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2050- ~10 billion inhabitants

“"Few” Questions:

A Climate Change (water and heat
stress In plants)esilient agriculture

ANexus -WaerEommce r gy~

A FoodNutrition-Health connection

A Increase of relevance of Agriculture
and Food Industries

A Economic & Governance systems

https://population.un.org/wpp/Graphs/DemographicProfiles/Line/900



Climatic Emergency- Rio Grande do Sul (RS)
State, Brazil- May, 2024

May 12
145 deaths
confirmed

- 131 disappeared

- 2 million
Impacted people

- Impact on
agriculture (rice,
fruits,..)

- 4Embr apaéo
Centre's located
In the RS state

Porto Alegre Metropolitan Region, Population: 4.3 million, HDI= 0,762 (high) 4



2 The Brazilian Agricultural Research System

The Brazilian Agricultural Research Corporation

16 State Research
Networks 43 Embrapa Centers (created 1973)
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Private Sector
- Brazil has an active and growing private sector,

with national and multinational companies
- More recently Startups- 1,953 AgTechs (2023)




Embrapa- currently 7,680 employees (hiring in 2025)

Investment in qualifications abroad and in different areas of knowledge
and professional activities (journalists, for example).

ACADEMIC BACKGROUND* RESEARCHER ANALIST TOTAL o
AGRONOMY 1345 201 1546 32
BIOLOGY 224 78 302 B
VETERINARY 147 - 147 3
FOREST ENGINEERINGENG 95 - 95 2
HUSBANDRY 88 - 88 2
CHEMISTRY 36 78 114 2
ECONOMY 28 74 102 .
LAW - 105 105 2
JOURNALISM, PUBLIC RELATIONS (SOCIAL COMMUNICATION) - 193 193 4
MANAGEMENT - 272 272 B
ACCOUNTANT - 166 166 3

OTHERS (PHYSICS, MATERIAL ENGINEERING, ELETRONIC ENGINEERIGNG,
MECHANICAL ENGINEERING, CHEMICAL ENGINEERING, FOOD ENGINEERING)

TOTAL 2431 2431 4882

468 1284 1752

[
o

*ONLY ACADEMIC BACKGRUND - NOT NECESSARILY MEAN WORK AREA IN EMBRARPA.



Trajectory of Brazilian Agricu
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Most of theBrazilian Territorys Locate
in the Tropical Belt of the World

lture

Challenging Tropical Environments

No model to copy - decision to develop a sciern
agriculture model f or

Tropical Soils

Acid — 84%
Saline - 2%

Shallow - 7%
Flooded — 16%
No problem - 9%

Concentration of acidic and nutrient
poor soils in théropics

based tropical

Br azi

| n

n
Source NHQ/NRCS/USDA



Trajectory of Brazilian Agriculture

sus P  MULTIFUNCTIONALITY

at
e

‘j 2030
| )
SUSTAINABILITY ==mm=®=®®
SPECIALIZATION
EXPANSION
Development of a @ susTanABE GECALS
: l980l ) . .
» Sustainable Production Agriculture...

" . Platform . B r alow Chrboa Agriculture Plan
Tropicalization™ of .Food- Fibers- Energy.

.. . NO-TILLAGE SYSTEM " o h
3 varieties and animals ...Feed- Nutrition — Health...
._j, ...Environmental Servicesec o sy st em ¢

Transformation of —_— ...B!omass—_ Biomaterials- Green_ Chemistry...
Biofactories- New Manufacturing Processes...

‘9& % ...Microbiome— Bioinputs— Bioprocesses...

...Culture— Tradition— Gastronomy- Teurism...

1970

acidic and poor OO
soils into fertile soil -




Brazil can have three harvests per year

Pasture

‘./
L RN

Soybean J . 3 [e Lib W LY A

October ------------- February -===s=mmeemm----- May --m=smmemm-mm---- September



Brazilian Biomes and Land-Use

AMAZONIAN (420 mi ha) Total area 850 M ha
Amazonian 500 M ha
and other
preservation
areds
Potential of 350 M ha
Agricultural
Land

SEMI-ARID Today- 70 M ha
Grains and (sugarcane- 8 M
e CERRADO perennial ha; reforestation-
. é M ha)
<+ (SAVANNAH- 200 mi ha)
Pasture- 190 M ha
Atlantic Forest Other Areas 90 M ha
z (110 mi ha)
[:]Cerrado
B Pantanal
Pam pa

Pasture conversion to grains, integrated systems,
perennial fruit trees, planted forest, others



Global and Brazilian Food Security Contribution
Sufficient food production to 203 million of inhabitants and
exportation of around 300 products to 180 countries (around 20% of

322

MILLIONS
(2022/23)

GRAIN

29.6

MILLIONS
(2023)

MEAT

Sources: IBGE, Conab.
Adaptation and update Embrapa

total is exported)

Economy (2023)
- 24% GDP
(USS 523 billions)
- 49% exportation
- 27 % of Jobs

IONS OF TONS
)

JITS

IS OF LITERS

MILK



EVOLUTION OF GRAIN PRODUCTION AND PLANTING AREA

2022/2023
@8 3250 \iton

+406%

PRODUCTION

(million tons)

4 64%

AREA
(million ha)

1979/80 1989/90 2009/10 2019/20

source: CONAB (cutubro de 2020)

Source CropLife 2021.Adapted



Greenhouse Gases Emission- Brazil
Period 1990 - 2020

GtCQeq ..

2,500

2,000
1,00

500

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Milhoes

S

Agriculture

St

SEEG. Analise Das Emissdes Brasileiras De Gases De Efeito Estufa E Suas Implicaco
Para As Metas De Clima Do Brasil 128320, p. 3, 2021



3 Sequencing and assembly of the reference

161 X

THE FUNGAL GENOMICS RESOURCE

genome of P. pachyrhizi

JGI HOME GENOME PORTAL MYCOCOSM PHYCOCOSM  LOGIN

Home ¢ Phakopsora pachyrhizi MG2006 v1.0

SEARCH  BLAST  BROWSE  ANNOTATIONS v

MCL CLUSTERS

DOWNLOAD  INFO m STATUS  HELP!

Genome Assembly
Z Genome Assembly size (Mbp)
v Sequencing read coverage depth
# of contigs
# of scaffolds
# of scaffolds >= 2Kbp
Scaffold N50
Scaffold L50 (Mbp)
# of gaps
% of scaffold length in gaps
Three largest Scaffolds (Mbp)

1057
142.¢
746¢
746¢
7464
11(
0.2
1
0.0%

3.05, 257, 2.11

Phakopsora pachyrhizi is responsible for the Asian Soybean Rust (ASR) disease and is the major pathogen of soybean. It causes severe losses in aimost all soybean-growing areas. Nearly
300 billion tons of the legume are produced annually, and used primarily as feedstock and for bioenergy production. Yield damage caused by ASR can be dramatic (reported cases from 60
percent in the US, to total losses in tropical regions). Today, the use of fungicides is the main way to control this disease. So far, breeding approaches to identify durable and race-independent
disease resistant germplasm were unsuccessful. In order to sustainably protect soybean against rust disease in the future, a range of different strategies can be foreseen like chemical or
biological product application or plant modification by breeding or trait approaches. In all cases, a better knowledge of the biology of P. pachyrhizi could clearly foster disease management
programs.

JGI will host the genome sequences of three P. pachyrhizi isolates (K8108, MG2006 & PPUFV02) of which one is assembled at chromosome level (PPUFV02). The three genomes will be
repeat masked and annotated in the same way facilitating direct comparisons and inferences for the community. This portal summarizes annotations of isolate MG2006 while all three
assemblies are available from the download page under JGI Data Utilization Policy.

Three reference genomes (long and short readsG)Hi

Theassembledyenomesizeis around 1.05 Gb (SoybeartGenomel.2

Gb)- Thebiggestgenomeamongthe plant pathogensspecies

genomeis similarto transposong retrotransposons

Fungi (Septoria) 39Mb

Highly repetitive - (TE invasion) - more than > 90% of

Highlevelsof heterozigosity the 2
nucleisin dicaryoare not similar

International Consortium
among public and private
companies

Enipa =1 (s

B
RWTH A
BAYER
E
R
(&) UNIVERSITY OF
¥/ HOHENHEIM
‘ ene de Vigosa

JGI§ syngenta.

JOINTGENOME INSTITUTE

TheSainsburyLaboratory

TSL )BLADES

@ & YK Gupta, FC Marceli@@uimaraes, Corrain AD Farmer, Baridas ...
Human 3,3 Gb Soybean1,1Gb  Soybean rust 1,05Gb Yeast 12,1Mb bioRxiy 2022.06. 13.49568MNature Communications Submitted



INNOVATI[ON

OPEN INNOVATION
COOPERATION: LIBS to soil C

Embrapanstrumentacéae StartupAgrorobotica
(since 2015)

BabosD. V., ......, MartilNeto, L. . 2024 Frontiersin SoilScience

AgLIBS- Al: soil C content, soil
fertility and texture

A 1,200 samples/day ( 10+ times
faster than CHN Analyzer)

A Analytical quality with C analysis
cost reduction (to facilitate Soil C
market)

A Digital data soil maps

10.3389/fs0il.2023.1242647

PRO CARBON PROJECT COOPERATION WITH BAY ERCD@AAABIEArch




4 Embrapa's main activity focuses abroad

Embrapa Virtual Labs — LABEX and Projects
(data from 2014, new contexts and possibilities)

— JAPAN

SOUTH KOREA

: 4
CHINA |
. L
[ <)
7| UGANDA \;‘f;’\«
‘L kenva
BURUNDI
TANZANIA

MOZAMBIQUE

ANGOLA

TECHNICARCIENTIFIC COOPERATION
@ TECHNICAL COOPERATION




Long term Storage- Genetic Bank- Embrapa
Backup of allE mb r acpllactions
- Located in Brasit&mbrapaGenetic
Resources and Biotechnology Centre
- 700.000 samples capacity
- ALELOData Basevegetal, animal
and microorganisms origin samples
_ - Launched 2014
- Third largest in the World
- Able to genetic material exchange
- Embrapa is reviewing its breeding
programs to priorize food security
and resilience to climate change
(plant and animal, micoorganisms
for bioinputs)




Embrapa Multiuser Labs

A Multiuser Bioinformatics Laboratc (LMB

A Multiuser Laboratory of Chemistry of Natural Prodi (LMQPN

A National Laboratory of Nanotechnology for Agribusii (LNNA)

A National Reference Laboratory of Precision Agricu (Lanapr)

A Multiuser Complex of Livestock Bio efficiency and
Sustainablilit (CMB)

A Multiuser Laboratory of Biosafety for Cattle Farn (Biope)

A Multiuser Laboratory of Molecular Biolc (LMBM

A Laboratory of Sustainable System Ana (LASS))

A National Laboratory on A-Photonics (LANAI?)




Embrapa Labex USA- Animal Health — H1N1 research (2009)
Avian Influenza on Dairy Cows- USA (2024)
ARS/NADC — Ames, lowa

—— o
— 1, setembro de 2010
) SIMNN PN . -

ONEHEALTH-G ¢ 1 9 2hw[5 ! .[9 ¢h t w9+

- f ANIMALS, PLANTS AND ENVIRONMENTH, SUPPORTING
(1 {¢!Lbl.[9 59+9[hta9bca
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Marcus Kehrli- Former Director USDA-ARS-NADC  Janice ZanelldEmbrapaSwineand Poultry



5 Final Remarks

Global Food Securdyop mankind priority, however challenges to food
production most probable will be bigger than in the past (sustainable
solutions). New approaches and scientific tools needed!

Some topics relevant to international scientific cooperation: global climate
change (CC) mitigation and adaptation, zoonosis, food safety, advanced
technol ogies (I T, Al , bi ot ech, n a
anticipation to avoid new plant o
Family and small farms challengéschnological transfer, rural extension,
credits, far mer s as-smodeiniaation @eschmnalogi€sc
Role of public ag research? Very mungeded mainly due to climate change
mitigation and adaptation5o increase in publiovestmentsis critical.
Improvement inadministrative management, partnerships models (public
private), open innovation, international consortium cooperation, facility
multiuser, others
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