Biological inputs to replace the use of
fertilizers in grasses: a strategic study
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About the project

/‘
@ Objective

International Cooperation Project

= MAPA to Implement strategies_to allow
= |ICA the development and wider use
= ABB] of biological input_s, to reduce
= SENAI CETIQT dependence on imported

fertilizers, and to contribute to
the development of low-
carbon agriculture.
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About the project

Overview and events

March 2023

Technological Overview

* Products: suppliers’ websites R . i i e
i " ' S micRogioLoela G
and “Bioinsumos” app Eﬂ e e

2 Clarivate Mar 2023 zm'l OCt 2023
e Patents | Derwent PatBé_é c May Aug 2023
* Literature eguee . Events: promotion and matchmaking

Biological inputs, focusing on
fertilizer substitutes for
grasses and their potential for
reducing N20O emissions
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Who we are
ABBI

{%BIOTROP  Braskem ﬁbrf CRODA

We create chemistry
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oxitec
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The Brazilian Association of Bioinnovation (ABBI) represents companies and institutions
from several sectors of the economy that invest in innovative technologies, based on
biological and renewable resources to create products, processes or business models

generating collective social and environmental benefits.




KEY SECTORS FOR THE BIOECONOMY
WHERE BRAZIL CAN DEVELOP ITS SKILLS

Nutraceuticals Ingredients

:;grnrésrﬁac’tilzsg :\r/llijctljfit:raglaz:;ii?rlmd Health & Biological control & inoculants Animal feed
iti Food Vitami

Metabolic Engineering Enzymes nutrition D?ionkin Cultivated meat tamins

Synthetic biology Sequencing and g

Biosafety Genome Editing

Platform & Fine Lubricants

Biokerosene Biohydrogen Chemistry Fibres
Cellulosic ethanol Biobutanol Biofuels Plastics & Composites
Syngas Biodiesel packages Polymers
Biogas Ethanol Surfactants
Cosmetics Detergents Health- &

Fragrances Cleaning products
Softeners

homecare




BRAZILIAN SCENARIO

Singular aspects WH Y BRAZIL P,

AGRICULTURE

SUCCESSFUL
EXPERIENCE

BIODIVERSITY

é
é

Agriculture: Sustainable and with
available area for expansion

Biomass: Abundant and the cheapest
in the world

Previous experience: Biotechnology
and ethanol production

Biodiversity: most biodiverse country

in world
NO
ﬁ ABBI
X ASSOCIA(;AO BRASILEIRA
DE BIOINOVACAO
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Who we are

SENAI CETIQT - SENAI INNOVATION INSTITUTE FOR BIOSYNTHETIC

FUNDING AGENCIES

GOVERNMENT

UNIVERSITIES
AND
RESEARCH INSTITUTES

STARTUP ECOSSYSTEM

INDUSTRY

AND FIBERS

INOVAGAO EM BIOSSINTETICOS,
FIBRAS E INTENSIFICAGAO DE
PROCESSOS QUIMICOS

Hundreds of
clients and
projects

ivstiruro SENAI

ARl alel 5iOSSINTETICOS E FIBRAS

To develop sustainable solutions through
chemistry and industrial biotechnology
using renewable and non-renewable
resources for the establishment of new
products and processes for the industry.

BIOTECHNOLOGY CHEMICAL

SYNTHESIS AND
ANALYSES

COMPETITIVE
INTELLIGENCE
&
INTELLECTUAL
PROPERTY

FIBERS PROCESS
ENGINEERING AND

DEVELOPMENT




Why grasses? The importance of grasses and use of

fertilizers
@ CEREAL GRAINS | Brazilian maize prOdUCtion (2023)
°) (&= < = = 22.036,1 milha 5.658 kg/ha 124.677,4 mil t

~ +10,2%

( % o Comparativo com safra anterior.
= Fonte: Conab.
Fertilizers represent a high
cost in grasses production

Imported fertilizers

Dependence and
market instability

Ui estodue
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The use of fertilizers: environmental aspects

Mineral fertilizers

+ Other impacts

NVAANANANS
Soil
Mineral fertilizers cause

serious impacts to the
environment

GLOBAL N,O BUDGET JSIOLS

CHANGE IN ATMOSPHERIC
ANTHROPOGENIC SOURCES NATURAL SOURCES
73 o 9.7
(42t011.4) S (8.0t0 12.0)

4.1 0.6 1.0 1.4 0.6 5.9 34 13.5
(2.7t06.3) (0.5 t0 0.8) (0.8to 1.1) (0.7 to 2.2) (-0.3t02.3) (5.2t0 6.6) (25t04.3) (12.4t0 14.6)
A a & P &

N

Atmospheric
chemical sink

T )

Agriculture and Biomass Fossil fuel and Indirect "~ Other fluxes
waste water burning industry emission "~
% > r‘ Oceans
k]

FLUX OF N,O BY SOURCE
in Teragrams of Nitrogen per year (Tg N or million metric tons yr') for the decade of 2007-2016

Other fluxes: Lightning and atmospheric production, soil surface sink, climate change, increasing CO,, deforestation
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Brazilian leadership in biological inputs’ use

20%+ of global farmers are
adopting / willing to adopt

biologicals; Brazil is leading the
way, followed by European ot s sl Sl 5
countries y P ool Field Crops Research
Eosle
se BNt using/Not pleaning 10 #6e ELSEVIER journal homepage: www elseviar.com/fAocata/for
; v ion Loomis Review m
et 4 Biological nitrogen fixation and prospects for ecological intensification in =~ %=
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Project steps

Technological overview

Bio-inputs, focusing on fertilizer substitutes for grasses and their potential for reducing
N,O emissions

What is there

e Current uses
 Analysis of products currently?

Mi e Short- and medium-term future ) Patent searches in @ Clarivate
J

* New technologies and patent analysis Brazil in the last 5 Derwent’
years

-PatBase
* Long-term future What is the future? Search
e \What does recent research show? for articles in the world in

12 Clarivate

the last 5 years Web of Science”

e .
SH Scopus

EL
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Results
Inoculant products

Sugar cane

41 inoculants
for grasses

Bacteria

® Bacillus aryabhattai

® Bacillus megaterium
Bacillus subtilis

m Bacillus amyloliquefaciens

® Bacillus simplex

Fixation of nitrogen
m Nitrospirillum amazonense

Growth promotion

m Azospirillum brasilense

m Pseudomonas fluorescens Resistence to environmental stress — 14

Solubilization of nutrients - 8
Resistence to dieseases . 5

0 20 40
Number of products

Outros

= Main products: bacterial inoculants based on Azospirillum brasiliense.
= A. brasiliense: more than 10 million doses/ year in Brazil.
= Most important crops: maize.
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Results

Biostimulants, Patents in Brazil
bioinoculants,

biological inputs: 41 Types of grasses
patents

SYMBORG
Players gaver cropscience e 7% AGRIVALLE BRASIL 10

PARCEIROS 14%
11% '.
Cereals 31

0 5 10 15 20 25 30 35

LOCUS
AGRICULTURE

h AGRICULTURE VICTORIA
11% {

14%

M valaGro
7%

Universities and others

NOVOZYMES BIOAG A/S

18% PIVOT BIO INC E Patents
PARCEIROS

= Main assignees: companies (85%).
» Players’ country: mostly from USA, followed by Brazil, and Denmark.
= Cereals were the most representative, followed by pastures.
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Results
Patents in Brazil

4gt

Consortia
(mix of micro-organisms)

Othem@

Main microorganisms:
* Bacillus sp.

. ¢ Yeasts and fungi o Apply also other technologies:
* Pseudomonas sp. 83 | recombinant DNA technology, plant and
* Rhizobium sp. algae extracts, bioinformatics

e Azospirillum sp.

 Focus on microorganisms as inoculants and biofertilizers (90%), mainly Bacillus and Fungi.
* 48% apply microorganism consortia (recent trend).

 83% describe the use of microorganisms with other technologies.

 Few of them (10%) present information of reduction in fertilizers.
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Results

Literature search
Species and strains

m A. brasiliense

Pseudonlonas sp. Strains: AbVS,
4% AbVB, AbV7,

Rhizobium sp.
5%

= A. amazonense
HMO053, Az1, —
\ ‘ Az2, Sp245 (=N. amazonense)

A. baldaniorum

80 Fungi, algae and

cyanobacteria (or extracts)
8%

n B. subtilis

- = Strains: B-290, B-320,
Azospirillum RGBT, Ag75, RZZMISS,
LGMB12, LGMB273,

sp LGMB426,B116,
= B2084, AP-3, A1626,

(1) IP21,A2142, PRBS-1
Lysinibacillus sp. .

Methylobacterium sp.

= B. megaterium

= B. velezensis

Affiliation:
mainly

B. thuringiensis

Paenibacillus sp.
H 1 t H d Cellulosimicrobium sp.
U n |Ve rSI |eS a n Bradyrhizobium japonicum Strains: )
Agrobacterium sp. HRC54, H. seropedicae
E m b ra p a lj’:qlrjnifj;aobe;cteremylophffus ZAE94, HIV
. ibrobacter sticcinogenes 206, BR11417
Other tEChnomg'eS _ Enterococcusfagcium \-|c(’;103, HCC » H. rubrisubalbicans
10% Mesorhizobium sp. ’
. Pantoea ananatis
Plant metabolites Rhizophagus intraradices
Effluents from dairy cows Burkholderia tropica
Sugar cane pie Gluco_naceloba_c!er
Waste water of cassava diazotrophicus
. : Stenotrophomonas sp. Strains: = P_fluorescens
Waste water from pig farming Enterobacter sp. CCTB 03,
Wood ash

: AMG521,
Other bacteria Ry

By-product of the fermentation of

20% n P. ananatis
molasses




N Decumbens grass (Brachiaria
Urochloa ruziziensis
o decumbens) Pasture
(syn.Brachiaria .
ruziziensis) 4% grasses
4%

Ryegrass (Lolium

multiflorum)
9% Marandu grass
. (Urochloa brizantha, B.
Main cultures Sorghum (Sorghury brizantha)
bicolor) 43%
9%
()
y’. Wheat
N Mombaca grass
(Megathyrsus
maximus or Panicum
Sugarcane maxjmum) Guacgu grass (Paspalum regnellii)
9% Bermuda grass (Cynodon

dactylon)

Others Pangola grass (Digitaria pentzii)
22%  Buffel grass (Cenchrus ciliaris)

Tifton 85 (Cynodon spp.)

Pastures

Maize

0 5 10 15 20 25 30 35 40 45 50

Number of papers



Dados de
Culturas ja aplicadas Consorcio com Tipo de inoculagao descarbonizagao
(em kg N/ha)

Cepas mais

Em CO; eq.
(kg/ha)

Tem patente

Principais organismos
P 9 recente?

usadas/ estudadas Beneficios do usol agoes

Bactérias
e Anabaena cylindrica
iho . .
Trigo Herbaspirillum seropedicae Aumento de produtividade & rendimento, aumento da BR112021026165A2
. Bacillus thuringiensis = p .
Cana-de-aglicar B subtillis producao de graos, aumento de crescimento, BR112020016061A2
AbBVS, ABVE, ABVT, Pastagens E. rhizobium faponicum Semente desenvolvimento de raizes, inducdo de perfilhamento, BR112020002803542
Azospirillum brasiliense HMDS3, Az1, Az2, Capim-murundu - Léasfing doirania s miéipm Pulverizacio 20-130 2101365 aclimulo de M, aclo positiva em producio de hormdnios,  BR112021015218A2
CNPSo 2083 e 2084 [= Sraeiriania bainanes |, dhoodiias ranimianais | B lequminosarum Solo melhora na absorcdo de nutrientes e de dgua, maior BR112021010847A2
Azevém [ 4 ofiem i ), Capim- PS:Q < il scens tolerdncia a estresses abioticos (salino, hidrico), maior BR112020002654A2
bermuda [ Sirandag sizonadan ), Capim- udomona uore rezisténcia 4 patdgenos, maior teor de clorofila BR112020026771A2
mombiaga | Megasses maines ) FPantoea ananatis BR112020022581A2
Burkholderia amfibaria BR112022021330A2
- - Pastagem 4 BR112022009600A2
Azospirillum baldaniorum Sp245 Paspalum [ 2 - - Semente 60 630 Aumento do peso seco da parte aérea SriiTa -
A BR102020006754A2
Gluconacetobacter diszotrophicys L oameNto das piantulas. BR112022007533A2
- . . Turfa dissolvida em agua e inoculada L
Azaspirillum amazonense CBAmC, Chamc- C . Burkholderia tropica . Aumento de produtividade de colmos, aumento de N BR112020002401A2
ana-de-acucar o . . em segmentos nodais 50-120 525-1260
(=M. amazonense ) BR11145 Herbaspirillum rubrisubalbicans = acumulado BR1120190137484A2
- ; Pubverizacdo
Herbaspirillum seropedicas Irrigacdo

ok a0 esresse. maor acdo de . o Qerind X

Tem produto comercial Referéncias
Nimero de Players de com fim de fertilizagao Produto comercial para gramineas, com fim de (A - artigos grupos brasileiros altimos

Tem patente nos
ultimos 5 anos no

Brasil? patentes patentes (fixacdo e solubilizagio) fertilizagao (ficagdo de N e solubilizagdo de P ou K) 5 anos; P - patentes depositadas no

para gramineas? Brasil altimos 5 anos)

" AGFX-AZOS, GRAP NOD AL, GRAMMY CROP, AZOSPHERA
) GRAMINEAS, AZOSPHERA GRAMINEAS TURFA, AZOTROP,
LZValagro PASTOMAX, AZOS, AZOS SEMBRA, FIXARON AZOS, NTROGEO o (54521, 32 29.31)
; Sim AZ, RIZOPLANT AZOS, AZOKOP, NITRO1000 GRAMINEAS, AUFIX, -5, 2, 22,
4y PIVOT BlO AZOMAX, MASTERFIX GRAMINEAS, MASTERFIX GRAMINEAS,
s AZOTOTAL, ACCELERATE FERTILITY, AZZOFIX, BIOMAX AZUM,
novozymes HOBER AZOS, WELT, SIMBIDSE MAIZ, NITROBACTER AZP
Sim 15 - _
LOCUS . oo 50
. - P [5-15, 21, 22, 29-31
Heisen, Rl sl
(=l =]
'ﬂo oﬂ'
Arove Sim APRINZA, aliado a fungicida no o Muneo Biokit A - [17, 31-39, 60]

P - [5-15, 21, 22, 29-31]




MICROORGANISMO CLASSE
Azospirillum sp. Bactéria

MICROORGANISMO CLASSE @

Aspergillus sp., Trichoderma sp. Fungos

SOBRE O ORGANISMO
Caracteristicas gerais e acGes S&o bactérias que incentivam o crescimento de plantas, podendo ser encontradas em muitos tipos
principais: de solo em todo o mundo. O uso de inoculantes a base de Azospirillum sp. pode minimizar o
consumo de fertilizantes nitrogenados sem comprometer a producéo, gerando economia e aumento
da rentabilidade?. Tem sido intensamente aplicada em culturas de gramineas e soja no Brasil. Dentre
as acdes observadas, destacam-se: indugéo de perfilhamento, acimulo de N, a¢éo positiva em
producéo de horménios (auxinas), melhora na absorcéo de nutrientes e de agua, maior tolerancia a
estresses abioticos (salino, hidrico), maior resisténcia a patégenos e maior teor de clorofila.

Principais espécies usadas: A. brasiliense, A. amazonense (= Nitrospirillum amazonense ), A. baldaniorum

Principais cepas aplicadas: AbV5, AbV6, AbV7, HM053, Az1l, Az2, CNPSo 2083 e 2084; Sp245; CBAMC, Cbamc-BR11145

Culturas aplicadas: Milho, trigo, cana-de-agUcar, pastagens: Capim-murundu - Uruchloa brizantha (=Brachiaria
brizanta ), Urochloa ruziziensis , Azevém (Lolium multifiorum ), Capim-bermuda (Cynodon
dactylon ), Capim-mombaca (Megathyrsus maximus ), Paspalum (Paspalum regnellii )

Consorcios recentemente Anabaena cylindrica, Herbaspirillum seropedicae, Bacillus thuringiensis, B. subtillis,
descritos: Bradyrhizobium japonicum, Rhizobium tropici, R. leguminosarum, Pseudomonas fluorescens,
Pantoea ananatis, Burkholderia amfibaria

Tipo de aplicacdo: Semente, solo, pulverizagédo

Potencial de descarbonizagé@o: 20-130 Kg N/ha
210-1365 kg/ha CO, eq.

SOBRE O ORGANISMO
Caracteristicas gerais e acdes Fungos podem agir de maneira positiva na agricultura. Além do amplo uso como biodefensivos,
principais: diversas espécies de fungo podem agir na solubilizagéo de nutrientes. Aspergillus niger apresenta
potencial para solubilizar compostos de fosfato inorganico insollveis, promovendo o crescimento de

plantas.9 Fungos do género Trichoderma controlam patégenos por meio de parasitismo. Contudo, T.

asperellum tem mostrado efeitos positivos também no crescimento.*® Os fungos agem no aumento
de produtividade, favorecem a absorcéo de micronutrientes de fontes minerais, aumento do
crescimento, area foliar, taxa de alongamento, conteddo de nutrientes na planta.

Principais espécies usadas: A.niger, T. asperellum

Principais cepas aplicadas: BRMCTAA 82; UFRA-06, UFRA-09, UFRA-12, UFRA-52

Culturas aplicadas: Pastagem: azevém (Lolium multiflorum ), capim-murundu (Uruchloa brizantha )

Consoércios recentemente Bacillus subtilis
descritos:

Tipo de aplicacdo: Solo, irrigagdo

Potencial de descarbonizagéo: 12,5 Kg N/ha
131,25 kg/ha CO, eq.

PRODUTOS FERTILIZANTES PARA GRAMINEAS E NOVAS PATENTES

Numero de patentes depositadas no Brasil
(Gltimos 5 anos)

Produtos comercializados para gramineas como
biofertilizantes ou inoculantes

AGFX-AZOS, GRAP NOD AL, GRAMMY CROP, AZOSPHERA
GRAMINEAS, AZOSPHERA GRAMINEAS TURFA, AZOTROP,
PASTOMAX, AZOS, AZOS SIEMBRA, FIXARON AZOS, NITROGEO AZ,
RIZOPLANT AZOS, AZOKOP, NITRO1000 GRAMINEAS, AUFIX, AZOMAX,
MASTERFIX GRAMINEAS, MASTERFIX GRAMINEAS, AZOTOTAL,
ACCELERATE FERTILITY, AZZOFIX, BIOMAX AZUM, HOBER AZOS,
WELT, SIMBIOSE MAIZ, NITROBACTER AZP

15 patentes

@ Crop Science Lmus
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1 http://dx.doi.org/10.1016/j.s0ilbio.2016.08.020

PRODUTOS FERTILIZANTES PARA GRAMINEAS E NOVAS PATENTES

Numero de patentes depositadas no Brasil
(4ltimos 5 anos)

Produtos comercializados para gramineas como
biofertilizantes ou inoculantes

4 patentes

N&o encontrados*

v . Symbor
LOCUS Ym0

AG LTI Al SOOI IIONE %

NOVOZYIMES

AN\
\/ 77

*ndo considera defensivos
2 https://doi.org/10.3390/microorganisms 10040674, *°10.3390/ijms 23042329
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Next steps
Opinion of producers, companies and researches

e Interview with members
from well-known
Brazilian companies in
the field

Forms with different
guestions, addressed to
producers, companies’
members or academic
professionals
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Message to take home

Bio-inputs for grasses: current knowledge, some gaps and
guestions

* Most of the current products are focused on maize, applying Azospirillum brasiliense.

e Patents are focused on cereals, but also in pastures.
* They focus on micro-organisms, manly in Bacillus and fungi, using consortia together

with other technologies.

Some discussion marks to take home:

« What is needed for the further application of bio-inputs in other grasses but maize?
« What are the limitations and challenges that prevents the validation of the new technologies

developed by Brazilian research?
« Which are the limitations for the large-scale production and development of new products
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