferably 1 to 10 different Rhizophagus microbes, even more

281

282.

283

284,

preferably 2 to 10 different Rhizophagus microbes.

The composition of claim 279 or 280 wherein the Rhizophagus microbes comprise

Rhizophagus intraradices.

The composition of any one of claims 279 through 281 wherein the Rhizophagus

microbes comprise Rhizophagus irregularis.

. The composition of anv one of claims 242 through 282 compnsing one or more

Serendipita microbes.

The composition of claim 283 comprising at least 1, 2,3, 4,5, 6,7, 8,9, 10, 12, 14, 16, or
18 and/ornot more than 2, 3,4, 53,6, 7, &, 9, 10, 12, 14, 16, 18, or 20 different Serendipiia

microbes, for example 1-20 ditferent Serendipita microbes, proferably 1 to 16 different

-315-
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Serendipiic microbes, more preferably 1 to 10 different Serendipiic microbes, even more

preferably 2 to 10 different Serendipita nucrobes.

285 The composition of claim 283 or 284 wherein the Serendipita microbes comprise

Cf

Serendipita indica.

n

286.  The composition of any one of claims 242 through 285 comprising one or more

Talaromyces microbes.

287, The compasition of clamm 286 compnising at least 1, 2,3, 4,5, 6, 7,8, 9, 10, 12, 14, 16, or
18 and/ornot more than 2.3, 4, 5, 6,7, 8.9, 10, 12, 14, 16, 18, or 20 different Talaromyces
microbes, for example 1-20 different Yivlaromyces microbes. preferably 1 to 16 different
10 Talaromyces microbes, more preferably 1 to 10 different Talaromyces microbes, even more

sreferably 2 1o 10 different Talaromyces microbes.
¥ 3 ]

288, The composition of claim 286 or 287 wherein the Talaroyces wucrobes comprise

Talaromyees flavus,

289, The composition of any one of clamms 242 through 288 comprising one or more

15 Trichoderma roicrobes.

290, The composition of claim 289 comprising at least 1, 2.3, 4,5, 6,7,8,9, 10, 12, 14, 16, or
I8 and/ornot more than 2, 3,4, 5,6, 7, 8,9, 10, 12, 14, 16, 18, or 20 different Trichoderma
microbes, for example 1-20 different Trichoderma mucrobes, preferably 1 to 16 different
Trichoderma microbes, more preferably 1 to 10 different Trichoderma microbes, even more

20 preferably 2 to 10 different Trichoderma microbes.

~

291, The composition of claim 289 or 290 wherein the Trichoderma microbes comprise

Trichoderma asperellum.

292, The composition of any one of claims 289 through 291 wherein the Trichoderma

microbes comprise {richoderma atrobrunnenm.

N
L

293, The composition of any one of clamms 289 through 292 wherein the Trichoderma

microbes comprise frichoderma atroviride.

294, The compasition of any ove of claims 289 through 293 wherein the Trichoderma

microbes comprise Trichoderma havziamim,
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295, The composition of any one of claims 289 through 294 wherein the Trichoderma
B ¥ g

microbes comprise richoderma viride.

296, The composition of anyv one of claims 242 through 295 compnising one or more Mucor

microbes.

297, The composition of claim 296 comprsing at least 1,2, 3,4,5,6, 7,8, 9, 10, 12, 14, 16, or
I8 and/ornot more than 2, 3,4, 5,6, 7, &, 9, 10, 12, 14, 16, 18, or 20 different Mucor
microbes, for example 1-20 different Mucor microbes, preferably 1 to 16 different Mucor
microbes, more preferably 1 to 10 different Mucor microbes, even more preferably 2 to 10

different Mucor microbes.

298, The composttion of claim 296 or 297 wheremn the Mucor microbes comprise Mucor

civcinelloides.

299, The composition of any ove of claims 242 through 298 comprising one or meore

Phanerochacte macrobes.

300, The composition of claim 299 compusing atleast 1, 2, 3,4, 5,6, 7,8, 9, 10, 12, 14, 16, or
18 and/or not more than 2, 3,4, 5,6, 7. 8, 9, 10, 12, 14, 16, 18, or 20 ditterend Phonerochaere
microbes, for example 1-20 different Pharerochaete microbes, preferably 1 to 16 different
Phanerochaete mucrobes, more preferably 1 to 10 different Phanerochaete microbes, even

more preferably 2 to 10 different Phanercchaete microbes.

301, The composition of claim 299 or 300 wherein the Fhanerochaete microbes comprise

Phanerochaete chryvsosporium.

302,  The composition of any one of claims 242 through 301 wherein two or more of the fungal

microbes are heterologous to cach other,

303, A composition comprising a plurality of particles, wherein each particle comprises a

composition of any one of claims 1 through 302

304, A delaved release composition comprising a plurality of particles, wherein the particles
comprises one or more microbes, and wherein the plurality of particles comprises a first
population of particles wherein each particle of the first population comprises one or more

furst components configured to contine at least a portion of the microbes to the particles, and

-317-
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wherein the one or more first components are sach that the one or more first components lose
sufticient integrity upon exposure to one or more environmental triggers that at least a

portion of the confined microbes are released from the particles.

3 305, 'The composition of any one of the previous claims further comprising one or more

agriculturally acceptable adjuvants.

306.  The composition of claim 305 wherein the adjuvant comprises polyethviene glycol.

10 307.  The composition of claim 305 wherein the adjuvant consists essentially of glucose.

308, A population of seeds, seedlings, or other plant propagules comprising at least 10, 12, 15,

fi—

7,20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, or and/or vot more than 12, 13, 17, 20, 25, 30,

e

5,40, 45,50, 60, 70, 80, 90, 100, or 120 different microbes, wheretn at least 10, 20, 30, 40,

(a3

[y
0

50, 60, 70, 80, 90, or 95%, or 100%, of the microbes are heterologous to the seeds, seedlings,
or other plant propagules, wherein at least a portion of the microbes of the composition are

associated with the seeds, seedlings, or other plant propagules.

309.  The population of claim 308 wherein the microbes comprise mictobes of a composition

20 of any one of claims | through 302

310. A composition comprising soil in which plants are growing or have grown wherein the
soil comprises at least 1, 2, 3, 10, 15, 20, 30, 35, 40, 43, 50, 60, 70, 80, 90, or 100 and/or not
more than 2, 5, 10, 15,20, 30, 353, 40, 45, 50, 60, 70, 80, 90, 106, or 150 differcnt microbes

23 that are heterologous to the sotf and/or plants, for example, at least 1, preferably at least 5,
more preterably at least 10, even more preferably at least 15, yet more preferably at least 23,
still more preferably at least 40, or 1-150, preferably 1-100, more preferably 2-80, even more

preferably 2.

30 311 The compasition of claim 310 wherein the microbes comprise microbes of a composition

of any one of claims | through 302

312, A composition comprising soil i which plants are growing or have grown wherein the
soil comprises at feast 1, 2, 5, 10, 15, 20, 30, 35, 40, or 45 different microbes of a
35 composttion of any one of claims 1 through 302
o
-318-
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313 A plant or plant part comprising one or mare microbes of the composition of any one of

any one of clavus | through 302 disposed on or in the plant or plant part.

314. A composition comprising a population of plants wherein the plants or part of the plants
comprises the microbe or microbes of the composition of any one of claims 1 through 302

disposed on or in the plant or plant past.

315 A method comprising applving the composition of any one of claims 1 through 302, ora
denvative thereof, to a plant, or a part thercof, and/or to soil or other growth medium in

which the plant grovws or will grow, in a first apphcation.

316, A rocthod comprising applyving a composition comprsing a plurality of microbes to an

arca comprising soil by aenal application.

317, A method comprising applving to a plant growth medium

{a} a plurality of microbes, and

{b} one or more macronutrients,

{c) one or more micromitrients, and/or

{d) one or more carbon sources,

wherein a composition and/or effective amount of {a), (b}, (¢} and/or (d) 15 determined at
least in part by one or more results of a first test on one or more samples comprising growth
mediin to which the plurality of microbes is to be applicd or has been applied and/or a

component of a plant or plants growing in the growth medium.

318 A roethod comprising contacting a surface of a seed, seedling, or other plant propagule
with a composition of any one of claims 1 through 302, or a derivative produced from the

composition.

319, A method comprising contacting surfaces of a populations of sceds, seedlings, or other
plant propagules with a composition of any one of claims | through 302, or a derivative

produced from the compasition.

320,  Use of the composition of any one of claims | through 302 in reducing methane

production in soif in which plants grow compared to before use of the composition.
.310-
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321 Use of the composttion of any one of claims | through 302 in coating a surface of seeds,

scedlings, or other plant propagules with one or mare microbes of the composition.

322, Usc of the composition of any one of claims 1 through 302 in in increasing beneficial
organisms i soil in which plants grow and to which composition applied, compared to

without,

323 Use of the composition of any one of claims | through 302 1o transitioning to organic

farming in 3 vears or less, or 2 vears or less, or 1.5 vears or less.

324, Use of the composition of any one of claims 1 through 302 in improving soi deasity, soif
water holding capacity, soil water retendion capacity, in soil in which plants grow, compared

to without.

325, Use of the composition of any one of claims | through 302 in increasing mycorrhizal
o E= gl o

fungi on or in roots of plant, compared to a reference plant

326.  Usc of the composition of any one of claims 1 through 302 in preventing or reducing

flooding.

327, Use of the composition of any one of claims | through 302 in decreasing use of synthetic
fertilizer, herbicide, and/or pesticide on plants or soil in which plants grow, compared 1o
without.

328.  Usc of the composition of any one of clatms 1 through 302 in tncreasing nutrient uptake

by a plant grown 1 soil to which composition applied compared to without.

329, Use of the composition of any one of claims | through 302 in decreasing uptake of one or

more toxing, e.g., heavy metals, by plants grown in sotl conprising composition.

330.  Usc of the composition of any one of claims 1 through 302 in increasing plant nutrient

density of a plant grown in soil to which composttion applicd compared to without.
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331 Use of the composttion of any one of claims | through 302 10 reducing carbon footprint

for raising livestock.

3 332, Usc of the composition of any one of claims 1 through 302 in increasing o1l production of

a plant not cannabis.

333, Use of the composition of any one of claims | through 302 in regenerating degraded soil.

10
334. A rocthod of growing one or more microbes comprising moculating a beterologous
medium with a first population of microbes comprising microbes of the composition of a any
one of claims 1 through 392 and providing suitable conditions for one or more microbes to

SIOW.

[
W

335 A composition comprising a pure population of microbes of the composition of any one

of claims | through 302 and a heterologous growth medium.

336. A composition consisting essentiadly of a pure population of of microbes of the

20 composition of any one of claims 1 through 302 and a heterologous growth medium.

337 A method for enhancing a rate at which atmosphenc carbon is converted to carbon
products in soil in which plants are grown and/or in the plants comprising applying a

cOmposition comprising one or more microbes to the plants and/or soilin a first apphication,

N
L

wherein the rate is greater than that for reference sotl and/or plants in which the plants are

grown without the composition.

338, The method of claim 337 wherein the composition comprises a composition of any one of

claims | through 302

339. A rocthod of increasing sotl carbon content comprising allowing plants to grow in the soil
for a period of time, wherein the soil and/or plants have been treated by
(1} applying to the soil in which the plants are grown or will be grown, and/or the plants, a

first application of a composition comprising a plurality of different microbes; and
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(i1} providing suitable conditions for the plants to grow in the soil for the peried of ime;

therchy increasing soil carbon content.

340,  The method of claim 339 wherein the composition comprises a composition of any one of

claims 1 through 302

341, A composition comprising soil and plants growing in the soil, wherein the plants
comprise parts in the soil, e.g., roots, and wherein the soil and plant parts comprise

(i} a carbon content of at least 0.3, 2, 3, 5, 7. 10, 12, 15, 20, 25, 30, or 35 ke/m* and/or not
more than 0.5, 2,3, 5,7, 10, 12, 15, 20, 25, 30, 35 or 40 kg/m?, for example 0.5-40, preferably 2-
40, more preferably 5-40, even more preferably 7-35, yet more preferably 7-30, still more
preferably 7-25 ke/m® of soil; and

(uyatleast |, 2,5, 10, 13, 20, 30, 35, 40, or microbes that are beterologous to the soil
and/or plants, for example, at least 1, preferably at least 5, more preferably at least 10, even more

preferably at least 15, yet more preferably at least 25, still more preferably at least 40.

342 A method of reducing soil methane production comprising allowing plants to grow 1 the
soil for a period of time, wherein the soil and/or plants have been treated by
(1) applying to the soil in which the plants arc grown or will be grown, the plants, and/or
seeds of the plants a first application of a composition comprising a plurality of different
nucrobes; and
(i1} providing conditions for the plants to grow in the scil:thercby increasing decreasing

soil methane production.

343, The method of clamm 342 wherein the composition comprises a composition of any one of

clatms 1 through 302.

344, A method of ransferring atmospheric carbon to soil in which plants grow comprising

(i} applving a composition comprising a plurality of different microbes to the soil, plants,
plant parts, and/or seed of the plants, wherein the composition 1s applied over an area of at least
1000, 16,000, 100,000, 1M, 10M, 30M, 100M, 230M, or 500M hectares and/or not more than
10,000, 160,000, 1M, 10M, 50M, 100M, 250M, 500M, or 1B hectares, for example 1000 to 1B,
preferably 10,000 to 1B, more preferably 100,000 to iB, even more preferably IM to 1B

hectares, yet more preferably 10M to 1B hectares, still more preferably 50M to 1B hectarcs; and



WO 2025/097154 PCT/US2024/054441

(i1} providing conditions suitable for growth of the plants for a period of time, thereby

transferning atmospheric carbon to the soil to increase carbon contont of the soil.

(V8]

345, The method of claim 344 wherein the composition comprises a composition of any one of

3 claims 1 through 302

346. A method of reducing an overall carbon footprint for raising domesticated animals
comprising feeding the amimals, and/or allowing the animals to foed on, plants or parts of
10 plants, wherein the plants have been or are growing in soil to which has been applied a
composition comprising a plurality of different microbes, wherein the composition
{4} increases carbon dioxide transfer from atmosphere to soil thus mcreasing carbon
content of the soil, compared to without the composition;

(i1} increases biomass of the plants in a given area, compared to without the composition,

[
0

so that carbon produced per anit biomass of plants is decreased; and

(111} 1ncreases nutrient density of the plants, compared to without the composition, so that
less bromass of plants 1s used to produce a given amount of increase 1n econonucally valuable
attribute of the domesticated animals

or a combination thereof, thus decreasing overall carbon footprint for raising the

20 domesticated animals.

347.  'The method of claim 346 wherein the composition comprises a composttion of any one of

claims 1 through 302

N
L

348. A method of reducing water use for growth and/or mainienance of plants in soil
comprising allowing the plants to grow and/or be maintained in the soil for a peniod of time,
wherein the soil and/or plants have been treated by

(1} applving to the soil, the plants, a first application of a composition comprising a
plarality of different microbes or a derivative thereof], and

30 {ii} providing suitable conditions for the plants to grow and/or be maintained in the soil

for a perod of time,;

thereby decreasing the amount of water necessary to produce a given amount of biomass

from the plants and/or to maintain the plants m a desired state, compared to the amount of water
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necessary 1o produce the biomass and/or maintain the plants in a desired state for reference soil

and plants, for the period of time.

349, The method of claim 348 wherein the composition comprises a composition of any one of

3 claims 1 through 302

350, A method of increasing water holding capacity of soil in which plants are grown
comprising allowing the plants to grow in the soil for a period of time, wherein the soil
and/or plants have boen treated by

10 (1) applying to the soil in which the plants are grown or will be grown and/or the plants, a
first application of a composition comprising a plurality of different microbes or a derivative
thereof; and

(1) providing suttable conditions for the plants to grow wn the soil for a penod of time;

thereby increasing the water holding capacity of the soil, for example, WHC compared to

[y
0

reference soif and plants.

351 The method of claim 350 wherein the composition comprises a composition of any one of

claims | through 302

20 352, A composition comprising soil in which plants are growing or have grown wherein the
soil comprises
(i} a water holding capacity of at least 20, 25, 30, 35, 40, 45, 50, 35, 60, 653, or 70% wt/wt

and/or not more than 25, 30, 35, 40, 45, 30, 533, 60, 63, or 70% wi/wt, for example, 20-70%,
preferably 25-65%, more preferably 25-55%, vet more preferably 30-65%, still more preferably
25 35-65%, yet still more preferably 35-55%; and
(iYatleast |, 2, 3, 10, 13, 20, 30, 35, 40, 45, 50, 70, or 100, and/or not more than 2, 3,
10, 15, 20, 30, 35, 40, 45, 30, 70, 100, or 130 different microbes that are beterologous to the soil
and/or plants, for example, at least 1, preferably at least 5, more preferably at least 10, even more
preferably at least 15, vet more preferably at least 25, still more preferably at least 40, or

30 preferably 1-150, more preferably 1-100, even more preferably 1-70, yet more preferably 1-530.

353, The composition of claim 352 wherein the microbes comprise microbes of a composition

of any one of claims 1 through 302.
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354, A composition comprising soil in which plants are growing or have grown wherein the
soil comprises
(1) an average deosity of at least 0.8, 0.9, 1.0, 1L.OS, 110, 115, 1.20, 1.25, 1.30, 1.35, 1.4¢,
145,150, 1.35, 1.60, 1.65, or 1.70 and/or not more than 0.9, 1.0, 1.05, 1.10, 1.15, 1.20, 125,

1.30, 1.35,1.40, 145, 1.50, 1.55, 1.60, 1.65, 1.70, 1.75, 1.80, 1.85, 1.90, or 1.93, for example,

“n

1.0-1.90, preferably 1.05 to 1.85, more preferably 1.10 to 1.50, even more preferably 1.20-1.75,
yet more preferably 1.35-1.70, still more preferably 1.55-1.85 g/em3 dry weight of soil; and
{iiyatleast 1,2, 3, 10, 15, 20, 30, 35, 40, 45, 50, 70, or 100, and/or not more than 2, 5,
10 10, 15,20, 30,35 40,45, 50,70, 100, or 150 different microbes that are heterologous to the soil
and/or plants, for example, at least 1, preferably at least 5, more preferably at least 10, even more
preferably at least 15, vot more preferably at least 25, still more preferably at least 40 or

preferably 1-150, more preferably 1-100, even more preferably 1-70, yet more preferably 1-50.

[
W

355 A method of modulating, ¢.g., improving, one or more charactenistics of soil in which
plants grow and/or are maintained, comprsing allowing the plants to grow in the soil fora
pertod of time, wherein the soil and/or plants have been treated by

(1) applving to the soil in which the plants arc grown or will be grown and/or the plants, a
first application of a composition comprising a plurality of different microbes; and

20 (11) providing surtable conditions for the plants to grow 1n the soil for the period of time

thereby modulating, e.g.. taproving the one or more characteristics compared to

reforence soil and plants.

356, The method of claim 355 wherein the composition comprises a composition of any one of

N
L

claims | through 302

357, A method of regenerating vegetation in a soil that has been partially or completely
depleted of one or more types of vegetation and/or has reduced capacity to grow and/or
maintain new vegetation, comprismg

30 {i) applving to the soil, plants growing or to be grown in the soil, and/or seeds of the
plants a first application of a composition comprising a plurality of different microbes; and
(11} providing suitable conditions for the plants to grow in the soil for a period of time.
358. The method of claim 357 wherein the composition comprises a composition of any one of

claims 1 through 302,
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359 A method of repairing damaged or degraded soil comprising
(1} applying to the soil a first application of a composition comprising a plurahity of
different microbes; and

3 (11} providing suitable conditions for plants to grow in the sod for the period of time.

360.  The method of claim 338 wherein the composition comprises a compostition of any one of

claims 1 through 302.

10 361, A method for decreasing or eliminating flooding on land that has experienced or 18 hikely
to experience flooding, wherein soil of the land has grown, is growing, or will grow plants,
comprising

(1) applving to the soil, the plants, and/or sceds of the plants a first application of a

composition comprising a plurality of different microbes; and

1§ (i1} providing suitable conditions for the plants to grow in the soil for the period of time;
thereby decreasing or climnating flooding on the land.
362,  The method of claim 361 wherein the composition comprises a composition of any one of
claims 1 through 302
20
363. A method for mereasing density of one or more nutrients in plants or plant parts, ¢.g.,
plants or plant parts to be consumed by animals, comprising
(1} applying a composition conprising a plurality of different microbes to the sod in
which the plants are grown or will be grown and/orthe plants, ; and
23 {ii} providing conditions suitable for growth of the plants for a period of time, 6.5, a
period of time sufficient for the plants or plant parts to be suitable for consumption by the
ammals;
thereby increasing density of the one or nutrients in the plants or plant parts compared fo
reference plants or plant paris.
30
364, The method of claim 363 wherein the composition comprises a composition of any one of
claims 1 through 302
365, A method for increasing uptake of one or more plant nutrients by plants grown m soil
35 COMprising

-326-
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(i} applying a composition comprising 3 phurality of different microbes to the soil i
which the plants are grown or will be grown and/or the plants; and

(1) providing conditions suitable for growth of the plants and proliferation and/or other
actions of the microbes for a suitable duration for plant mutrient aptake to increase;

whereby plant nutricat uptake by the plants s increased.

366.  The method of claim 363 wherein the composition comprises a compostition of any one of

claims 1 through 302.

367, A method for converting one or more plant nutrients in soil 1n which plants are grown
from non-bioavatlable to biocavailable form (i) applving a composition comprising a plurality
of different microbes to the soil in which the plands are grown or will be grown and/orthe
plants; and

(i1} providing conditions suitable for growth of the plants and proliferation and/or other
actions of the microbes for a duration sufficient for the one or more plant nutrients in the soil to
convett from non-bioavatlable to bicavailable form;

whereby the one or more plant nutrients are converted from non-bioavailable to

bioavailable form.

368,  The method of clamm 367 wherein the composition comprises a composition of any one of

claims 1 through 302

369, A composition comprising a plant comprising

{1} an above-ground portion; and

{ii} a below-ground portion, wherein the below-ground portion comprises roots of the
plant and soil associated with the roots, wherein the below-ground portion comprises

{a) one or more microbes heterologous to the soil and/or plant; and

{b) a concentration of big-available nutrient that 1s greater than reference plant and soil.

370, A composition comprising a plant, ¢.g. wherein the plant or part of the plant is for animal
consumption, and soil in which the plant is growing, wherein
(4} the soil and/or roots of the plant in the soil comprise one or more microbes
heterologous to the sotl and/or plant; and
{11} the plant or plant part comprises a density of one or more nutrients, ¢.g., One 0T MOTE
nutrients for the animal, that is greater than reference plant or plant part

27
~3)F =
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371 A method to convert non-arganic agricultural practice to organte agricultural practice
COMprising
{1} applving a composition comprising a plurality of microbes to plants, and/or o soil in
3 which the plants grow or will grow, in a first application at a first ttme, wherein up to the first

time the plants and soil were subject to non-organic farming practice;

(i) providing conditions suitable for growth of the plants and proliferation and other
actions of the microbes for a pertod of time
wherein after the period of time the non-orgamc agricultural practice has been converted

10 to an organic agricultural practice.

372, The method of claim 371 whercin the composttion comprises a composition of any one of

claims 1 through 302.

[
W

373 A method for reducing concentration of a toxin in a soil, reducing uptake of the toxin by
plants growing in the soil, and/or reducing a concentration of the toxin in the plants or plant
parts, comprising

(1) applving a composition comprising a plurality of microbes to the plants, or parts
thereof, and/or to the soil, 1 a first application;

20 (11) providing conditions suitable for growth of the plants and proliferation and other

actions of the microbes for a pertod of time

wherein after the period of time concentration of the foxin in the soil, uptake of the toxin
by plants growing in the soil, and/or concentration of the toxin in the plants or plant parts is

reduced compared to before the first application.

N
L

374.  The method of claim 373 whercin the composition comprises a composition of any one of

claims 1 through 302.

375, A method of improving one or more characteristics of a tree rooted in soil comprising
30 (1) providing one or more nutrients to the soil n which the tree is rooted; and
{(u} providing a composition comprising at least 1, 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60,

70, 80, 99, 100, 120, or 150 and/or not more than 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60,
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70, 80, 90, 100, 120, 130, or 200 different microbes io the sotl and/or the tree in a first

application.

376, The method of claim 375 wherein the composition comprises a composition of any one of

claims 1 through 302

377. A method of revitalizing a dormant tree comprising applving to the soil in which the tree
is rooted and/or the tree a composition comprising at least 1, 2, 5, 10, 15, 20, 23, 30, 35, 40,
43,50, 60, 70, 80, 90, 100, 1290, or 150 and/or not more than 2, 5, 10, 15, 20, 25, 30, 35, 40,
43,50, 60, 70, 30, 90, 100, 120, 130, or 200 different microbes to the soil in wherein the
microbial composition the tree is rooted i a first application and allowing the tree to grow

for a duration of time.

378.  The method of claim 377 wherein the composition comprises a composttion of any one of

claims 1 through 302

379, A kit comprising
(1) a composition comprising at least |, 2, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 99,
100, 120, or 150 and/or not more than 2, 5, 10, 15, 20, 23, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100,

120, 150, or 200 different microbes in a first package; and

(11} a composition comprising at least §, 2, 3,4, 5,7, 10, 15, 20, 30, 40, 50, 100, or 200 and/or
not more than 2, 3.4, 5, 7, 10, 15, 20, 30, 40, 50, 100, 200 or 300 nutrients 1n a second package,

different from the first,

380.  The kit of clatm 379 wherein the composition comprising microbes comprises a

composition of any one of claims 1 through 302

381, A method compnising applying a composition comprising bacterial microbes and fungal
microbes to a plurality of tree seediings and/or growth medium in which the seedlings are

{ocated.

382, The method of claim 381 wherein the composition comprising bacterial microbes and

fungal microbes comprises a composition of any one of claims 203 through 302,



