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Plan Presentation

* Historical overview * North-South Dualities
Agricultural revolutions Dependence on natural resources
Selection and breeding Chemical inputs

Ecological intensification Technological exhaustion

* Evergreen Revolution * Biological functioning

Regional resources Agroecosystems
Agroecosystem evolution Microbiomes
Long term sustainability Biological inputs
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Historical overview - After climate warming
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Mazoyer e Roudart (2006) A History of World Agriculture
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Historical overview - Timeline of Agriculture

. . Toda
Climate Warming Y
v v
Years ago 12,000 | 10,000 | 4,500 2,000 1,500 1,000 500 300 200 120 60 30 20 +30
Hunters & Gatherers

|

Agricultural
Revolution

Slash and Burn | >
Hydraulic Agriculture >
Green Revolution |:>
|
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Historical overview - Amazonian Dark Earth

Amazonian dark earth - terra preta
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Historical overview - Agriculture and human development

Hunters & Gatherers —p Agriculture

Food production

Conquest for land Expanding
population &

use of natural
resources

Technology Population growth

\ Culture /

Adapted from Diamond (1997) Guns, Germs, and Steel: the Fates of Human Societies
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Historical overview - Centers of origin of crops

. Centres of origin of
food production

I:I The most productive
agricultural areas of the modern world

http://www.nature.com/nature/journal/v418/n6898/images/nature01019-f2.2.jpg
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Historical overview - Centers of origin of crops

Wheat, Barley, Peas, Grapes
~ 13,000 years ago

Fertile
sccm

Rice, Soybean
~ 9,000 years ago

New
[~ Guinea

Andes and

Amazonia ¥
i Banana,

Coconut

Maize, Pumpkin, Bean,
Potato
~ 10,000 years ago

. Centres of engin of
food production

D The most productive
agricultural areas of the modern world

Gruissen (2013) A coalition of plant and crop societies across the Globe
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North-South Dualities - Land use intensity

GLOBAL AGRICULTURAL ZONES

= Eurasian
Steppe

106

Canadian
Prairie
Provinces 8% Greater
Mississippi
Basin

N

Temperate

A Fertile
. G t ,
£ rescen : ’ o Yellow River

o 28 - e i

42

IMillionihectaresiof
landiisedifon
traditionalicrops;

99 percent cropland

% Rio de la Plata
Temperate 4 Region Murray-Darling

Basin
62 11

20 percent cropland |2 X
*Does not include pastureland Copyright STRATFOR 2011 www.STRATFOR.com
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North-South Dualities - Soil Quality

Inherent Land Quality Assessment

Fertile Belts
High resilience T A
High performance ™ & Wi
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§r Temperate
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Soil Performance  LOW MEDIUM HIGH Miller Projection
SCALE 1:100,000,000
ow Lo [ s HEEMe 2 o smoiow e e om0 s rew s
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FRan G, 1008
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North-South Dualities - Soil Quality

Inherent Land Quality Assessment

Tropical Belts
Medium to high resilience
Low to medium performance

Soil Resilience
Soil Performance ~ LOW MEDIUM  HIGH

Low 9 8 ea
MEDIUM | | 17 3
HiGH | 4 2 N

Miller Projection
SCALE 1:100,000,000
smiow o ame oo sow  sqm  Tam 5o

KILOWETERS

FRan G, 1008
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North-South Dualities - Agricultural soils

Temperate Tropical
e A R T LR S oy ) Ry (ﬂ‘;:z:'” o 7

L]
L] -
L]
L] L]
L]
Elton L. Valente - Serra do Cipo, MG
Latossolo Vermelho-Amarelo Distréfico Humico (LVAd)

Anions: Si0.* PO*, SO, NO; Cations:
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Temperate conditions

exchangeable

Kin

form

Kinnon-
exchangeable
form

Kin
structural
form

K in solution

North-South Dualities - Agricultural soils

Root exudates and soil micro-
organisms effect K release

Plant K uptake

Leaching
Tropical conditions

Sparks & Huang (1985) Physical chemistry of soil potassium.



North-South Dualities - Fertilizer commodities
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North-South Dualities - Potash consumptions

a) Other Crops

Sugar and 14%

Cotton

Grains

Fruit and
Vegetables

Oil seeds

Zorb et al (2014) Potassium in agriculture
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Technological Exhaustion - Nutrient efficiency

600
550 H
500 H
450 -+
400 H
350 H
300 -
250
200 -

Index

150 -
100 - —e= Fertilizer comsuption

50 - —=- Agricultural production

O T T T T T T T 1
1970 1975 1980 1985 1990 1995 2000 2005 2010

Year

Sources: Anda; IBGE e Lopes, A. S., 2007 (compiled by Polidoro, 2012)
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Technological Exhaustion - Nutrient efficiency

600
550 H
500 H
450 -~
400 H
350 H
300 -
250
200
150 -

100 - —e— Fertilizer comsuption

Index

50 4 —=— Agricultural production -+ 5.0
- Relative nutrient efficiency

O T T T T T T T 0.0
1970 1975 1980 1985 1990 1995 2000 2005 2010

Year
Sources: Anda; IBGE e Lopes, A. S., 2007 (compiled by Polidoro, 2012)
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Technological Exhaustion - Nutrient efficiency

Soil properties
I I
Physical properties Chemical properties Biological properties
High bulk density Salinity Lack of mineral transforming
Poor structure & texture Alkalinity microorganisms
Surface sealing & crusting Acidity Hypo or hyper activity of
High or low water holding capacity Elemental toxicity nutrients transforming bacteria
Water repellence Elemental deficiency Hypo or hyper activity of soil
Water logging Low organic matter enzymes
Extreme drying Lack of biological nitrogen
Poor aeration fixers
Lack of nutrient solubilising or
mobilising organisms, e.g.,
mycorthizas

Sarkar & Naidu (2015) Nutrient and Water Use Efficiency in Soil: The Influence of Geological Mineral Amendments .
A. Rakshit et al. (eds.), Nutrient Use Efficiency: from Basics to Advances
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Technological Exhaustion — Loss of organic matter

w

— LVma =——p Clayey soil

| —
|

— LVm )
AQ = Sandy soils

Organic matter (%)
N

0 1 2 3 4 5
Year after continuous cultivations
OM reduction
AQ - 80%
LVm - 76%
Source: Silva et al. (1994) LVma - 41%

MINISTERIQ DA
Em]7:pa AGRICULTURA, PECUARIA \
E ABASTECIMENTO ‘- "o rTeooent



Technological Exhaustion - Nutrient efficiency

Soils and ecological intensification

Intensive system

Extensive system
~— e

Ecological
Intensification

|

Sustainable system

Soil ecologieal

Bender et al (2016) An Underground Revolution: Biodiversity and Soil Ecological Engineering for Agricultural Sustainability.
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Technological Exhaustion — Proposed solutions

16" World Fertilizer Congress of CIEC, Rio de Janeiro (2014)

1
v 1. Nanotechnology to produce controlled or slow-release fertilizers !
1
1
v 2. Clay minerals to control nutrient release i
|
1
1
1

v’ 3. Organomineral fertilizers from NPK sources and agro-industrial waste

v’ 4, Biostimulants, biofertilizers, and biochar from humic acids and organic compounds generated in
the farm or formed by organic waste from human processes

1

|

' v/ 5. Use of in natura regional rocks (stonemeal)

E v' 6. New materials based on silicate rock transforming by hydrothermal processes (hydropotash)

f o o e e e e e e e e e e mm e e e mm e e e mm Em e e mm Em e e mm M e mm e M e e e M e e e M e e e M e mm e M e mm e M e e e M e e e M e e e e e e e e e e e e e = e
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Types of agrominerals

Rock type* Main Cations | Crust cover (% area)'® | Water solubility

Limestone (sedimentary)?!
Carbonate CO32' Carbonatite (igneous)? CaZt, Mg?* 10.0 Low

Marble (metamorphic)3

50> Evaporitic deposits Ca?*, K* 0,0 Very high
(sedimentary)*
U ci:  Evaporitic deposits K* 0,0 Very high
(sedimentary)
. . B
Phosphate [[Lo%a Phosphorite (sedimentary) Ca? 0,0 Low

Phoscorite (igneous)®

Sedimentary’
Sio,* Igneous® Ca%t, Mg, K* 90.0 Very low
Metamorphic?®

*Research examples: 1Sousa et al. (1989); 2Andrade et al. (2002); 3Raymundo et al. (2013); “Freire et al. (2014); 5Chaves et al. (2013);
5Resende et al. (2006); "Lopes (1971); 8Mancuso et al. (2014); °Duarte et al. (2012).
10Scoffin (1987).
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Bioweathering

Bonneville et al (2011) Tree-
mycorrhiza Symbiosis
accelerate mineral weathering.
Geoch. Cosmoch. Acta, 75:6988-
7005




Bioweathering

Biotite => Vermiculite +K +Si +Mg +Fe

P Position {pfane)\ 3 o O g
e oo
-K+H.0
E Position (edge) e {_ﬁj
+K -H.O
? O_© ©
3
| Position (interlayer) ¢ Potassiim(Kylon = -
g Hydrated Cations
) {Ca**, Nat, Mg™™)
K Content (%) 10 4-6 <1

CEC 0 30-50

150
, - Van Straaten (2007)
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Bioweathering

$ Nutrient availability Stability of 2:1 clay minerals

A A
v

v

2:1 clay minerals

v

10° to 10! years 103 to 104 years
Time
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Rhizosphere development

Source: Embrapa Cerrados 2017'm
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SANTOS, L.F; RODRIGUES, L.M.; MACHADO, L.L.; MOL, A.R.; SODRE, F.F.; BUSATO, J.G. CUNHA, J.C.; RUIZ, H.A.; FREIRE,
M.B.G.; ALVAREZ, V.H.; FERNANDEZ, R.B. (2015) Cargas elétricas e liberacdo de nutrientes num Latossolo sob adicdo de
sienito finamente moido. XXXV CBCS, Natal-RN, Resumos. Disponivel:
http://www.cbcs2015.com.br/anais/index.php#menuanais
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Technological Exhaustion - Pest and disease control

Before pesticide  After pesticide
application application

we =

Ly
-
L

X 4

https://commons.wikimedia.org/wiki/File%3APest_resistance_labelled_light.svg
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Solution:
Biological control




Solution: Biological equilibrium

plant properties
nutritionally self-
sufficient
resistant to biotic and
abiotic stress
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Lucero, M. E.; Debolt, Seth; Unc, A.; Ruiz-Font, A.; Reyes, L. V.; McCulley, Rebecca L.; Alderman, S. C.; Dinkins, R. D.; Barrow, J. R.; and Samac, D. A., "Using Microbial
Community Interactions within Plant Microbiomes to Advance an Evergreen Agricultural Revolution" (2014). Plant and Soil Sciences Faculty Publications. Paper 41.

http://uknowledge.uky.edu/pss_facpub/41
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Solution - Biological equilibrium

-Signaling
-Carbon- and nutrient-rich exudates
-Habitats for colonization

MICROBES

Phytohormone
production

Resource foraging
via architectural and
anatomical traits

Nutrient mineralization
and cycling

Plasticity in heterogeneous
environments

Resource transport through

mycorrhizal hyphae
Uptake through

nutrient transporters

Phosphate
solubilization

Symbiotic/associative

N fixation
Schmidt et al (2016) Using Ancient Traits
to Convert Soil Health into Crop Yield.

-Plant growth and development
-Abiotic stress tolerance




Solution: Biological equilibrium

Atmospheric Wood

provisions \ / export

Ectomycorrhizal complex

Recycling
Bacteria and fungi

" Rhizosphere

Organic matter
2 o degradation

Bacteria colonizing
a mineral surface

Mineral weathering

Drainage http://mycor.na ncy.irma\.fr/IAM/?page_id=727

LN



Solution: Biological equilibrium

Environmeng

Bioeconomy

Blaser et al (2016) Toward a Predictive

Understanding of Earth’s Microbiomes to Address
21st Century Challenges



Solution: Biological equilibrium

A Unfied Microbiome Itative

ENVIRONMENT HUMAN HEALTH

Microbes administered via
probiotic pills for novel
preventatives, diagnostics
and therapeutics

Genetically engineered
microbes for the
management of air, water

and soil quality

AGRICULTURE RESOURCES

http://news.harvard.edu/gazette/story/2015/10/mic ; v
. . . . Environmentally friendly Sustainable production
robiomes-could-hold-keys-to-improving-life/ food production and of valuable chemicals,
biofuels, and other

quality control

U commodities

En@a



New Paradigma: Evergreen Revolution

v’ 1. Biostimulants, biofertilizers, and biochar from humic acids and
organic compounds generated in the farm or formed by organic
waste from human processes

v’ 2. Use of in natura regional rocks (stonemeal)

v’ 3. Silicate rock processing by hydrothermal processes (hydropotash)

v’ 4. Management of soil and plant microbiomes
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New Paradigma: Evergreen Revolution

Ecosystem Function Soil Biological Management Strategy
Enhancing Overall Soil Biodiversity Targeted Soil Ecological Engineering
Pest control + +
Plant nutrient uptake +
Reduction of nutrient losses +
Soil formation +
Carbon sequestration + +

Bender et al (2016) An Underground Revolution: Biodiversity and Soil Ecological Engineering for Agricultural Sustainability.
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Evergreen Revolution

Use of local and regional resources

Mineral Base - new agrominerals as controlled release sources,

permanent CTC generation and increased nutrient use efficiency

Management - increase in biological activity (production system

and biological inputs)
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Thanks!
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