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Embrapa - Brazilian Agricultural Research Government Corporation

Every USS 1 invested in Embrapa by the Federal government
generates an average return of USS 13.20 for the Brazilian society
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« 47 research centers
» 4 [aboratories/offices abroad
* 9,234 employees
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Brazil is a powerho

* Brazil has a largest
area of agriculture
and net exported in

Production

244 9 the world
.9
“:;lt'::: = |s the top-5 producers
of 34 commodities:
28,1 Mittions Billions " soybean, maize,
r= of tons of liters sugarcane, coffee,
Meat cotton, meat, etc

Fonte: IBGE; USDA; Cepea
Fonte referéncia: Embrapa/Sire - Novembro/2021
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PHOSPHORUS is important to plant
energy, root growth, and food
productivity
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Phosphorus Retention Potential

Brazilian soils:

Low available P, oxides
of Fe and Al, clays

and

Qligh retention potentiay
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= |ncrease the demand
for synthetic P fertilizer

= Higher production cost
to Brazilian farmers

= Only 20% phosphate is
reused by plants




Brazil’s dependence on PHOSPHATE imports - World Increasing demand for fertilizers

FERTILIZERS REPRESENT UP TO 30% OF THE

PRODUCTION COSTS
Product var. %
Maize 1stseason N NEEG—
Wheat £ —
Maize 2nd season
B Fertilizers
Coffes . S— 30%
Soybean _ of maize cost
Rice
sugarcane KC—
Cotton [ P

Chart 1. Monthly Index Prices for Key
Nitrogen, Phosphatic, and Potassic Fertilizers

Maost of the
fertilizer price
Increase cannot
be atributed
1o Russia-
Ukraine crists

Urea

BRAZIL DEPENDS ON FERTILIZERS IMPORT

)

Brazilian average consume:
40 millions y

tons, considering 1/3 for M

|

each group (NPK)

Fertilizers (NPK)

Nitrogen (N) ‘ 950/0

& 75%
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Import on average:

Phosphate (P)

Potassium (K)

Importance:

Fertilizers are used in
Brazilian agriculture, from
the commodities (eg.
soybean, maize and
sugarcane) to smallholders
(eg., rice, beans and
vegetables)

Main sources:

Russia, China and Middle
East

China, Marocco and
Russia

Belarus, Canada and
Russia

Import dependence

National Fertilizer Plan target the

fertilizer reduction fo

85% 50 a 60%




Biological solution: Efficient phosphorus cycling
In the nature for the production system
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P solubilizing and mineralizing microorganisms and Mycorrhiza




The first Technological
BIO Solution
was launched in 2019, Braazil

7Solub PHO

ol 20 Soil Biology and Biochemistry
__t‘_"g.h Vedume 41, lisue 3, Septembar 2009, Pages 1752-1787

Phosphate solubilizing microorganisms
isolated from rhizosphere of maize
cultivated in an oxisol of the Brazilian
Cerrado Biome

CA Oliveira *, VM.C. Alves =, LE. Marriel ®, E.A Gomes ®, MR, Scotti *, N.P. Carneirg ®,
. a = o CIL Guimaries” RE Schaffert s NMH. 38" & &
Bacillus megaterium Bacillus subtilis
CNPMS B119 CNPMS B2084

» Different mechanisms of P solubilization and plant promoting
imbiose

growth Emwa

» rhizospheric and endophitic strains




[ Active Phosphorus ] '

[ Inactive Phosphorus ] CP

With inoculants Without inoculants

- Biofilms
- Siderophores

- Organic acids
- Phytase

J) 3 Py ke 2 :
— 3 ; rr” \:,_,‘ .
with phosphorus solubilizing inoculants . R
without phosphorus solubilizing inoculants

Source: Embrapa

MODE of ACTION

Tropical Bacillus Strains Inoculation Enhances
Maize Root Surface Area, Dry Weight, Nutrient
Uptake and Grain Yield

. Solub

P moves slowly in the soil (max. 2-3 cm/year)
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Bacillus megaterium Bacillus subtilis
CNPMS B119 CNPMS B2084

Phosphorus PHOSPHATASE
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Simbiose




From bacteria to bioinoculant - steps
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Solub PHOS
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Isolation Caracterization Validation Release



History of isolation and selection of B. subtilis and B. megaterium strains in Brazil

5 regions, P-efficient
maize hybrids

Isolation of P solubilizers

300 rhlzospherlc
microorganisms

Emgapa
2011

150 endophytic
microorganisms

GMR

solubilizers

Muaize endophytic bacteria as mineral phosphate
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Soil Biology and Biochemistry
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Phosphate solubilizing microorganisms isolated from rhizosphere
of maize cultivated in an oxisol of the Brazilian Cerrado Biome
CA. Oliveira®, V.M.C. Alves®, IF_ Marriel”, EA. Gomes®, Mk Scotti*,

NP Carneiro ", CT. (.uumr.\ﬂ RE srhallm NMH. Sa*
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Environmental Microbiology

Endophytic Bacillus strains enhance pearl millet )
growth and nutrient uptake under low-P —

Vitéria Palhares Ribeiro®, Ivanildo Evédio Marriel®, Sylvia Morais de Sousa”,

s
Ubiraci Gomes de Paula Lana®, Bianca Braz Mattos®, Christiane Abreu de Oliveira®~,

Eliane Aparecida Gomes®**

Efficiency in the solubilization of
rock phosphates

' Efficiency in the solubilization of
iron phosphates

@ Efficiency in the solubilization of
organic phosphates

Production of IAA, enzymes,
‘ phosphatases, biofilm, EPS




Maize Inoculation

of selected Bacillus on the greenhouse conditions

Non-inoculated

50% SUPERFOSFATO
TRIPLO

ORIGINAL PAPER

Co-inoculation with tropical strains of Azospirillum and Bacillus
is more efficient than single inoculation for improving plant growth
and nutrient uptake in maize

Vistria Pathaces Ribetro' ) | Bllene Agarecida Gomes” " - Sytvis Morah g Sousa'**
Ubirac Gomes e Pauts Lana™" 7' . Antonio Marcos Costho™ ) - Ivaniiao Evodio Mamed™ =
Chestiane Abrew de Olivesrs-Paive™ !

CONTROLE Bacillus_endoB2084

hitp frwww bimicrotnal m b o

Environmental Microblology

Endophytic Bacillus strains enhance pearl millet "
growth and nutrient uptake under low-P -

Vitéria Palhares Ribeiro”, lvanildo Evodio Marriel®, Sylvia Morais de Sousa”,
Ubiraci Gomes de Paula Lana®, Bianca Braz Mattos‘, Christiane Abreu de Oliveira™*,
Eliane Aparecida Gomes®**

¥ Universidade Foderal de 500 Jodo def et St Lagoas, MO rad

® Embrupa Milheo ¢ Sorgo, Sete Lagoas, MG, trasd
© Embrupe Soko, Rio de Janeira, 1, Beasi!



Bacillus Inoculation in maize under field conditions

By Table5 Adjusted means for yield and grain phosphorus content
2 of maize inoculated with strains B2084, B119, B116 and B70 after
120 days of cultivation under field conditions with no P added (P0O)
and triple superphosphate (TSP)

First seasons: 5 strains
Last seasons: 2 strains

+11 % grain

roduction
Treatment Yield (kg ha™')* P grain (g kg™')* P
= i CNPMS B2084

B2084 9082.85" 868874 20.25%  25.10™ CN PMSBllg
B119 8659 41 %4 [ J00R4 7385 74 38540 90 ()obe +20% P
B116 11003.90™  9430.11™ 31.79M  25.66™
B70 837080 829012 23.15° 24450
Non-inoculs 8089.37M 8013.927 20.17% 23.47™ T—

on-inoculated | | ?‘ “*. i

1 -

* Adjusted means followed by the same lower case letters indicate not S Yoo )

significant differences between strains, and identical capital letters
indicate not significant differences between P sources by Tukey's test
(p<0.05)

M o rems

Tropacal Baciian Stradm maculation Enhancm Matts Root Surface
Arwa. Dry Wedght, Nutrient Uptabe and Grain Yield
Sree Wes e eetew Shee. m Pee . e e— e b eae

Setteey e weEh e Tk e Shess Wy Be o fe e Rtk
A Tows e e Ay w—te

* Partnership between Embrapa and Simbiose

Recomendagao agrondmica
de cepas de Baclus sublifis
(CNPMS B2084) & Bacilius
megatenum (CNPMS B119)
na cultura do mitho

imbiose

Bacillus megaterium
CNPMS B119

Bacillus subtilis
CNPMS B2084



Validation of Bacillus inoculants in maize field

12000

10000

8000

6000

4000

2000

12000

10000

8000

6000

4000

2000

Maize yield (kg ha'l)

(@]

2015 2016 2017 2015 2016 2017

Sete Lagoas Goias

2015 2016 2017 2015 2016 2017

Sete Lagoas Goias

B2084

B119

@ Control
B Phosphate fertilization (- inoculation)

B Phosphate fertilization (+ inoculation)

Oliveira et al. (2020)

25

20

15

10

25

20

15

10

P grain (g kg)

Sete Lagoas

Goias

c

Sete Lagoas

Goias



Inoculation of soybean with SolubPhos

Soybean

s

Control
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Lutécia-SP,
safra 2019/2020.
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*Hungria & Nogueira et al, 2020 — Embrapa Soybean SOlUb' 4l



Soybean Corn

Data from 366 Field Tests - Data from 37 Field Tests
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Sugarcane inoculated with SOLUBPHOS - 2020/2021 season

S Toe ,n'; N A\ @
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RESEARCH ARTICLE m

Evaluation of Sugarcane Yield Response to a Phosphate-Solubilizing
Microbial Inoculant: Using an Aerial Imagery-Based Model

Denize Palmito das Santes’ - Artur Soares’ - Guith de Med 7 . Daniel Chelstedol
Caio Simplicio Arantes” : Jullo Cezas Souza Vasconcelos' - Eduardo Antonio Speranza®
Lulz Antonio Falaguasta Barbosa' « Jodo Francisco Gongatves Antunes®  Geraldo Magela de Almeida Cangado'

- | WiIthEesS SOIUBPROS
Tratamento % Inéculo T halcana V] -“[J UIICS: >) JJ UPpPnos
P205 (mL/ha)
T 0 0 - g 1o A2eb 20% mais T1
mood 074
n i ’ 15% mais T1
T3 100 0
70
T4 50 250 .
15 50 500 . 13% mais T1
T6 50 750 . l
¢co 50-0 i0 50-250 S0-500 50-730 1.000
L =0 1000 %P.0--mLinoc
P inicial resina = 18,8 mg dm- (Bom)
T hat actcar
16 e 132 3 144 30 1544 24% maIS Tl
124c 13,2 bc 132 oc A C
B 16% mais T1
) 14% mais T1
a0 50-0 50-500 1.000

Eonte: Geraldo Cancado



Solub

Inoculant to increase Dhosohorus absorotlon with microrganisms

~ @ ﬁ:fii:;ered: = B119 (B. megaterium)
¥ SolubPhos” g, e _ — = B2084 (B. subtilis)
Sugarcane Em
12.000.000 @
10.000.000 10?3(-)«000
* Registered in others
h 8.000.000
6.000.000 countries: now In
£ 00000 | | Germany,
2,000,000 1.500.000 [ Argent"]e’ Urugua|’
o = | L EUA, Canada,

20121 21/22 22/23

Paraguai, etc

Growing seasons

NEW TRIALS: Sorghum, brachiaria, tomato, carrot,

.rice, beans, coffee, wheat, banana, potato, cotton, etc.



Farmers report gains in roots; productivity across the countryl

« Good to soil health, low C emissions, low cost, low water polution, and reduce the use of synthetic fertilizers

[l Mais Soja

R peEee e .« Difference in root initiation in soybean plants inoculated with SolubPhos compared to

MAIS SOJA - Pensou Soja, Pensou Mais Soja

the untreated control. Sdo Luiz do Oeste, PR.

« potential for partial or total replacement of synthetic fertilizers

R$ 1.3 billion in social prOfit to the Country in 2021: https://www.embrapa.br/busca-de-noticias/-/noticia/61084904/biomaphos-rendeu-r-

105-milhoes-ao-pais-em-2020-com-aumento-de-produtividade-de-soja-e-milho



Bioinputs: Biological so
efficiency — FAO and ONU goals
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Demands

TO ADOPT MANAGEMENT PRATICES THAT
INCREASE ORGANIC SOURCES OF NUTRIENTS,
NUTRIENT CYCLING, BIOLOGICAL INPUTS AND
LOW CARBON AGRICULTURE

/
Enpa
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of maize cultivated in an oxisol of the Brazilian Cerrado Biome

CA. Oliveira®, VM.C. Alves®, LE. Marriel®, EA. Gomes®, MR Scotti*,
NP, Carneiro”, C.T. Guimardes”, RE. Schaffert®, NMH, Sa**
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Phosphate solubilizing microorganisms isolated from rhizosphere
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Camila Cristing Vielra Velioso ™", Bruna Cerri Pereira Camargo’, Marina Del Bianco Sousa”,
Marlane Molina Buffo ", Christiane Abreu de Oliveira Palva *, Cristiane Sanchez Farinas ",
Alberto Colli Badino ™
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International Journal of Biological Macromolecules
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Regular article )
High yield of heat-resistant spores of Bacillus megaterium in bioreactors &

Modification of pectin/starch-based beads with additives to improve
Bacillus subtilis encapsulation for agricultural applications

Marina M Lopes “", Christiane Abreu de Oliveirs-Paiva *, Cristiane Sanchez Parinas %"
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Assessment of the mycorrhizal community in the

rhizosphere of maize (Zea mays L.) genotypes contrasting for
phosphorus efficiency in the acid savannas of Brazil using

denaturing gradient gel electrophoresis (DGGE)

Christiane A. Oliveira ™, Nadja M H. 53, Eliane A Gomes*, lvanildo £ Marriel*,
Maria R. Scoeti *, Claudia T. Guimarides*, Robert E. Schaffert”, Vera M.C. Alves®

= | Microbiology
Endophytic Bacillus strains enhance pearl millet
growth and nutrient uptake under low-P

Vitbria Palhares Ribeiro®, Ivanildo Evédio Marriel®, Sylvia Morais de Sousa”,
Ubiraci Gomes de Paula Lana®, Bianca Braz Mattos®, Christiane Abreu de Oliveira®*,

Eliane Aparecida Gomes"**

GMR

Maize endophytic bacteria as mineral phosphate

solubilizers

C.S. de Abren', J.E.F. Figueiredo®, C.A. Oliveira®, V.L. dos Santos’, E.A. Gomes®,

V.P. Ribeiro', B.A. Barros’, U.G.P. Lana’ and LE. Marriel*
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RESFARCH ARTICLE
Genome-guided insights of tropical Bacillus straing
efficient in maize growth promotion

Camila Cristina Vielra Velloso', Christiane Abreu de Olivefra™, Ellane
Aparecida Gomes', Ubiraci Gomes de Paula Lana™", Chainheny Gomes de
Carvalho?, Lauro Jous Moreira Guimarien’, Maria Marta Pastina®* and Sylvia
Morais de Sousats* 4
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Denize Palmito dos Santes' - Artur Soares’ . Guith de Med
Caio Simplicio Arantes” - Jullo Cezar Souza Vasconcelos' - Eduardo Antonio Speranza’
Lulz Antonio Fal rbosa’ .

AnTicLE

Evaluation of Sugarcane Yield Response to a Phosphate-Solubilizing
Microbial Inoculant: Using an Aerlal Imagery-Based Model

7 - Dawnied g

Jodo catves Antunes®  Geraldo Magela de Almeida Cangado*
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Archives of Microblology  (2022) 204:143
https://dot.org/10.1007/500203-022-02759-3

Co-inoculation with tropical strains of Azospirillum and Bacillus
is more efficient than single inoculation for improving plant growth
and nutrient uptake in maize

Vitéria Palhares Ribelro'( - Ellane Aparecida Gomes” (" - Sylvia Morals de Sousa'**® .
Ublract Gomes de Paula Lana®* (> . Antonlo Marcos Coelho®( - Ivanlido Evédio Marriel > .
Christiane Abreu de Olivelra-Palva®*

Journal of Plant Growth Regulation
https://doi.org/10.1007/s00344-020-10146-9

Check for
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Tropical Bacillus Strains Inoculation Enhances Maize Root Surface
Area, Dry Weight, Nutrient Uptake and Grain Yield

Sylvia Morals de Sousa'2?(@ . Christiane Abreu de Oliveira'2{ - Daniele Luiz Andrade? -
Chalnheny Gomes de Carvalho? - Vitéria Palhares Ribelro® - Marla Marta Pastina'® - lvanildo Evédio Marriel'23[ .
Ublracl Gomes de Paula Lana'2® . Ellane Aparecida Gomes' ©
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A public-private partnership CharaCtenStICS

between Embrapa and the

company Simbiose is the
first to offer an inoculant Technology developed in partnership with EMBRAPA

fully developed from " |
Brazilian technology for the Isolates - B. subtilis BRM 2084 + B. megaterium BRM 119

market - SolubPh ) .
SolubPhos Formulation - Suspension Concentrate (SC)
Concentration - 4x10° CFU/mL
Shelf life - 12 months in 25~30°C (77~86°F)

Application — In Furow or Seed Treatment

Pack Size (actual) - 0,5L, 1,0L, 2,0L.

"Eo\ub PHOS

2 x 2,5 Gallons =1 case*

*or another according to necessity
Simbiose'




