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Fatores Ambientais

(J Esferas Terrestres

~ Mattson (1938)
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Fatores Ambientais

(] Esferas Terrestres

Mattson (1938) Mais possibilidades...

Fonte: Martins e Couto Jr (2015) Landscape stratification
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Fatores Ambientais

(J Esferas Terrestres

L,H A, B 0‘
LH, HA, AB, g ;

LA, LB, HB
LHA, HAB, LAB, LHB !

LHAB o

Litosfera H idrosfera Atmosfe ra Biosfera

Oito interagOes para cada esfera principal
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Fatores Ambientais

(J Esferas Terrestres

Litosfera: esfera das rochas, estudada pela geologia e geofisica.
Compde 99,98% da Terra 0
Hidrosfera: esfera da agua, estudada pela hidrologia. Compoe V ;
0,02% da Terra

Compoe 0,0001% da Terra

Atmosfera: esfera dos gases, estudada pela meteorologia. @@

Biosfera: esfera da vida, estudada pela biologia. Compoe 103% da Terra

Litosfe ra Atmosfera Biosfe ra H idrosfera

I e Lt Emgpa




Apresentacgao

(d  Fatores ambientais
d  Distribuicao da biomassa
d  Modelo atual da agricultura tropical

d  Agricultura regenerativa




Planeta Terra

Massa total: 5.972 10'8 ton (100%) — 99,98% de rochas
Massa hidrosfera: 1,350 10'8 ton (0,02% ou 2 102% do total)
Massa atmosfera: 0,006 102 ton (0,0001% ou 10% do total)
Massa biosfera (em C): 0,0000006 108 ton (103% do total)

Massa da humanidade (em C): 0,01% da biosfera (10-1*% do total)
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The biomass distribution on Earth

Yinon M. Bar-On®, Rob Phillips™, and Ron Milo®®

“Department of Flant and Emdronmental Sdences, Weizmann Institute of Science, 76100 Rebovot, lsracl; Efepartment of Physics, California Institute of
Technology, Pasadena, CA 911.25; and “Division of Biclogy and Bickogical Engineering, California nstibute of Technology, Fasadena, C& 91135

Edited by Paul G. Falkowski, Rutgers, The State University of Mew lersey, Mew Brunswick, N, and approsed April 13, 2008 {received for review July 3, 2017)

A ¢ensus of the biomass on Earth is key for understanding the
structure and dynamics of the bicsphere. However, a global,
quantitative view of how the biomass of different taxa compare
with one another is still lacking. Here, we assemble the overall
biomass composition of the biosphere, establishing a census of the
=550 gigatons of carbon (Gt C) of biomass distributed among all of
the kingdoms of life. We find that the kingdoms of life concentrate
at different locations on the planet; plants (=450 Gt C, the domi-
nant kingdom) are primarily terrestrial, whereas animals (=2 Gt C)
are mainly marine, and bacteria (=70 Gt C) and archaea (=7 Gt C)
are predominantly located in deep subsurface environments. We
show that terrestrial biomass is about two orders of magnitude
higher than marine biomass and estimate a total of =6 Gt C of
marine biota, doubling the previous estimated quantity. Our anal-
yiis reveals that the global marine biomass pyramid containsg more
comsumers than producers, thus increasing the scope of previous
observations on inverse food pyramids. Finally, we highlight that
the mass of humans i5 an order of magnitude higher than that of
all wild mammals combined and report the historical impact of
humanity on the global biomass of prominent taxa, ncduding
mammals, fish, and plants.

Bar-On et al. (2018) https://www.pnas.org/content/115/25/6506

In the past decade, several major technological and scientific
advances have facilitated an improved quantitative account of
the biomass on Earth. Next-generation sequencing has enabled a
more detailed and cultivation-independent view of the compo-
sition of natural commumnitics based on the relative abundance of
genomes (14). Better remote sensing toals enable uws to probe the
environment on a global scale with unprecedented resolution
and specificity. The Tara Oceans expedition (15) s among recent
efforts at global sampling that are expanding our view and cov-
erage. Continental counterpart efforts, such as the National
Ecological Observatory Network in North America, add more
fincly resolved, continent-specific details, affording us more ro-
bust descriptions of natural habitats.

Here, we cither assemble or gencrate estimates of the biomass
for cach of the major tavonomic groups that contribute to the
global biomass distribution. Our analysis {described in detail in 57
Apperdiv) B based on hundreds of studics, including recent studies
that have overtumed cadier estimates for mamy taxa (e.g. fish,
subsurface prokarvotes, marine cukarnvotes, soil fauna).
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Distribuicao de biomassa pelos diferentes seres vivos

marine
=06
terrestrial
=470
deep
subsurface

~70
biomass [Gt C]

C terrestrial marine
consumers |20 F 5
producers 450 1

Yinon M. Bar-On et al. PNAS 2018;115:25:6506-6511
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Distribuicao de biomassa pelos diferentes seres vivos

archaea molluscs nematodes
A 7GtC 0.2GtC 0.02GtC
| annelids
0.2GtC
viruses : .
wild birds
0.2GtC 0.002 Gt C
fish
/." 0.7 GtC
¢/ arthropods
bacteria / 1GtC
70 Gt C / wild
mammals
; 0.007 Gt C
. | S—
protists furl i animals cnidarians Iivelstock humans
4 Gt C 12 Gt C 2GtC 0.1GtC 0.1GtC 0.06GtC

Bar-On et al. (2018) https://www.pnas.org/content/115/25/6506
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Toda a vida no planeta é formada por... E encontrada...

///'-‘\( 30/3/ Ol%

bactérias nos Oceanos
[ 82% =<
()] '\
)
plantas 5 /0 em terra
\ / “ todo o resto
\‘\\ pactéria no subsolo
T — Humanos sdo 0,01% da profundo

biomassa total do planeta

https://www.ecycle.com.br/component/content/article/63-meio-ambiente/6549-impacto-da-
humanidade-para-o-planeta-biomassa-da-terra.html
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Aparecimento das plantas terrestres

https://upload.wikimedia.org/wikipedia/commons/1/13/Evolutionary_history_of _microbe-microbe_and_plant-microbe_interactions.webp

0 Bacteria/bacteria
* Nutritional interdependencies
+ Biofilm formation
* Quorum sensing
» Resource competition
/ » Contact-dependent competition
o +» Secretion antimicrobial compounds

%

‘\,

2] .

2

é/
2,

Protists © Bacteria/micro-eukaryotes

» Nutritional interdependencies

* Mixed-biofilm formation

* “Fungal highway"

+ Endosymbiosis

* VOCs production

* Interception of quorum sensing
* Resource competition

+ Contact-dependent competition
«» Secretion antimicrobial compounds
* VOCs production

* Predation

= 1300 =1000

=450

Land plants

Eukaryotes ‘[ = 1850

S
F o_,: \ Virus =~ 3500

Bacteria
Archaea

G Micro-eukaryotes/micro-eukaryotes
* Nutritional interdependencies
* Molecular sensing
» Resource competition
+ Secretion antimicrobial compounds
* Predation

Mya

o Microbes/plants
* Plant growth promotion
* Nutrient exchange and solubilization
(nitrogen, phosphate, carbon)

"G 7. * Biocontrol activity
/7 i » Microbial diseases
. * Nutrient competition

Archaea interaction

Competitive >
interaction
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GROWING POPULATION

Atmospheric CO, concentration

Tropical rainforest and woodland loss
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Limites Planetarios

Phosphorus

Fonte: Rockstrom et al. (2009) A safe
operating space for humanity. Nature,
461: 472-475
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Agricultura

GLOBAL AGRICULTURAL ZONES

Eurasian
Steppe

106

Canadian
Prairie
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Agricultura

O B Inherent Land Quality Assessment

CNTUROES FERTEIS:;
Alta resiliéncia -~
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CINTUROES TROPICAIS
Média a alta resiliéncia
Baixa a média performance

Soil Resilience
Soil Performance  LOW MEDIUM  HIGH

Miller Projection
SCALE 1:100,000,000
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100 %

1
subsistence
agriculture
and
small-scale
farms

proportion of landscape mis-

o
a2

frontier

pre-settlement subsistence intensifying intensive

stage in land use transition s
T ——— )

Uso da Terra

Foley et al. (2005) Science, 309:570-574

Natural - Boreal Forest
Vegetation Savanna
Grassland/Shrubland
Tundra
Semi-Desert/Desert/ice
i
i 1 0-10%
[ 110-20%
| ‘ 20-30%
Croplands B 3 -40%
40 - 50%
50 - 60%
60 - 70%
70 - 80%
Pastures
and
Rangelands




Estamos respeitando os limites planetarios?

Mudanc¢a nos sistemas terrestres
Biomas florestais

Steffen et al. (2015) Science, 347 (Issue 6223)

Em@;a
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Como funciona a vegetacao natural ?

Mata Galeria

Latitude (Y)

ta

Longitude (X)

Carvalho Jr. et al. Rev. Bras.
Geofisica 61:399-412 (2009)
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Quais os estagios das culturas agricolas?
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Existem padroes temporais do usos e cobertura da terra de sua regiao?

__Conversao
Cerrado _——Agricultura Con
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Agricultura Conversao Cerrado
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Couto Jr. et al. Rev. Bras. Geofisica 31:393-402 (2013)




Conteudo de agua foliar
Depressao Intraplanaltica

Agricultura de sequeiro
AL
0.00 f

S
e i

2000 2002 2004 2006 2008 2010 2012

i Extensificacao
0.05 € |

v Uso agricola intensivo mais recente
v Conversao entre 2000 e 2004 (extensificacio)
v Sequeiro a partir de 2004 com duas safras

Couto Jr. et al. 1nédito
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Conteudo de agua foliar
Rampa de Coluvio

Agricultura sequeigo
——— 4 — : S ——
5 1ol n n ; ¢ Agricultura irrigacio >

) LA AN
o W VNIV

_0.10} -

2000 2002 2004 2006 2008 2010 2012

v’ Uso agricola intensivo mais antigo (antes de 2000)
v' Sequeiro até 2004 com duas safras
v A partir de 2004 intensificacdo com irrigacio

Couto Jr. et al. inédito
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Agricultura Regenerativa:
Desenvolvida em base biologica a partir de solugoes regionais

RE- -generacao
-mineralizacao
-novacao
-ciclagem
-gionalizacao
-siliéncia
"uE GuuGERREGE B weRew
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Pesquisa sobre
Agrogeologia e
ciéncias de
interface

Contribuicao dos campos de
conhecimento

1. Agrogeologia

2. Geologia
Pedologia
Climatologia
Hidrologia
Ecologia

3. Agronomia

4. Seguranca Alimentar
Saude humana
Biodiversidade
Seguranca hidrica
Mudanca climatica
Uso da Terra



Zoneamento Agrogeologico do Brasil

97.03% Potencial Econémico para Agrominerais Silicaticos
47,560mil ha ™\

2.97%
1,458mil ha

100.00%
9,392mil ha™ \

Area com poténcial de

«__0.00% Oferta de Agrominerais

Omil ha Area sem poténcial de
Oferta de Agrominerais

97.50%
55,813mil ha™ \ Potencial

[T

Moderado . _
Combinagdo (AND) da

Média do Potencial de Oferta e
Média do Potencial de Consumo
2.50% 3 , em um raio de 300 km

1,458mil ha




Classe de anion

Tipos de agrominerais

Tipo de rochas*

Cations principais

C-l

Carbonato

)

S0,

O,

PO43-

BO33-

Si0,*

Depdsitos evaporiticos

K+
(sedimentar)
Depdsitos evaporiticos Ca?* (Mg2* K*)
(sedimentar)? '
Calcario (sedimentar)?
Carbonatito (igneo)3 Ca%, Mg?*
Marmore (metamorfico)*
Fosforito (sedimentar) Ca2t
Foscorito (igneo)®
Boratos (sedimentar)’ Ca%t

Sedimentar?
lgneo?
Metamérficolf

CaZ+’ Mg2+, K+

Cobert
OREFEUra Solubilidade

da crosta em deua

% area)l! &
0,0 Muito alta
0,0 Muito alta
15 Baixa
0,0 Baixa
0,0 Baixa-Alta
85 Muito baixa

*Exemplos de pesquisa com agrominerais in natura: 1Freire et al. (2014); 2Sousa et al. (1989); 2Andrade et al. (2002); “Raymundo et al. (2013); 5Chaves et al. (2013);
6Resende et al. (2006); ’Sa e Ernani (2016); 8Lopes (1971); ®Mancuso et al. (2014); 1°Duarte et al. (2012);

10Goldschelder et al.

iiDOI :10. 1007/810040 %021

39-5
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Agrominerais regionais para a agricultura
Calcarios
 Corretivo de acidez e do aluminio toxico
» Calcio e magnésio

Fosfato natural reativo
* Fosforo e calcio

Sulfatos naturais
e Corretivo de aluminio toxico
* Enxofre e calcio; potassio, magnésio

Agrominerais silicaticos (fertilizantes e remineralizadores)
* Superficie especifica e CTC, corrige o Al toxico reagao com o Si
* Multinutriente

L 1 1L W 1Y 1 1 1 1 11 1 o o bl
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Aluminossilicato(Ca, Mg, K, Na)s + H,0 + H* + Atividade bioldgica ‘ Novas fases + (Si, Ca, Mg, K, Na)aqg + OH-

Formacao de novas fases
(minerais de baixa cristalinidade e argilominerais 2:1

Efeitos Diretos

Corregdo do solo Fornecimento de nutrientes

(hidrdlise do silicato e liberagao de bases) (Si, Ca, Mg, K...)
A0 VURRRARAREE | RaRan w




Agrominerais silicaticos

K Ca,Mg

alcalinas basaltos

Ca,Mg,K Ca

= calcissilicaticas
ultramaficas

alcalinas

'
Mg ultramaficas
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Agrominerais Silicaticos

ASiMg (dunitos, piroxenitos, serpentinitos)
Poder de Neutralizacao > 70%, SiMg (Si, Mg, Ni...), CTC minerais de baixa cristalinidade no solo

ASiCaMgK (ultramaficas alcalinas)
Poder de Neutralizacao 25-70%, (P, Si, Ca, Mg, Cu, Zn, Mn, Fe...), CTC minerais de baixa cristalinidade

ASiCa (calcissilicaticas, anortositos)
Poder de Neutralizagcao 50%, (Ca, Si, Mn, Zn...), CTC minerais de baixa cristalinidade no solo

ASiCaMg (basaltos, diabasios, gabros, anfibolitos...)
Poder de Neutralizacao 30%, (Ca, Mg, Si, Cu, Zn, Mn, Fe...), CTC minerais de baixa cristalinidade no solo

ASIK (rochas ricas em biotita/flogopita/glauconita, alcalinas)
Poder de Neutralizacao < 15%, SiK (K, Mn, Zn...), CTC argilominerais 2:1 e de baixa cristalinidade no solo

" WNRAERRRREE B unuan
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Aplicacao de Remineralizadores

Silicaticos Rizosfera

Dinamica de carbono no solo
com o0 uso de remineralizadores

Recrutamento de microrganismos
nas raizes

Acidos organicos
de cadeia curta
Hormonios

Jf‘
!

Miner:ilis CaCO; MgCO;
Secundarios

KRAHL, Luise Lottici. Mineral formation and element release from aluminosilicate rocks promoted by

maize rhizosphere. 2020.
Emwa 37




Analise de ciclo de vida (ACV) para o sequestro de carbono no solo
a partir de agrominerais silicaticos I I

BT -

Mineragao Transporte

X
l

o, &

co, cO &
O, Gota de chuvo

CO, + H,0 = H,(C0O5
CaSiOs + 2C0, + 2Hy0—Ca%* + 2HCO3 (1 ocean) + SiO2 + Hy0

Ca’* + 2HCO3 < CaCO3 in soits) + CO5 + Hy0

Formacgao de novas fases minerais com elevada
superficie especifica e carga superficial




Lefebvre et al (2020) https://doi.org/10.1016/].iclepro.2019.06.099

%A

Mineracao

—

Carbono organico

Biointemperismo

N

C da serapilheira e
exsudatos das
raizes

C associado aos
minerais

C da necromassa

Aplicacao

Sequestro

- Cda biomassa

‘
+ %

) a =‘keridge et al (2020) https://do

inw-ozo-oooam 20



Analise de ciclo de vida (ACV) para o sequestro de carbono no solo
a partir de agrominerais silicaticos I I

Mineracao
Rock mineral dissolution Exchange on clay minerals
Si‘- N{g.‘ v Alj'_>’ ‘.‘.i."

! | Yadt S aetli+ .
\.\0\\.-, Ca Fe’liiy, \""‘
Ca** C®
| [

> \-;’»},,gﬁ‘ g Biointemperismo
G i
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Newly formed clay minerals

‘Mg
W WOM- and SROM- coated grain and cation bridging




Modelagem do sequestro do Carbono
Analise de Ciclo de Vida (ACV)

Emissao (producao, transporte e aplicagao)

|

Ligsq(CO, cquivalente) = [- Prod -Trans - Apic] + Segsolo

|

Sequestro liquido

As estimativas para basalto variam

dependendo de minerais, transporte, Sequestro (inorganico, organico)

granulometria, solos, clima e manejo:
150 - 300 kg CO, ton'!

I e Lt Emgpa




Novo Paradigma
REVOLUCAO SEMPRE-VERDE

Base Mineral
Agrominerais como fontes multinutrientes de liberacao controlada

Geracao de CTC permanente

Aumento da eficiéncia de uso de nutrientes

Bioinsumos
Controle de pragas e doencas

Busca de equilibrio biotico

Fornecimento de nutrientes

Manejo

Aumento da atividade bioldgica pelo sistema de produc¢ao

I e Lt Emgpa
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Agrominerais Regionais

Base mineral

Solucgoes Locais e

Regionais
Agricultura
Regenerativa
Bioinsumos Manejo
Equilibrio bidtico — Solo coberto todo o tempo

(—
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Atividade bioldgica
Diversidade bioldgica
Biomassa microbiana

Biologicos

AUDE DO SOLO\

Indicadores de
Qualidade do Solo

Fisico-biologicos
Bioturbacao
Composicao de agregados
Estabilidade de agregados
S

Fisicos

Fluxos de agua e de ar

Quimico-biologicos
Carbono organico

Carbono da biomassa microbiana
Nitrogénio mineralizavel

Quimicos

Fosforo biodisponivel

Reteng¢ao de agua

Potassio biodisponivel
Saturacao de bases e de Al

Agregagao — CTC
r n - ) 4 n pH
FISICO qU|m|COS Suscetibilidade magnética
L 1 1L W 1Y 1 1 1 1 11 1 o o bl
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Vamos regenerar a terral

eder.martins@embrapa.br
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