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SOSTENIBILIDAD DEL RECURSO SUELO

CARLOS GARBISU

NEIKER




LA CRECIENTE DEMANDA DE RECURSOS (ALIMENTO, AGUA,
SUELO, MATERIALES ESTRUCTURALES, ESPACIO, ETC.) POR PARTE
DE LA SOCIEDAD HUMANA ESTA SUPERANDO CON CRECES LA
CAPACIDAD DE LOS SISTEMAS NATURALES PARA SEGUIR
SUMINISTRANDO ESTOS RECURSOS

NO CONDESA , NO FUE

sl
SRS, IVIVAEL CONSUMISMO! )% S
74 2%, LOQUEYODIJE _ ELLO ESTA DANANDO LA INFRAESTRUCTURA

ECOLOGICA DE LA TIERRA:

SE EROSIONAN Y CONTAMINAN LOS SUELOS
SE SECAN Y CONTAMINAN LOS RIiOS
DISMINUYEN LOS NIVELES FREATICOS

SE CONTAMINA EL AIRE

EL CLIMA SE HA INESTABILIZADO
DESAPARECEN LOS BOSQUES
DESAPARECEN MUCHISIMAS ESPECIES
ETC., ETC.
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1 iINUESTRO MODELO ACTUAL DE SOCIEDAD ES INSOSTENIBLE!!

SOSTENIBILIDAD IMPLICA VIVIR DENTRO DE
LA CAPACIDAD REGENERATIVA DE LA BIOSFERA

Desarrollo Sostenible
Aquel que satisface las necesidades del presente
sin comprometer la habilidad de generaciones
futuras de satisfacer sus propias necesidades
(Informe Brundtland)

/.

' Sostenibilidad .

Medioambiente

El clima nos esta poniendo a prueba
(Homo sapiens?
Homo sapiens: jUna fuerza geofisica! (ANTROPOCENO)

Over millions of years, the life on Earth gradually took C out
of the atmosphere and stored it underground...In one year,
we're putting back X years worth of C into the atmosphere,
mainly by using up fossil fuels




ESTAMOS EN DEFICIT ECOLOGICO - DEUDA ECOLOGICA:
CONSUMIMOS LOS RECURSOS NATURALES MAS RAPIDO DE LO QUE
TARDAN EN REGENERARSE

Earth Overshoot Day
Is Coming Sooner and Sooner

Historical dates of Earth Overshoot Day

1980
1985
Jan. 01 Dec. 31

Earth Overshoot Day marks the date
when humanity’'s demand for ecological
resources in a given year exceeds what
Earth can regenerate in that year.

Source: Earth Overshoot Day

statista %

Calculate your personal Overshoot
Day

Our mobile-friendly calculator is now available in eight
languages. You can use it to measure your Ecological
Footprint and determine your personal Earth Overshoot
Day. The tool helps users learn about solutions so we can
all tread more lightly on the Earth.

CALCULATE NOW

1 Earth 'I 75 Earths
amn EarthOvershoot Day
1971 - 2024
December
November
October
September
August
July
June
May
April
March
February
January
S PP L P LL LA LA Ry ou" ch\ \\\\\\
@O EEE;:"“T FOdQF@ f:".'ff’.":"’.?’“‘i‘. Bosed on National Footprint and Biocapacity Accounts 2023 Edition

CONCLUSION:
MODELO INSOSTENIBLE
;Deuda ecolégica o
expolio ecolégico?




Country Overshoot Days 2024

When would Earth Overshoot Day land if the world’s population lived like...

Feb 1
Mov 24 | Ecuader, Indunasiuh - | Qatar
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Maov 15 | Iraq Feb 20 | Luxembourg

Nav 12 | Jamaica Mar 4 | United Arab Emirates

= / Mur 14 | Unllad States of America
- ,-'/ Mar 15 | Conada

Mar 16 | Denmark
et 18 | Guatemala s

s "'"d-'"'_- .
Ot 14 | Cuba e - / Mar 23 | Belgium
—
Oct 9 | El Salvador P G — e April 1 | Metherlands
Oct 5 | Colembia = = //‘ April 4 | Republic of Korea

— 5 Apr 5 | Australia, Russia, Saudi Arabia
=" Apr7 | Austria
: __‘://' April 11 | Mew Zealand
= ————"—" April 12 | Finlond, Morway
Sep 18 | Uzbekistan, Venezuela | — _ i ’jf__,.--‘ :;Jrglta Ii;’.mj'L Republic
= — r weden

?Apnl 25 | Slovenia

/’ May 2 | Germany, Ireland

Sep 4 | Algeria = May 7 | France
Sep 3 | Peru 3 May 12 | Israel
B N /Muy 16 | Japan
Aug 29 | Mexico % May 19 | Italy
Aug 25 | Panama * ~——* May 20| Spain

Aug 23 | Thailand

= :lf* May 23 | Chile
Aug 19 | Namibia

—* May 25 | Greece, Hungary

#ug 14 | Vietnam A = : \ : * Moy 27 | Switzerland
_ / \ \\ May 28 | Croatia, Portugal
Aug 4 | Brozil . X \ \ , (" Moy 30 | Montenegro
luly 31 | Costa Rica / e IR ¢ June 1 | Ching
July 20 | Romania “u June 3 | United Kinad
3117 | Bolivia ok N (gl

June 23 | Paraguay June 20 | Argentina, South Africa

For a full list of countries, visit overshootday.org/country-overshoot-days Ly
EARTH .
oversHooT Source: National Footprint and Biocapacity Accounts, 2023 Edition Global Foolprint Network
DAY data.footprintnetwork.org e e



ESCUCHEMOS A LAS CIENTIFICAS Y LOS CIENTIFICOS

WORLD SCIENTISTS” WARNING TO HUMANITY

INTRODUCTION Human beings and the natural world
are on a collision course. Human activities inflict harsh
and often irreversible damage on the environment
and on critical resources. If not checked, many of
our current practices put at serious risk the future
that we wish for human society and the plant
and animal kingdoms, and may so alter the
living world that it will be unable to sustain
life in the manner that we know. Fundamen-

tal changes are urgent if we are to avoid the
collision our present course will bring about.

person in five lives in absolute poverty without enough
to eat, and one in ten suffers serious malnutrition.

No more than one or a few decades remain

before the chance to avert the threats we now
confront will be lost and the prospects for
humanity immeasurably diminished.

WARNING We the undersigned, senior

members of the world’s scientific commu-

nity, hereby warn all humanity of what

lies ahead. A great change in our steward-

ship of the earth and the life on it is

required, if vast human misery is to be
avoided and our global home on this planet
is not to be irretrievably mutilated.

THE ENVIRONMENT The environment is
suffering critical stress:

The Atmosphere Stratospheric ozone deple-
tion threatens us with enhanced ultraviolet radia-
tion at the earth’s surface, which can be damaging
or lethal to many life forms. Air pollution near ground
level, and acid precipitation, are already causing wide-
snread ininrv to humans. farests. and crons.

WHAT WE MUST DO Five inextricably linked

areas must be addressed simultaneously:

1992

World Scientists’ Warning to Humanity:
A Second Notice 2017

WILLIAM J. RIPPLE, CHRISTOPHER WOLF, THOMAS M. NEWSOME, MAURO GALETTI, MOHAMMED ALAMGIR, EILEEN CRIST,
MAHMOUD |. MAHMOUD, WILLIAM F. LAURANCE, and 15,364 scientist signatories from 184 countries

World Scientists’ Warning of a Climate Emergency
2020

WILLIAM J. RIPPLE, CHRISTOPHER WOLF, THOMAS M. NEWSOME, PHOEBE BARNARD, WILLIAM R. MOOMAW
AND 11,258 SCIENTIST SIGNATORIES FROM 153 COUNTRIES (LIST IN SUPPLEMENTAL FILE S1

World Scientists’ Warning of a Climate
Emergency 2021

World Scientists’ Warning of a
Climate Emergency 2022

Biological Conservation

ELSEVIER journal homepage: www.elsevier.com/locate/biocon

Perspective
Scientists' warning to humanity on insect extinctions

Pedro Cardoso™", Philip S. Barton”, Klaus Birkhofer®, Filipe Chichorro®, Charl Deacon,
Thomas Fartmann®, Caroline S. Fukushima®, René Gaigher", Jan C. Habel', Caspar A. Hal

NO PARECE QUE SEAN
VACUIDADES VERBORREICAS



AYUDA DESDE EL ARTE — LAS HUMANIDADES

EARTH
OVERSHOOT
DAY




INVOLUCREMOS A LOS ARTISTAS PARA QUE SIEMBREN EMOCIONES

BANKSY

GATA CATTANA (nunca fue pez de orilla)

LA ESCALA DE MOHS

Yo me vendi por tres milimetros
de iris azul tanzanita

en cada ojo,

lo que hace un total de seis

por dos de ancho

milimetros de iris azul radiactivo,
azul heisenberg.

Bl

SEXO
Si

Simone de Beauvoir: “No se nace mujer, se llega a serlo”

FEMINISMOS

Gata: “Nunca me senti sola porque estabamos juntas”
Gata: “No vine a ser carne, vine a ser espuma”



Dec 12: Denmark

Dec 16: Japan
Dec 11: USA .
o 10 S i
> D;CFmi Canada Dec 20: Korea Jan 9: Eritrea
ac 3. Frrance .
Dec 8: United Kingdom - .'.i‘,fgf?:m
Dec T: Australia Jan 28: Senegal
Dec 4: Poland Feb 2: Sri Lanka
Nov 27: Spain Feb 14: Nigeria
Nov 23: Ireland Feb 18: Pakistan
e .
Nov 10: The Netherlands otC JAN G e
\ A / Arab Emirates
&
Oct 22: Italy N &
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A~ Z Mar 25: Mol
0 ar H
Oct 6: Algeria o DV E R >
Sept 29: China SHOOT Apr T: Mongolia
Sept 25: Colombia I~ D AY@ =
Sept 24: Malaysia ‘L&", -%J
2024 Apr 23: India
Apr 27: Russian
Sept 9: Chile // ‘9/) *&"\ \ Federation
POD Global 2024: & ¥
September 5" Al Nﬂ? May 1: Libya
Aug 26: Mexico r 3
Aug 16: Argentina . May 16: Bolivia
ay 16:
Aug 11: Brazil May 19: Morocco

Aug T: Greece
July 23: Indonesia |
July 15: Thailand
July 13: Peru
June 30: Tunisia

June 22: Venezuela

June 9: South Africa
June 13: Lebanon
June 14: Ukraine
June 16: Vietnam
June 20: Turkey



HUELLA ECOLOGICA

Métrica que mide la cantidad de naturaleza que tenemos y la cantidad de naturaleza que utilizamos

How many Earths does it take to support humanity?

2013: 20 AGOSTO

= @® Business as usual @ @ 2014: 19 AGOSTO
Earth Overshoot Day:
" one 26, 2030 2015: 13 AGOSTO
2.0 1 2016: 8 AGOSTO
2017: 2 AGOSTO

IR o = 2018: 1 AGOSTO
o cological Footprint \
E @ 6 2019: 29 JULIO
T e e | 2020:22 AGosTO
: ® Corben emissions educed 0% | | 2021: 29 JULIO
Z 05 - September 16, 2030 : 2022: 28 JULIO
i 2023: 2 AGOSTO
0.0 : - - - - - 1 2024: 1 AGOSTO
1960 1970 1980 1990 2000 2010 2020 2030
Year

PROYECCIONES (valen para no cumplirlas)
NO PREDICCIONES
Una mutacidny .....




ES DIFICIL SABER EXACTAMENTE CUANTA AREA BIO-PRODUCTIVA ES NECESARIO RESERVAR PARA
LOS OTROS “X” MILLONES DE ESPECIES CON LAS QUE COMPARTIMOS EL PLANETA

Proponen dejarles al menos un 10-25% de la superficie terrestre (y una cantidad aun por
determinar del mar). The Brundtland Report recomendaba, al menos, un 12%

First modern man (59:59.9)

lce Ages (59:59.2) ]
First human ancestor (59:58.8)

Cenozoic Era, Mesozoic r Earth's crust forms (00:01)
extinctions (59:09)_/\/\
First bird (57:58) —

Inferred origin of life? (9:18)
1

Oldest rocks preserved
on the Earth's surface
(10:27)

First mammal (57:07) — ARt !
First dinosaur {57:01) — 1 2
Mesozoic Era, Paleozoic 1 1 1
extinctions (56:48)
F!rst reptllefs_(55:42) — 1 O 2 C\
First amphibians (55:22) - _
First insects (54:59) —— = First_ fossil evidence
First land plants (53:26)— 9 3 ot life; algee:colls
' 8

(13:04)
First fish (53:25)
Paleozoic Era, first diverse

sea life (52:34) /
First jellyfish (51:12)

First multi-celled organisms, P
seaweed and algae (41:45)

First bacteria
(17:37)

First cells with a nucleus (40:26)

4.6 billion years in one hour

Humans 11:58:43
Mammals 11:39

Dinosaurs 10:56

Coal Swamps 10:24 0:00:00 Formation of Earth
Land Plants 9:52 Meteorite Bombardment
Trilobites 9:04 ‘\/\?100 Ll
Jellyfish 8:48 /
Seaweeds \
8:28 \o o o
g rigin
B of Life
Sexual 5:36
Reproduction @ o;f/ Oldest
6:08 Fossils

6:00 to 1:52
Abundant Banded
Iron-Formations

Single-Celled / —
Algae (Acritarchs)
2:08

VAMOS AJUSTANDO EL RELOJ



Humans

Mammals

_ Vascular
Shelled  Planis

Origin
of Earth

Life’s
igin?
s Anaerobic

\/ Chemolithoautotrophs
/ Ancerobic
2 e

2 Chemocheterotrophs

Algae

Precambrian

Anoxygenic
Photosynthetic

Macroscopic .
: Bacteria

Eukaryotes

Aerobic
Chemalithoautotrophs

Aerobic
Chemoheterolrophs

Cyanobocteriq

Primifive
Eukaryotes

The Earth’s biogeologic clock? Modified from Des Marais (2000).

.Y si pasamos de ellas?
La biodiversidad suministra resistencia y resiliencia (estabilidad)



Si se mantiene esta tendencia, necesitaremos al menos
3 planetas para abastecernos en 2050

LA CANTIDAD TOTAL DE ESPACIO BIOLOGICAMENTE

PRODUCTIVO EN NUESTRO PLANETA DECRECE DIA A DIA
POR:

$DESTRUCCION DE HABITATS: URBANIZACION
+DEGRADACION DEL SUELO

S DEFORESTACION

+SOBREEXPLOTACION DE RECURSOS: SOBREPESCA
LA CONTAMINACION

<+ CAMBIO CLIMATICO, ETC.

SISTEMICOS: interconectados - interdependientes



Toda el agua oceanica de la Tierra (esfera grande), el agua dulce (mediana) y el agua dulce accesible al ser humano (pequeia)

LA TIERRA DESPOJADA DE SU AGUA

i i i 4 i Image credit: Howard Perlman, USGS; globe illustration
Se estima que la profundidad media del océano es de aproximadamente 3,9 km by Jnck Gook, Woads Hale Goeanogranhie. Inatiution. ()

El radio de la Tierra es de 6.371 km and Adam Nieman




UNEP: United Nations Environment Programme

Report: Keeping Track of Our Changing Environment.
From Rio to Rio+20 (1992-2012)

Since 1992, the human population has grown by 1,450 million people

Global CO, emissions continue to rise, with 80% emitted by only 19
countries

Global mean temperature increased by 0.4 °C between 1992 and 2010
The 10 hottest years ever measured have all occurred since 1998
Oceans are also warming, while sea-level rise continues unabated
Oceans are becoming more acidic

Most mountain glaciers around the world are diminishing rapidly



UNEP: United Nations Environment Programme

Report: Keeping Track of Our Changing Environment.
From Rio to Rio+20 (1992-2012)

Higher agricultural yields depend heavily on the use of fertilizers

Three crops have expanded dramatically in the tropics, often replacing
primary forests: sugar cane (ethanol), soybeans (livestock fodder), palm olil
(for food and drug products, biofuel production). Soybeans and sugar cane in
South America and palm oil in Indonesia

Ever-increasing numbers of grazing animals degrade already impoverished
grasslands

Renewable energy sources (including biomass) currently account for only
13% of global energy supply. Solar and wind energy account for only 0.3% of
global energy supply

The number of passenger trips by airplane has doubled since 1992



¢ CONSEGUIREMOS UN MUNDO SOSTENIBLE?
¢ SUPERAREMOS LOS RETOS AMBIENTALES QUE COMPROMETEN LA SOSTENIBILIDAD?

ESCENARIOS , No lo sé (la sociedad no es una
O MADUREZ ECOLOGICA e )

0 SALVACION TECNOLOGICA pOSItIYIdad cognoscible) pero hablemos
0 DESASTRE de actitudes frente a los retos

NEGACIONISTAS: teorias conspiranoicas, invento para manipularnos — INACCION
CATASTROFISTAS: futuro distdpico, vamos a morir todos — INACCION
AVESTRUCES: no me cuentes nada que no quiero saber — INACCION
INGENUOS: aqui no va a afectar, eso es en el sur » INACCION
INDIVIDUALISTAS: me da igual, a mi no me va a afectar —» INACCION
CINICOS: nada que hacer, la gente es idiota, nadie cambia — INACCION
OPTIMISTAS: no te preocupes, se descubrira algo — INACCION

Ni tecnofobia (no hay nada mas humano que la tecnologia) ni tecnolatria

iNo somos omnipotentes!

FRENTE A ESTAS ACTITUDES, DOS TERI\/IINOS QUE MUEVEN A LA ACCION REQUERIDA,
LEASE, A LA MITIGACION + ADAPTACION (NO PALIATIVA)

ETICA INTEGRADORA: SEAMOS BUENOS ANTEPASADOS (Roman Krznaric)
ESPERANZA: siendo consciente de la posibilidad del fracaso, se aferra a la posibilidad del éxito

a pesar de las circunstancias, impulsado por un intenso compromiso con un resultado en el que
cree



SEXTA EXTINCION

Edward O. Wilson BIODIVE RSIDAD
27.000 especies / afno .
/2 especies / dia RGCUT’SO en pellgro

3 especies / hora

150 especies al dia (6,25 / hora)
30 especies de insectos al dia

W M e & T

2018: 1.780.000 especies
2 millones aproximadamente

How much life there is on Earth?
WE DON'T HAVE THE FAINTEST IDEA



Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services

IPBES (2019): Global Assessment Report on Biodiversity and Ecosystem Services of the

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. E. S.
Brondizio, J. Settele, S. Diaz, and H. T. Ngo (Eds). IPBES Secretariat, Bonn, Germany

SEXTA EXTINCION MASIVA
8 Millones

Numero estimado de especies de
animales y plantas (5,5 millones
de insectos) en nuestro planeta

1 Millon
Especies en riesgo de extincion
(SIGLO XXIl)

1 millén de especies en 80 afos >>>>

i34 especies / dia!
i1,4 especies / hora!
Se calcula que actualmente se extinguen

aproximadamente unas 20.000 especies al ano
(2,3 especies a la hora)




(A)

UN PLANETA
INEXPLORADO
BIOLOGICAMENTE
HABLANDO

N Bacteria and similar
forms 4,800 =2

Insects 751,000

~ All other
animals

g
Plants 248,500

Protists (single-celled 5 ? =
organisms with nuclei) Fungi 69,000
30,800 Algae 26,900
Accuracy
(B) of estimate
Viruses Very poor
% Undescribed species
Bacteria Very poor B Described species
Nematodes Poor
Crustaceans Moderate
Protists Very poor
Algae Very poor
Vertebrates Good
Mollusks Moderate
Fungi Moderate
Spiders Moderate
Plants Good

S

Insects Moderate

| | 1 | 1 I

02 0.4 06 038 1.0 1.2 14 16 18

Number of species (millions)




VIVIMOS EN UN PLANETA

y &

BIOLOGICAMENTE

INEXPLORADO

Organism size

Group

Vasaular plants

Known species

350700

Estimated species

400000

% described

88%

Mites

40000*

100000

Earthworms 7000* 30000* 23%
Ants 14000 25000-30000 60-50 %
Temites 2700 3100 87 %

55%

Collembolans

Nematodes

8500*

20000-25000*

50000

1000 000-10000000*

17 %

02-25%

Protists 21000 7000000-70000000* | 0.03-0.3 %
Fungi 97000 1500000-5100000 19-65%
Bacteria 15000 >1000000 <15%




A ZOMBIE IDEA

lar life

insects

monera (bacteria and
sirmilar forms) 4,600

Microorganisms

other animals
280,000

(Archaea, Bacteria and

Unicellular Eukaryotes)

©1996 Encyclopaedia Britannica, Inc.



CAUSAS DE LA PERDIDA DE BIODIVERSIDAD
(Robert Watson, Shahid Naeem)

DESTRUCCION DEL HABITAT (en este momento, la mayor)
O Tala de arboles para agricultura y ganaderia
O Soja, cacao, café, aceite de palma, carne
CAMBIO CLIMATICO (seré la mayor)
CONTAMINACION
CAZA Y TRAFICO ILEGAL DE FAUNA SILVESTRE, a menudo por sus
propiedades “medicinales”
O Trafico de pangolines - escamas: 175.000 interceptados en 2019. Las
8 especies de pangolines estan en riesgo de extincion

Numero de mamiferos: 60% ganado, 36% humanos, 4% resto
Escalera de la extincion

. ., e
MAYOR RIESGO DE PANDEMIAS: comercio ;""" .
con vida salvaje, destruccion de habitats, etc. | V.
incrementa el contacto con la fauna silvestre (y
al desaparecer los grandes depredadores,
aumentan las ratas, ratones, murciélagos,...)




1937
WORLD POPULATION: 2.3 BILLION
CARBON IN ATMOSPHERE: 280 PPM
REMAINING WILDERNESS: 66%

1978
WORLD POPULATION: 4.3 BILLION
CARBON IN ATMOSPHERE: 335 PPM
REMAINING WILDERNESS: 55%

1954
WORLD POPULATION: 2.7 BILLION
CARBON IN ATMOSPHERE: 310 PPM
REMAINING WILDERNESS: 64%

1997
WORLD POPULATION: 5.9 BILLION
CARBON IN ATMOSPHERE: 360 PPM
REMAINING WILDERNESS: 46%

1960
WORLD POPULATION: 3.0 BILLION
CARBON IN ATMOSPHERE: 315 PPM
REMAINING WILDERNESS: 62%

BAVID ATTENBOR uu'l.'fﬂ-i

A LIFE ON

OUR PLANET>

2020

WORLD POPULATION: 7.8 BILLION
CARBON IN ATMOSPHERE: 415 PPM
REMAINING WILDERNESS: 35%

Extinction: The Facts




Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES)

IPBES (2019): Global Assessment Report on Biodiversity and Ecosystem Services of the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services. E. S.
Brondizio, J. Settele, S. Diaz, and H. T. Ngo (editors). IPBES Secretariat, Bonn, Germany

d 75%: terrestrial environment “severely altered” to date by human
actions (marine environments: 66%)

O 8 million: total estimated number of animal and plant species on
Earth (including 5.5 million insect species)

O >75%: global food crops that rely on pollination (insects — see your
car: parte esencial de la cadena tréofica de miles de especies)

 Tens to hundreds of times: the extent to which the current rate of
global species extinction is higher compared to average over the last
10 million years, and the rate is accelerating (x 1000)

d Up to 1 million: species threatened with extinction, many within
decades



1 Most: Aichi Biodiversity Targets for 2020 likely to be missed

O >85%: of wetlands present in 1700 had been lost by 2000 —
loss of wetlands is currently three times faster, in percentage
terms, than forest loss

d 70%: increase since 1970 in numbers of invasive alien species
across 21 countries with detailed records (incluso en la
pelicula “Alien Covenant” de Ridley Scott)

d 23-30%: land areas that have seen a reduction in productivity
due to land degradation

1 100 million: hectares of agricultural expansion in the tropics
from 1980 to 2000, mainly cattle ranching in Latin America and
plantations in Southeast Asia, half of it at the expense of intact
forests

 50%: agricultural expansion that occurred at the expense of
forests. 40% de la comida producida se desperdicia en origen



HOMEOSTASIS PLANETARIA EN PELIGRO
El equilibrio de la Biosfera se derrumbara si seguimos

arrancandole eslabones

Sostenibilidad » Estabilidad (resistencia y resiliencia)
» Biodiversidad

La salud del suelo depende de su
resiliencia: jCONSTRUYE SALUD,
CONSTRUYE RESILIENCIA!

:ES TU SEGURO!

HIPPO
Habitat destruction
Invasive species
Pollution
Population
Overharvesting

LA AGRICULTURA ES
RESPONSABLE EN PARTE




Mechanisms that underlie the relationships between
biodiversity and function:

REPERTOIRE: a diverse system will inherently carry a wider suite of
potential abilities that will underwrite a wider range of functions

INTERACTIONS: a greater diversity of organisms offers a greater
potential for interactions, and a more complex network of
interactions may be more adaptive to change and resilient to
disturbance

REDUNDANCY: the more organisms there are that can carry out a
function, the more likely it is that if some are incapacitated or
removed the process will remain unaffected; those that remain may
fill the gap

Bilodlvdsity



RECORDAD: TASA DE EXTINCION Y TASA DE FORMACION DE ESPECIES

THE SIXTH
EXTINGTION

AN UNNATURAL HISTORY

Ty
rarw

dothid o Nl Wil s 8 Calii ioshe

ELIZABETH KOLBERT

And FUNCTIONAL EXTINCTION

The reduced population no longer plays a
significant role in ecosystem function, or the
population is no longer viable

There are no individuals able to reproduce, or the
small population of breeding individuals will not be
able to sustain itself due to inbreeding depression
and genetic drift, which leads to a loss of fitness

Frontiers in Forest and Global Change — 15 April 2021 — Plumpter et al.
WHERE MIGHT WE FIND ECOLOGICALLY INTACT COMMUNITIES?

ECOLOGICAL INTEGRITY
HABITAT INTACTNESS: no anthropogenic
habitat conversion / transformation

BIOTIC (FAUNAL) INTACTNESS: multiple
taxonomic groups studied, but the focus is primarily
on mammals, because large and medium-sized
mammals are often the first species to be affected by
hunting

FUNCTIONAL INTACTNESS: where there is no
reduction 1n biota (faunal) densities below
ecologically functional densities. Below a functional
density, important biotic INTERACTIONS are
likely no longer fulfilling their ecological role

ECOLOGICAL INTEGRITY IN PLANET EARTH
> 2.8% of terrestrial surface
» Only 11% of that 2.8% is protected



EN UN PUNADO DE SUELO DE UN PASTO TEMPLADO

Microorganismos Mesofauna Macro/Megafauna
Microfauna 100 yM - 2 mm >2 mm
1-100 uM
Bacterias Tardigrados Lombrices
100 billones

10.000-50.000 especies
(1.000.000 especies / 10 g)

Hongos Colémbolos Hormigas

50 km hifas

>500 especies

Protozoos (protistas) Acaros Centipedos,
100.000 cochinillas, etc.
>100 especies

Nematodos Juntos: Juntos:

10.000 >1.000 >100

>100 especies >100 especies >10 especies
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Rewmer 2l

Take home
messages

Biodiversity has many facets:

v' Richness

v' Evenness

v' Composition

v’ Phylogenetic relatedness

v Alpha, beta, gamma

v’ Structural, functional, interactions
v’ Spatial and temporal

v’ Interactions

v Genetic, species, ecosystems
v Etc.

SOIL BIODIVERSITY, SOIL'S BIOLOGICAL INFRASTRUCTURE,
SUPPORTS THE MANY SOIL PROCESSES UPON WHICH KEY SOIL
ECOSYSTEM SERVICES RELY (ECOSYSTEM SERVICES UPON
WHICH OUR CIVILIZATION DEPENDS FOR SURVIVAL, WELL-BEING
AND HEALTH)

¢, TIENE SENTIDO HABLAR DE BIODIVERSIDAD?

¢TIENE SENTIDO PREGUNTARSE Sl ESTE
CONTAMINANTE ESTA AFECTANDO A LA
BIODIVERSIDAD DEL SUELO?

¢, TIENE SENTIDO PREGUNTARSE SI ESTA
PRACTICA AGRICOLA ESTA AFECTANDO
POSITIVA O NEGATIVAMENTE A LA
BIODIVERSIDAD DEL SUELQO?

Look for / discard patterns

SOIL BIODIVERSITY IS THE FOUNDATION OF SOIL FUNCTIONING / SOIL HEALTH

SOIL BIODIVERSITY SUPPORTS THE STRUCTURAL AND FUNCTIONAL NETWORKS (SOIL'S
ECOLOGICAL INFRASTRUCTURE) THAT CONFER ECOSYSTEM ATTRIBUTES (emergent properties).
BIODIVERSITY CONFERS RESISTENCE AND RESILIENCE THROUGH A WIDER REPERTOIRE OF
PROCESSES, A HIGHER NUMBER OF INTERACTIONS AND A GREATER FUNCTIONAL

REDUNDANCY

SOIL BIODIVERSITY AND PROCESSES ARE ESSENTIAL FOR BIOSPHERE INTEGRITY WHICH, IN
TURN, IS CRITICAL FOR PLANETARY HEALTH (OR NOT?)



Si tenemos en cuenta las bacterias, hongos y otros microorganismos,
el numero de “especies” puede estar entre 100 y 1.000 millones

SUELO: en un punado de suelo puede haber unos 100 billones de
bacterias pertenecientes a entre 10.000 - 100.000 especies. En una
tonelada de suelo, puede haber 4 - 5 millones de especies de bacterias

d 5 - 7.7 million species of animals

== 1 500.000 species of plants

1 6 - 8 million species of terrestrial fungi

] O Up to 1 trillion (10'?) species of prokaryotes

Nature Microbiol 10.1038/s41564-022-01228-3

A 45% decline in mushroom-forming mycorrhizal fungi
across Europe

Co-extinction as their hosts face increasing population
declines




NO SOMOS PEQUENOS




SOMOS EN GRAN PARTE (57%) MICROBIANOS iSOMOS UNA COMUNIDAD!

MAYOR DESCUBRIMIENTO DESDE DARWIN

No podemos sobrevivir sin nuestros simbiontes microbianos

. 10% Human

90% Bacleria

Cada uno tenemos nuestra propia microbiota, conformada por los lugares
en que hemos vivido, las medicinas que hemos tomado, la comida que
hemos ingerido, los afios que hemos vivido, las manos que hemos
estrechado, las personas y mascotas con las que hemos vivido, etc.

Cada parte del cuerpo tiene su propio terroir microbiano (temperatura, oxigeno,
acidez, humedad, nutrientes, etc.). Y cada persona el suyo: “en los teclados del
ordenador estan las firmas microbianas de las yemas de nuestros dedos”

Tenemos unas 104 bacterias pululando por nuestro cuerpo (mayor parte en el intestino)
El nUmero de anaerobias supera en 100 veces a las aerobias
Mas de 10.000 especies de bacterias

2.000.000 de genes microbianos y 23.000 genes humanos
(1% de los genes que habitan en nuestro cuerpo son humanos)

- —

nature

Mitocondrias - endosimbiosis: Margulis 1.000 especies en la boca

(ese articulo fue rechazado 15 veces antes 1.000 especies en el intestino FELLOW

: TRAVELLERS ,¢
de publicarse en 1967) 500 especies en la piel . o g =

- ...\ -_..... ‘ t',




ALGUNOS DATOS CURIOSOS PARA CONOCER MEIOR Y
DIMENSIONAR ESTE TEMA:

Primera gran inoculacion: el PARTO (cesarea: gasa en la vagina
para que recoja las secreciones cargadas de bacterias y luego se
frota la piel y la boca del recién nacido). Su primera bocanada
de aire, le ponen la ropa, le secan con una toalla, le tocan sus
familiares, la leche materna, etc., etc. Es un nicho listo para ser
colonizado

En un gramo de heces humanas: 10.000 — 100.000 millones de
bacterias. Un adulto sano puede eliminar diariamente 30
millones de millones de bacterias

Trasplantes fecales (Clostridium difficile): CRAPSULES
En vez de yogures, éllegaremos a comprar en el supermercado
“crapsules” como probidticos?

Ingerimos de media 1 millon de microorganismos por cada
gramo de alimento que comemos

En un beso intimo de 10 segundos intercambiamos 80 millones
de bacterias

Parece que la microbiota femenina es mas compleja y diversa
gue la de los hombres




Cada persona tiene su propia nube de bacterias (puede alcanzar un didmetro de 90 cm). Nuestro
microbioma NO ESTA CONFINADO EN NUESTRO CUERPO, SINO QUE DE FORMA CONSTANTE ALCANZA

NUESTRO ENTORNO. Cada persona aerosoliza alrededor de 38 millones de bacterias por hora. Somos
como PIG PEN




gl VIICROBIOTA Y -
I PR JUSTICIA SOCIAL
g I N v I S I B LE v LA DIETAY EL ACCESO A e Bk ol
¢ : ESPACIOS VERDES DE conorow — DN T W ¢ e
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Healthy soils for healthy plants for healthy humans
(EMBO Rep. 2020 Aug 5; 21(8): e51069)

JAKE M. ROBINSO L
- o O . g8 UNA RED MICROBIANA HA

COLONIZADO TODO EL PLANETA

e LA OBRA DE ARQUITECTURA BIOLOGICA MAS COMPLEJA Y FASCINANTE
e LAS BACTERIAS Y NOSOTROS MISMOS SOMOS NODOS DE ESA RED

e ELUNICO EJEMPLO DE SOSTENIBILIDAD

Una mosca se posa en mi brazo. Momentos antes, se habia posado en un pino y en varias piedras de un rio. Ha depositado y
recogido bacterias a cada paso. Ademads, las bacterias se adhieren al cuerpo de la mosca mientras vuela por el aire. Se trata de
una CONEXION ORGANICA ULTRALIGERA. Las bacterias de mi brazo se unen al ecosistema personal de la mosca. ES UN
INTERNET BIOLOGICO EN CONSTANTE CAMBIO. Todos estamos conectados a través de las bacterias



NO SOMOS MALOS




Hay que matar a todas las bacterias...

: Streptococcus pneumoniae
Escherlch/a CO/I Neumonia, otitis, meningitis

Yersinia pestis Infecciones de orina

Peste negra Mycoba&érium leprae
Lepra

i Ij—
-l-.,, - Vi
s,

Ias; ,bactenas s
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NI LO UNO NI LO OTRO...

SIMBIOSIS (del griego: oUv, syn, juntos; y Biwolc, biosis, vivir) significa
vivir juntos. Es un error asumir connotaciones de cooperacion vy
armonia

LA REALIDAD ES QUE LA SIMBIOSIS ES CONFLICTO NUNCA TOTALMENTE RESUELTO
La relacion “huésped-simbionte” es COMPLEJA, CONFLICTIVA y CONTEXTUAL

SUPER-ORGANISMO — EXPLOTACION RECIPROCA

(“Por el interés te quiero Andrés”)

COMPETICION Y COLABORACION

SU “BONDAD” O “MALDAD” DEPENDE
DEL CONTEXTO:

Escherichia coli en el intestino: si llega al aparato
urinario, cistitis

Streptococcus pyogenes en la boca. Si llega al aparato
respiratorio, neumonia

Helicobacter pylori causa Uulceras y cancer de
estdmago, pero protege contra el cancer de eséfago

Incluso las mitocondrias: jTraidoras después de 2.000
millones de afios de relacion!




ESTE PLANETA ES SUYO

DOMINAMOS EN ABUNDANCIA (# biomasa), ACTIVIDAD Y
BIODIVERSIDAD. Y OS BARREMOS EN LONGEVIDAD

LLEVAN AQUI 3.800 millones de afios vs. Homo sapiens = ca. 250.000 afios



Humans

Mammals

of Earth

Life’s
origin?
N Anaerobic
Chemolithoautotrophs

— Anaerobic

. Chemoheterotrophs
Precambrian heBLiiap

8

lions of Years P Anoxygenic
y Photosynthetic
Bacteria

Eukaryofes

Aerobic Aerobic
Chemoheteroirophs Chemolithoautotrophs
Cyanobacteria
Primitive
Eukaryotes

The Earth’s biogeologic clock? Modified from Des Marais (2000).




ESTAN EN TODOS LOS SITIOS (UBICUIDAD) Y VIAJAN MUCHO POR TIERRA, MAR Y
AIRE...

Viajan con nosotros en avion, coche, tren, barco, etc.

Viajan cuando transportamos animales, plantas (alimentos) vy .-
1 ‘ il

mercancias
I e

Viajan con las migraciones animales: pajaros, mamiferos George Clooney

Viajan por los rios (e.g., desde los efluentes de las EDAR) UP IN TH E A

.. . luno®
Viajan cuando regamos los campos con aguas residuales

Viajan pegadas a particulas de polvo atmosférico (iPueden cruzar el
Océano Atlantico en 3 dias y llegar desde Africa a América!)

Los humanos movemos mas suelo, arena y roca que todos
los procesos naturales juntos: la erosion fluvial natural
asciende a 21 gigatons al ano. La erosion causada por la
agricultura: 75 gigatons al aino

1 GIGATON = 1.000 MILLONES DE TONELADAS

. oy 2 . B 'i‘ o
El suelo contiene 1 billon de bacterias por gramo we— B ction.

| ] 5.

IMAGINAD LA CANTIDAD DE MICROORGANISMOS QUE SE
DESPLAZAN POR ESTA EROSION




EN TAMANO, SOMOS PARA LAS BACTERIAS LO MISMO
QUE LA TIERRA ES PARA NOSOTROS
Si bacteria =1 ym y humano = 1,80 m = 1.800.000 pm — 1,8 m x 1.800.000 =

3.240.000 m = 3.240 km
Radio de la Tierra: 6.371 km

El intestino delgado mide aproximadamente 7 m = 7.000.000 ym

Si E. coli tiene 2 um de largo — intestino delgado tiene 3.500.000 (7.000.000 / 2) veces su longitud
Si una persona mide 1,80 m, 3.500.000 veces su longitud son 6.300.000 m = 6.300 km

El intestino grueso mide aproximadamente 1,5 m = 1.500.000 ym

Si E. coli tiene 2 ym de largo >>> intestino delgado tiene 750.000 (1.500.000 / 2) veces su longitud

Si una persona mide 1,80 m, 750.000 veces su longitud son 1.350.000 m = 1.350 km

Escherichia coli: 2 um (longitud)
Bacillus megaterium: 3-7 um




MICROORGANISMS: THE HIDDEN MAJORITY

Microbes make up more
than one half of the Earth’s

biomass
(probably much more: >80%)

the genes in the microbes
are 85% different

o

More than 1076 prokaryotes in a ton of soil compared to a mere 10" stars in our galaxy

There could be 107 distinct prokaryote taxa in 10 grams of pristine soil. Rare organisms
comprise most of this diversity

THE RARE BIOSPHERE: FRACTION THAT REPRESENTS A MINORITY OF THE BIOMASS
YET A MAJORITY OF THE GENOMIC DIVERSITY

Each a ticket-holder in life’s lottery, awaiting conditions that will allow it to prosper



CENSUS OF MARINE LIFE: 10 years (published Oct 2010), 2,700
scientists, >80 nations, >6,000 potential new species

Making Ocean Life Count

www.coml.org

Microbial mats the size of Greece found
on O,-starved South American seafloor

The deep sea rivals such highly diverse
ecosystems as tropical rainforests and
coral reefs

Microbial cells in the oceans’ water
column collectively weigh the equivalent

{ of 240 billion African elephants: 35

elephants of marine microbes per
person

Marine microbes constitute 50-90
percent of all ocean biomass and are
responsible for more than 95% of its
respiration



PROCHLOROCOCCUS
Responsible for as much as 50% of the
carbon fixation in the oceans; oceans
account for approximately half of global C
fixation

—_—
™
9 an
L Along  with  SYNECHOCOCCUS,
b Y a> Prochlorococcus cells are the principal
o primary producers of the phytoplankton
”* which is responsible for half of the
. : photosynthesis on the planet
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r ¢
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MICROORGANISMS: vital role in
the main processes of our planet

PHOTOSYNTHESIS

NITROGEN FIXATION

ORGANIC MATTER DECOMPOSITION
NUTRIENT CYCLING

Regarding their importance to the functioning of the
system, the ecologically most important group are the
prokaryotes followed by the single-celled eukaryotes
and then the fungi and plants. The least important
group is the animals

It is almost exactly opposite to the amount of attention
given to these groups by ecologists and environmentalists



INICIATIVAS DE CONSERVACION DE LA BIODIVERSIDAD
En el pasado: valores intrinsecos, criterios éticos

(ERCH “MH“EITF“EM“W“M

o important are
}gfm'cg in today's
saceety?

Actualmente: contribucion de la biodiversidad a la calidad de vida
y el bienestar de las sociedades humanas




CONSERVATION OF “HOTSPOTS” OF BIODIVERSITY

Soil bacterial diversity peaks
In soils that have a neutral
pH, so, while the tropics are
considered  hotspots  of
biodiversity for plants and
animals, the acidic soll
found in tropical regions
makes these areas more
like deserts for soil bacteria

Will designated hotspots really
capture most of the Earth's
living organisms?



VISION ECONOMICISTA: SERVICIOS DE LOS ECOSISTEMAS
;iPRECAUCION!!

SERVICIOS

RECICLAJE DE NUTRIENTES ﬁ?‘?
PRODUCCION DE ALIMENTO d :
FORMACION DE SUELO L
POLINIZACION
REGULACION DEL CLIMA
CONTROL DE LA EROSION
MATERIAS PRIMAS
RECREACION
DEPURACION DE AGUA
SUMINISTRO DE AGUA
CONTROL BIOLOGICO ) ,
REGULACION DE GASES-ATMOSFERA IEkR'},éL[?ERL(I)Eg%:g{\InIICc;Ig . DQEU ESS('-)C;
REGULACION DE PERTURBACIONES
REG%IiAC(I:()N FLUJOS HIDROLOGICOS ~ LROVEEN LOS ECOSISTEMAS SE
ESTIMA QUE TRIPLICA EL PNB
REFUGIO GLOBAL
RECURSOS GENETICOS

VALORES CULTURALES

& iq
L9/

y Y B el




“TODO NECIO CONFUNDE VALOR Y PRECIO”

“LO QUE TIENE PRECIO SE PUEDE COMPRAR”

En wun conflicto ambiental se
despliegan valores muy distintos,
ecologicos, culturales, sentimentales,
economicos....

No se puede introducir todo en el
tarmix de un analisis costo-beneficio




NO SIRVE LA VISION REDUCCIONISTA
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COMPLICATED SYSTEM | COMPLEX SYSTE
» Everything interconnected » Bugs interact with each other

> Size and behaviour of cogs doesn’t change over time » Performance depends on these interactions
> If you were to change the speed of some cogs there » Some subgroups of bugs are loosely connected

is a proportionate change in the speed of other to other subgroups of bugs

connected cogs » Bugs can make and break connections with
» Components never change other bugs
» The system responds to the external environment in » Bugs reproduce

a linear and predictable manner » [Each generation comes with subtle variations in
» Cannot adapt to changing world size or differences in behavior

> Different bugs and subgroups respond in
different ways as conditions change

» As the world changes, some of the subgroups
perform better

» The whole system is modified

» The system is self-organizing



Los servicios finales dicen muy poco
sobre el estado de los mecanismos que
_ suministran dichos servicios (la cadena de
¥ 1 suministro de servicios de los ecosistemas
O\ depende de la infraestructura ecologica)

i,

S1 nos centramos en los servicios finales, podemos cometer el error de

no prestar atencion a los componentes de los ecosistemas como la
biodiversidad, especialmente si no se puede establecer un vinculo claro

entre dicho componente (biodiversidad) y los servicios de interes
R Y i R LR

LOS ECOSISTEMAS Y LOS SERVICIOS QUE
ESTOS NOS SUMINISTRAN DEBEN ESTAR
REPRESENTADOS EN LAS HERRAMIENTAS DE
TOMA DE DECISION Y EN LOS INDICADORES
DE PROGRESO (PIB)

i TRABAJAR EN LAS MISMAS UNIDADES!




NADIE QUE TRABAJE EN TEMAS
MEDIOAMBIENTALES DEBIERA IGNORAR EL
EXITO DE LOS SERVICIOS DE LOS
ECOSISTEMAS

. Success.

GOOGLE (10 octubre 2024)
“Ecosystem services”: 31,200,000
“Soil quality’: 12,000,000

“Soil health”: 16,300,000

“Water quality”: 140,000,000
“Air quality”: 214,000,000

SUELO: EL PACIENTE OLVIDADO



BIOSPHERE II (Arizona, 1991)

The only connection to the outside world were electrical power and
communication

Conclusion: no one yet knows how to engineer systems that provide humans
with life-suporting services that natural ecosystems produce for free

Perhaps that might be possible in future decades (centuries seem more likely).
The living world is too complicated



THE BIOPHILIA HYPOTHESIS PROCLAIMS A HUMAN DEPENDENCE ON NATURE
THAT EXTENDS FAR BEYOND THE SIMPLE ISSUES OF MATERIAL AND
PHYSICAL SUSTENANCE TO ENCOMPASS AS WELL THE HUMAN CRAVING FOR
AESTHETIC, INTELLECTUAL, COGNITIVE, AND EVEN SPIRITUAL MEANING
AND SATISFACTION

A A e e e e

El término “Biofilia” no fue acufado
por Wilson sino por Erich Fromm,
psicologo social aleman




EVALUACION DE LOS ECOSISTEMAS DEL MILENIO

Programa Cientifico Internacional promovido por las
Naciones Unidas (2000): la mayor auditoria socioecoldgica
que se ha realizado sobre los ecosistemas del planeta

CONCLUSION:
CAMBIO GLOBAL

i, e Nt

SITUACION CRITICA EN
RELACION CON LA
SOSTENIBILIDAD DE
LOS SERVICIOS DE LOS
ECOSISTEMAS




CAMBIO GLOBAL: cambio de origen antropogénico que afecta al
funcionamiento de la biosfera en su totalidad

GLOBAL CHANGE
Land use

Agricultural intensification
Urbanization

Climate change
Pollution
Nitrogen deposition
Invasive organisms



@OBIETIVE.:SsosTenisLE

FIN _ SALUD EDUCACION IGUALDAD AGUA LIMPIA
DELA POBREZA Y BIENESTAR DECALIDAD DEGENERO Y SANEAMIENTO

v

TRABAJO DECENTE . 10 REDUCCION DELAS CIUDADESY 12 mnmﬁu

Y CRECIMIENTO DESIGUALDADES LUMUNILALY Y CONSU
ECONOMICO - SOSTENIBLES RESPON:

QO

13 ACCION 14 VIDA 16 PAZ, JUSTICIA 17 ALIANZAS PARA
POREL CLIMA SUBMARINA EINSTITUCIONES LOGRAR @)

Sﬂlll]ﬂS LOS OBJETIVOS

OBJETIVGS

DE DESARROLLO
SOSTENIBLE



PLANETARY BOUNDARIES

MAINTAINING THE HOLOCENE STATE!! The planet’s environment has been unusually stable
for the past 10,000 years (Holocene: the warm period that began 10,000 years ago, during
which human civilization arose, developed, and thrived). Without pressure from humans, the
Holocene is expected to continue for at least several thousand years

Since the Industrial Revolution, a new era has arisen, the Anthropocene (human actions are the
main driver of global environmental change)

HOLOCENE

34 |
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First migration of Aborigines fully modern humans Beginning Great European
fully modern arrive in froin Seuth Asia of agriculture civilisations:

humans out of Africa Australia to Europe Greek, Roman



. Qué son los limites planetarios?

MARCO CONCEPTUAL que evalua el estado de 9 procesos esenciales para la ESTABILIDAD
DEL SISTEMA TIERRA. Presenta una serie de limites para estos procesos que, en caso de ser

superados, pueden poner en peligro la habitabilidad de nuestro planeta

ESPACIO OPERATIVO SEGURO
PARA LA HUMANIDAD

2009 — Rockstrom J, Steffen W, Noone K, Persson A,
Chapin FS 111, et al. 2009. A safe operating space for
humanity. Nature 461(7263): 47275

2009 — Rockstrom J, Steffen W, Noone K, Persson A,
Chapin FS III, et al. 2009. Planetary boundaries:

exploring the safe operating space for humanity.
Ecol. Soc. 14(2): 1-33

2015 — Steffen W, Richardson K, Rockstrom J,
Cornell SE, Fetzer I, et al. 2015. Planetary

boundaries: guiding human development on a
changing planet. Science 347(6223): 1-10

# _, *L:“ el
Yoy v

BREAKING
BOUNDARIES

THE SCIENCE OF OUR PLANET
David Attenborough / Johan Rockstrom 2021




LOS DOS MAS IMPORTANTES:

Cambio climatico —- RIESGO CRECIENTE

Biosphere Climate change Biodiversidad - ALTO RIESGO

integrity Genetic
diversity

Functional
dlversity

Land-system |
change | /

Freshwater
use

Phosphorus

Ocean
acidification

Nitrogen

Biogeochemical
flows

SEIS DE LOS LIMITES YA SE HAN SUPERADO:

Integridad de la biosfera (biodiversidad) — ALTO RIESGO

Flujos biogeoquimicos: fésforo y nitrogeno — ALTO RIESGO
Cambio climatico — RIESGO CRECIENTE

Cambios en los usos del suelo — RIESGO CRECIENTE

Entidades nuevas (contaminacion quimica) — RIESGO CRECIENTE
Uso agua dulce (agua verde) — RIESGO CRECIENTE

(I O I Wy W

Novel entities

Stratospheric
ozone depletion

Atmospheric aerosol
loading

B Beyond zone of uncertainty (high risk)
In zone of uncertainty (increasing risk)

@ Below boundary (safe)

" Boundary not yet guantified




HACE 50 ANOS (MARZO 1972)
»>El libro “LOS LIMITES DEL CRECIMIENTO” alertd6 al mundo de la

posibilidad de un colapso a finales del siglo XXI
»Mensaje: el crecimiento exponencial continuado de un sistema debe, en algun

momento, toparse con limites

Dennis Meadows

has served on the faculties and directed research
centers at MIT, Dartmouth College, and the
University of New Hampshire. He is President of
the Laboratory for Interactive Learning. He lives in
Durham, New Hampshire.

Donella Meadows

was a systems analyst and adjunct
professor of Environmental Studies at
Dartmouth College. She wrote the
nationally syndicated newspaper column
‘The Global Citizen." She died
unexpectedly in 2001.

Diomella FL Mezdows  Desnds T Moadows
Jargen anders  Willae W, Brhrena 111




Dos marcos conceptuales...

Si nos portamos bien, el planeta nos premia >>
iSERVICIOS DE LOS ECOSISTEMAS!
CRITICA: INSTRUMENTALIZACION DE LA
NATURALEZA, MONETIZACION DE LOS
SERVICIOS

Biosphere HOLGCEME
Si nos portamos mal, g
ol el planeta nos castiga >> I =

e e i B ;LIMITES =
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OTRO MARCO CONCEPTUAL

ETICA

“The living world is in desperate condition. It is suffering steep declines in all the levels
of its diversity. It will be helped but not saved by economic measures of its ecological
services and potential products... Only a major shift in moral reasoning, with greater
commitment given to the rest of life, can meet this greatest challenge of the century”

EREMOCENE: The Age of Loneliness

; “It 1s up to science to spread the understanding
3£ L%l that the choice is not between wild places or _
EDWARD O. WILSOT people, it is between a rich or an impoverished e L ¢ i
26 diciembre 2021 (92 afios) . ’, AR £\ \ :
existence for humans” | @J \ | \ A

THOMAS E. LOVEJOY
25 diciembre 2021 (80 aiios)

When we lose species, the web of life is destroyed, negatively
affecting the resilience of ecosystems and nature’s capacity to
provide products and ecosystem services



MYCOREMEDIATION - SOIL (MYCORRHIZAL) FUNGAL NETWORKS

MERLIN SHELDRAKE

ENTANGYL,

\& LIFE -
A
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AND SHAPE 'DIJ RTJTLIEES

O Fungi were widely held to be harmful to plants

(pathogens). Fungi exist in symbiosis with plants: fungi
take sugar produced by plants during photosynthesis,
and plants obtain nutrients such as P and N

Plants are joined to one another by a hyphal network
which allows plants to distribute resources between one
another, send one another warnings or toxic compounds,
etc. (wood wide web: social networks of plants). A plant-
centric interpretation (anthropomorphism)

Fungal anastomosis. It raises “philosophical” questions
about where species and individuals begin and end. Does
the concept of “individual” make sense? With the study
of the microbial world (and, specifically, microbiomes),
BIOLOGY, THE STUDY OF LIVING ORGANISMS, IS
BECOMING ECOLOGY, THE STUDY OF THE INTERACTION
BETWEEN LIVING ORGANISMS

Mycelium: a membrane sensitive to chemical substances;
a process more than a thing; ecological connective tissue
(a living seam). Billions of hyphal apices in a single
hectare. No defined shape (like asking the shape of water



NEITHER PLANTS NOR MICROBES: HOLOBIONTS

Plants are covered in microbes which
collectively make up their microbiome
(rhizosphere, phyllosphere, endosphere).
Microbes provide essential services and, in
return, the host provides food and privileged
habitats subjected to fewer stresses and less
competition

AR e
MICROBIOME

PHYLLOSPHERE
.% (_
i MICROBIOME

ENDOPHYTIC
N MICROBIOME

(Within roots, stem,
leaves, seeds, pollen, etc)

RHIZOSPHERE -

MICROBIOME

SOIL
MICROBIOME

HOLOBIONTS: host + its microbiome. They co-
evolve: the genetic resources available for
adaptation and evolution consist not only of

the 10,000-100,000 plant genes, but also of =~ SR RO ;ﬁ@.',é:
. : A N s " T, N -
the vastly more microbiome genes Front. Microbiol.2016 doi.org/10.3389/fmich.2016.01971

Plant health is correlated with a high diversity
of its microbiome. Unhealthy holobionts often
have a less diverse microbiome, a condition
expressed as “microbiome dysbiosis”

Soil houses the greatest diversity of microbes
and acts as the most important diversity
reservoir for seeding plant microbiomes

WE ARE ALSO HOLOBIONTS




A=) [e]e\'[68 Se extinguen comunidades

Se extinguen holobiontes
Se extinguen procesos

Se extinguen flujos

Se extinguen interacciones
Se extinguen redes

Se extinguen patrones

Se extingue vida, belleza...



BEWARE OF THE SHIFTING BASELINE SYNDROME

Jhifting Baseline dyndrome

In 1995, Dr. Daniel Pauly coined the phrase
“Shifting Baseline Syndrome”

“With each new generation, the expectation
of various ecological conditions shifts.
The result is that standards are lowered

almost imperceptibly.”

b Y
b
b
el
.

We can shift the baseline by
replicating & desired watershed
condition. It will take time,
commitment and perseverance.

\

~

Driver for Action

(Aquatic Habitat, Salmon, Clean Water or...)

A\

The curve represents a
succession of changes.

Some Good Thing
Each generation adjusts its
baseline to the new level

generation n n+l n+2 etc.

Decades or Centuries

With ongoing environmental degradation, PEOPLE'S ACCEPTED
THRESHOLDS FOR ENVIRONMENTAL CONDITIONS ARE CONTINUALLY
BEING LOWERED. In the absence of past information or experience
with historical conditions, members of each new generation accept the
situation in which they were raised as being normal

This psychological and sociological
phenomenon is recognized as one of
the obstacles to addressing a range of
today's global environmental issues
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O Transhumanism
1 Techno-Utopia or Techno-Dystopia
O Maybe we can live without Nature, |

also without music, art, poetry, etc,,
but...

ARTIFICIAL INTELLIGENCE vs. BIOLOGICAL INTELLIGENCE (biomimicry)
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GCONSEGUIREMOS UN MUND() MAS SOSTENIBLE?

> SALVACION TECNOLOGICA > Cdgéﬁmo s
» DESASTRE - COLAPSO o Oapltahsmo i
> Energia
> Etica

s e

Culdado con la eco- an31edad / solasta1g1a
“Incluso s1 supiera que el mundo se acaba manana,
yo, hoy todavia, plantaria un arbol” (Martin Luther)



La supervivencia de nuestra sociedad esta ligada de forma
inextricable a la salud de nuestros suelos

{NUESTRO RECURSO - ECOSISTEMA MAS VALIOSO!

No renovable [imitado

Multifuncional Olvidado

Paciente silencioso
Multifasico

Biomatriz
Dinamico
Heterogeneo

Complejo :
P Reservorio

de genes

No valores medios

RED FUNCIONAL MICROBIANA



Suelo: delgada linea marron que nos aporta el 99% de 1a comida

100%

(75% agua)

\ 12,5%

; (50% escarpado, rocoso,
pobre, humedo, pOCO

profundo)

Compite con otras necesidades: casas, centros comerciales, parques,
vertederos, hospitales, colegios, fabricas, etc.
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El 99% de nuestro alimento depende, en ultimo término, del suelo
Casi toda la superficie cultivable del planeta ya esta siendo utilizada

La poblacion mundial aumenta en 75-90 millones de personas al afo

o

»
‘ I.

| g

1;,_

Cada vez vivimos mas anos

Un 85% de la tierra agricola esta degradada

En los ultimos 50 anos, la fertilidad de los
suelos agricolas ha disminuido en un 15%

La SALUD DEL SUELO encabezaba la lista de prioridades establecidas en
la EVALUACION DE LOS ECOSISTEMAS DEL MILENIO en relacion con el
objetivo de reducir el hambre en el mundo en un 50% para el 2015

Pero el hambre no es un problema de produccion
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Project: NEMO”S GARDEN

An underwater farm to help agriculture development in those areas where it is hampered due to
geographical, economical and natural factors

Self-sustainable system: once the system has been activated by using fresh water, it continues to
sustain itself without any external support (except for light and heat transmitted by the seawater)

SOIL, HYDROPONIC, COCO-PERLITE, PERLITE-SOIL, PERLITE-GLASS WOOL
Cilantro, radish, parsley, oregano, beans, peas, lettuce, mint, spinach, garlic, etc.

AGRINAUTS



RECURSO MAS VALIOSO: EL SUELO

Man ... despite his artistic pretensions and many accomplishments,
owes his existence to a thin layer of topsoil ... and the fact that it
rains (Old Chinese proverb)

EL SUELO NO ES UN RECURSO RENOVABLE
A NUESTRA ESCALA TEMPORAL

)




“Earth” and “soil” are some of the earliest

words ever written O (humus or organic)

Mostly organic matter such as
decomposing leaves. The O horizon is
thin in some soils, thick in others, and
missing in yet others,

Romans: solium
Greeks: pedon (pedologists)

A (topsoil)

Mostly minerals from parent material with
a little organic matter added. A good
material for plants and other organisms.
You can find lots of roots here.

E (eluviated horizon)

Leached of clay, minerals,and organic
matter, which makes the E horizon sandier
and lighter in color than the A horizon
above and the B horizon below it. Often
found in some older soils and forest soils.

B (subsoil)

Rich in minerals that leached (moved
down) from the A or E horizons and
accumulated here. Not present in all soils,

Soil was so important to early
civilizations that people wor-
shiped soil gods and goddesses.
Geb, here, was the Egyptian god
of the Earth, always shown hav-
ing a green, leaf-covered body.

C (parent material)
The deposit at Earth’s surface from which
the soil developed.

R (bedrock)

A mass of rock that forms the parent
material for some soils if the bedrock is
close enough to the surface to weather.

The world “human” is probably
related to the word “humus”

(a soil’s decomposed OM) Old Aunt Ethel Bakes Cookies Regularly




FUNCIONES/SERVICIOS DEL SUELO

Proveedor de alimento, fibra y combustible

Medio para el crecimiento de las plantas

Habitat para animales y microorganismos
Degradacion de contaminantes
Descomposicion de la materia organica
Reciclaje de nutrientes

Regula la calidad del agua y del aire
Reservorio genético

Depositario de herencia cultural

Control de patdgenos (supresividad)

Distribucion del agua de lluvia

Soporte de estructuras fisicas

La vida en la tierra es el motor de nuestra vida en la Tierra
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Arendal .

Soil degradation

- Very degraded soll
Degraded soll
Stable soil

Without vegetation




AMENAZAS DEL SUELO

UNION EUROPEA-ESTRATEGIA TEMATICA DEL SUELO




EROSION EOLICA: DUST BOWL (1930-1940)

Cuenco de polvo. “Viento negro”
Sustitucion de pastizales nativos por
cultivos de trigo sensibles a la sequia
Multiplico los efectos de la Gran Depresion
3 millones dejaron sus granjas

Soil Erosion Service en 1933 comenzo6 a
popularizar las técnicas de conservacion del
suelo entre los agricultores: rotacion de
cultivos, técnicas de laboreo minimo, etc.

John Steinbeck . __
LLAS UVAS DE LA IRA e el

MALKOVICH
The D“st BUWI coleceion andanzas :

. N I_"_ 5
B R e,




EROSION EOLICA
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EROSION HIDRICA

Incendios



DESPRENDIMIENTOS E INUNDACIONES
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COMPACTACION




PERDIDA DE MATERIA ORGANICA Y NUTRIENTES




SALINIZACION




SEALING
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PERDIDA DE BIODIVERSIDAD

The Soil Food Web
> 2

Arthropods
Mematodes ; Shredders
Root-feedars 1
Arthropods
Fre:iatm;
Hnm:tm:l \
Funga

h&ctmal ﬁEE-dEI‘E
/Y Nematodes
Fredators
Protozoa Q
Amcebae, flagellates,

and ciliates Animals

Organic Matter

Waste, residue and
rnetabolites fram plants,
animals, and microbes.

First trophic level:  Second trophic level:  Third trophic level:  Fourth trophic level:  Fifth & higher
Fhotosynthesizers Decomposing Mutualists  Shredders Higher level predators trophic level:

Pathogens, Parasites Predators Higher level predators

Root-feeders Grazers



’ AGROBIOLOGiA AMBIENTAL
¢, QUE IMPACTO TIENE ESTA PRACTICA SOBRE LA BIODIVERSIDAD DEL SUELQO?
Pues.....DEPENDE, TODO DEPENDE!

* Depende del tipo de suelo

* Depende de las condiciones edafoclimaticas

« Depende del tipo de vegetacion - cultivo

» Depende de la intensidad y frecuencia de la practica

« Depende de si hablamos de efectos a corto-medio-largo plazo

» Depende del grupo taxonoémico

 Depende de la métrica: riqueza, uniformidad, genética, filogenética, taxondmica,
funcional, a - B - vy, indice (Shannon, Simpson, Pielou, Margalef,...), etc.

Por eso, ponemos cara rara cuando se dice: “SE HA DEMOSTRADO...”
Habra co-beneficios y co-perjuicios simultaneamente (¢Subjetivo?)

AGROBIOLOGIA AMBIENTAL

Para proteger la biodiversidad, quizas no sea “medio ambiente” el mejor
término, quizas sea mejor volver a hablar de proteger la naturaleza, los
bosques, las ballenas,...

El término “naturaleza” suele implicar emociones: paraentidad cuasi-religiosa,
salvaje vy libre, belleza sin parangon, “madre”, expresion de ese milagro de la
materia que es la vida, etc.



AGROBIOLOGIA AMBIENTAL
. PRODUCCION vs. CONSERVACION?

¢, CONFLICTO REAL?

YA, PERO TENEMOS QUE COMER, 4NO?

. Conflicto existencial entre “alimentar a la
poblacion humana o proteger la naturaleza?
¢ Entre produccion y conservacion?

Figure 1
Global population size: estimates for 1700-2022 and
projections for 2022-2100

Land sharing

o
13 =
B
E o 28 ana
12 La poblaciéon mundial crece S é\f-j‘?-\' W\ldltfe-
i en 82 millones al afio g b friendly
. 2 o6 58
(225.000 personas al dia) 8 Sy
- = 205@3{0‘ s farmland
everywhere

Total population (billions)

© = N W s W O N ® W

1700 1725 1750 1775 1800 1825 1850 1875 1900 1925 1950 1975 2000 2025 2050 2075

Source: United Nations, DESA, Population Division (2022). World Population

PON FIN A LA PERDIDA
Y EL DESPERDICIO DE
ALIMENTOS.

POR LAS PERSONAS.
POR EL PLANETA.

FAO: SE PRODUCE COMIDA PARA 10.000
- 12.000 MILLONES DE PERSONAS

FAO: LACRA DE LA PERDIDA Y EL
DESPERDICIO DE ALIMENTOS

OMS: EPIDEMIA DE OBESIDAD

Land sparing

‘Natural’
habitat 4

High-yield
farmland

Falta de conocimiento sobre la apertura y la
conectividad de los ecosistemas a escalas

espaciales y temporales que trascienden los

Note: The solid blue line is the estimates from 1700 to today, the dotted red line the
projection for the future up to 2100, and the dashed red line the upper and lower
bounds of the 95% prediction interval for the projections.

limites de la gestion



CONTAMINACION




ACTIVIDADES CONTAMINANTES




“Of course, that's the trouble with the older generation:
they're so intolerant.”

_REVOLUCION VERDE
v ."“"'::_:

——




SOIL IMPORTANCE

Earth = 6371 km — 100%
Biosphere: 20 km — 0.31%
Soil: 1 m — 0.000016%
We depend on this tiny %

Radius = 6371 km

Civilizations have fallen
because they failed to SOIL DEPTH ™ 1 METRE
prevent and/or halt
soil degradation. Ours?




WE ARE COMPETING FOR SOIL
SEVERAL COUNTRIES ARE BUYING PRODUCTIVE LAND, MAINLY IN POOR COUNTRIES, TO SUSTAIN POPULATIONS BACK HOME OR AS INVESTMENT

LAND GRABBING




A HEALTHY SOIL FOR A HEALTHY PLANET

Pale blue dot
Photograph, February 14t", 1990
Voyager 1

“Our planet is not fragile at its own
timescale and we, pitiful latecomers in the
last microsecond of our planetary year, are

stewards of nothing in the long run.”

Unfortunately, habitable planets
— Stephen Jay Gould are hard to find




A HEALTHY SOIL FOR A HEALTHY BIOSPHERE

Earth’s environmental spheres

BIOSPHERE
THE ZONE OF LIFE ON EARTH

o é %’ The global ecological system

‘% g B :% ‘§ integrating all living beings

E | — 3 and their RELATIONSHIPS,
f§ g ’ including their interaction
° 3 with the elements of the

lithosphere, hydrosphere,
and atmosphere

oceanic crust

lithosphere

~ausydsoy

upper mantle

© Encyclopaadia Britannica, Inc.






Human Activities Causing Soil Degradation

Deforestation Agriculture

Fuelwood
gathering

Industry
<1%

Overgrazing



SUELOS: LA ULTIMA FRONTERA
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EL ULTIMO RETO PARA LA ECOLOGIA
(MICROBIANA)




How soils form depends on five soil-forming factors:
Climate: precipitation, temperature
Topography: shape of the land

Biota: vegetation, animals and microbes
Parent material: geologic and organic precursors to the soil

1 Rock surface

1.
2.
3.
4.
S.

Time: time that parent material 1s
subject to soil formation processes

HETEROGENEO EN EL ESPACIO

DINAMICO EN EL TIEMPO
Organisi Traphy

@ Climate

Parent Material

2 Immature (rocky) soil

Soil profile
O Horizon Vegetation plus partly decomposed plant matter

A Horizon Zone of leaching from which poistive ions and clays are removed
B Horizon Zone of enrichment where minerals and chemicals accumulate

C Horizon Bedrock partially weathered by ground water

D Horizon Unaltered bedrock (parent material)






Average soil

Organic Matter 5%

ﬂ"’% Humus

Roots 80%
10%



EN UN PUNADO DE SUELO DE UN PASTO TEMPLADO

Microorganismos Mesofauna Macro/Megafauna

Microfauna 100 uM - 2 mm >2 mm
1-100 uM

Bacterias Tardigrados Lombrices

100 billones

10.000-50.000 especies

(1.000.000 especies / 10 g)

Hongos Colémbolos Hormigas

50 km hifas

>500 especies

Protozoos Acaros Centipedos,

100.000 cochinillas, etc.

>100 especies

Nematodos Juntos: Juntos:

10.000 >1.000 >100

>100 especies

>100 especies

>10 especies



SOIL BIODIVERSITY REPRESENTS A VAST BIOLOGICAL ENGINE DRIVING
PROCESSES UPON WHICH OUR VERY SURVIVAL DEPENDS

BIOMASA por debajo del suelo generalmente es IGUAL O MAYOR que la que hay por encima
BIODIVERSIDAD por debajo del suelo es ORDENES DE MAGNITUD MAYOR que la que hay por encima

Vertebrates (1) I 0
ppSnails and Slugs (100)

WatCh you r Ste p. SOiI sSwarms 5 Potworms and Earthworms (3,090)
with life. N '

But most of it is out of your sight—in the ground __| "\ @il —

or so small you need a magnifying glass or a X ¥ = ' Springtails (50,000)
microscope to see it. Many, many times more Q
organisms live below ground than above it.

¢ Insects and Spiders (5,000)

Soil provides a home for organisms, and in
turn, organisms keep soil healthy. It's a
partnership. Each sustains the other.

If you examine the upper few centimeters or inches

of one square meter of ground (about 3 feet by

3 feet), yow'll find millions of nematodes (tiny worms) [
in it for every bird or squirrel that you can see above

the ground. This pyramid organizes diverse groups

of soil organisms by their abundance. The smallest
among them, it turns out, are the most abundant.

Under the microscope



BIODIVERSIDAD DEL SUELO

il | EUROPEAN ATLAS OF Sl
STATE of KNOWLEDGE - SOIL BIODIVERSITY

SOIL
of SOIL BI(?DIVERSITY BIODIVERSITY ATLﬁ ,‘
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Soils are home to more than 25% of the Earth’s total biodiversity

T. Decaéns, J. J. Jiménez, C. Gioia, G. Measey, P. Lavelle, The values of soil animals for conservation biology. Eur. J. Soil Biol. 42, S23—-S38 (2006)

PNAS .. o k-

Enumerating soil biodiversity

Mark A Anchony™ 5 Eran: Bender and

Marcel G A van Cer Heiden"

Eciced Dy Diana Wall Coioraco State Universy. Fort Colling. CO: receved March 21, 2023 accepted July 2. 2023

Soil is an immense habitat for diverse organisms across the tree of life, but just how

many organisms live in soil is surprisingly unknown. Previous efforts 1o enumerate soil Significance

biodivensity consider only certain types of organisms (e.g., animals) or report values for

diverse groups without partitioning species that live in soil versus other habitats. Here, Soil organisms mediate unique
we reviewed the biodivensity literature to show that soil is likely home to 59 = 15% functions we rely on for food,

of the species on Earth. We therefore estimate an approximately two times greater soil fiber, and human and planetary
l-iodl\'ﬂ\il)' than previous estimates, and we include representatives from the simplﬂl health. Despite the significance of
(microbial) to most complex (mammals) organisms. Enchytracidac have the greatest soil Ife, we lack a quantitative

percentage of species in soil (98.6%), followed by fungi (90%), Plantac (85.5%), and
Isoptera (84.2%). Our results demonstrate that soil is the most biodiverse singular
habitat. By using this estimate of soil biodiversity, we can more accurately and quan-
titatively advocate for soil organismal conservation and restoration as a central goal of

the Anthropocene.

estimate of soil biodiversity,
making it challenging to advocate
for the importance of protecting.
preserving. and restoring soil kfe.
ara wa chau thar eadl ie blabs

Soil is likely home to 59% + 15% of
the species on Earth. Enchytraeidae . ‘ -
have the greatest percentage OF  ie.1. owersiy ofthe major e forms found inso. iy bristietai (O Astwood), () springtall (© H. Convad). (O itrogen-fiing bacteria-containing nodules on

clover root (© M. van der Heijden), (D) predatory mite (© H. Conrad). (£) isopod (© F. Ashwood), (F) scots pine root colonized by ectomycorrhizal fungi (yellow) (©
M. Anthony). (G) earthworm (© G. Brandle). (H) nematode (© A. Murray). (/) corn root colonized by arbuscular mycorrhizal fungi (blue) (© F. Bender). (/) springtail

species N SOIl (98.600), TOlloWed DYy B e o e s et
' %), Plant 85.5% d
fungi (90%), Plantae 5%), an
%
Isoptera (84.2%)

SOIL IS THE MOST BIODIVERSE
SINGULAR HABITAT




Table 1. Enumeration of biodiversity on Earth and in soil

Total species

Macrobes Lower Central Upper Conf.
Mammalia na 6.5 % 10’ (16, 49) 4.5 x10°(41) H
Nematoda 5 x 10° (50, 51) 1 x 10%(33, 52) 1 x10%(52) L
Arthropoda 1.14 x 10*(53) 7x10%(32) 3% 107 (54 M
Insecta 9.5 x 10°(53) 5-5.5 x 10% (32, 41) 1% 10° (59>’ M
Arochnida 9x10%(53) 1.1 x 10° (41) 7.5 x 10° (50) M
Collembola 6.5 x 10° (56) 8.7 x 10°(53) 5 x 10°(57) M
Diplopodo 1.3 x 10%(53. 58) 1.5 x 10° (58) 7-8 x 10° (41, 59) M
Isoptera 3x10°(53) 5.4 x 10 (60) 1x10°() M
Formicidoe 1 x10%(53) 1.5 x 10° (61) 2.1 x10*(62) M
Oligochaeta 5x10° (63) 1 x10* (64) ? H
Enchytraeidae 7.1 x 10° (65) 7.8 x 10°(53) 1.2x10°(7) H
Mollusca 8 x 10° (41) 1.2 x 10%(53) 2 x 10°(50) H
Plantae 3.8 x 10°(53) 5.37 x 10° (64) na H
Microbes' 6.7 x 10* 1.01 x 10™* 1x 10':“(34. 66)‘ L
Phage 1 x10* (677 1x10" (68)" 3.7x10" (68)" VL
Bacteria 43-45x10%(19, 39) 1x10*(17) 3.7 x 10 (43)" L
Fungi 2.2x10°(3%) 6.2 x 10°(69) 1.65 x 10* (42 M
Archaea 1.1 x 10*(70) 1.9 x 10* (19 3.8x10°(19) L
Protists 6 x 10* (59) 1-3x10%(12. 55, 71) 8.4-16.2 x 107 (42, 72) L
Total 1.1 x10* 1.01 x 10" 3.74x 10" L
Macrobes Species in soil

Mammalia 75(12) 250 (73) ? H
Nematoda 2.15x 10 4,65 x 10> Sx 10 L
Arthropoda 3.49 x 10*(12) 2.1 x 10 9.2 x 10%¢ M
Insecta 288 x 10*(12) 1.67 x 10% 3x 10 M
Arochnido 4.32x10*(12) s x 109 3.5 x 10%¢ M
Collembola 5.98 x 10° (74)" 8x10°(12) 8.18 x 10° (74)* M
Diplopoda 1x10*(12) 1.15 x 10%¢ 6.15 x 10°¢ M
Isoptera 2x10°(12) 49 x10* 9.5 x 10% M
Formicidoe 5 x 10° (756 9x10°(12) 1.1 x 10° (75 M
Oligochaeta 3.3x10%(63) 6x10°(12) ? H
Enchytraeidae 7x10** 7.7 % 10°(12) 1.18 x 10°¢ H
Mollusca 80(12) 3.5 x 10°(76) 6.4x10° (77 H
Plantae 3.2 x 10% 4,66 % 10% na H
Microbes" 6x 10% 4.4x 10" ? L
Phage 5.6 x 10 (68)™ 9.9 x 10° (78)™ 1.59 x 10"V VL
Bacteria 9.5 x 10° (39)° 4.3 x10% 3.3x10% L
Fungi 2x 1084 5.6 x 10%4 n/a® M
Archaea 1.1 x 10 3.6 x 10% 1.9 x 10% L
Protists 24x10% 8.3x10% na* L
Total 9.5x10° 1.04 x 10" 1.62x 10" L

Species that live in soil: those
that live within, on (e.g., insects
that feed on the surface of soil),
or which complete any part of
their life cycle in soil (e.g.,
organisms with an inactive pupal
stage in soil or plant seeds that
germinate in soil) or in the
tissues of soil-dwelling symbionts
(for instance, microbial parasites
of soil animals)

The total number of species in
soil is estimated to be between
9.5x 10°and 1.62 x 1011
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Fig. 2. Percentages of different groups of life on Earth that
live in soil. Species that live in, on, or complete part of their
life cycle in soil were classified as “species in soil”. The glob-
al percent of species in soil, including or excluding phage,
summarized across all groups is also shown. Bars represent
the mean and error bars are plus or minus one SE (where
>1 prediction was available) of the lower, central, and upper
estimates (e.g., for bacteria, we estimate 22.2, 43, and 88.8%
for the lower, central, and upper estimates, respectively,
for an average of 51 + 20%). Note that some groups do not
have a lower, central, and upper species richness estimate
(e.g.. Mammalia; see Table 1), and there are no error bars
for these groups. See Table 1 for an estimate of the total
number of taxa on Earth and those living in soil for each tax-
onomic group as well as our confidence in each prediction.

100%

75% Share of species

59% of species
live in so

Enchytraeidae Fungi
Mostl
Bacteria in m;f Nematoda
o
. »
Mollusca Mostly Virus
in other

All other

B soil

25%

Plantae

Archaea

Oligochaeta

Arthropoda

Mammalia

Fig. 3. Graphical overview of
the share of species living in
soil. Doughnuts reflect the per-
centage of species in soil versus
all other ecosystems combined
(e.g.. marine, freshwater, builten-
vironment, host organisms such
as humans). The larger doughnut
on top shows the total share of
species, and smaller doughnuts
show individual shares for the
most speciose and well-known
groups ordered from greatest to
least specialized in soil. Illustra-
tions by Michael Dandley ©.




- | microfauna J mesofauna Ji macrofauna [} megafauna
Myriapeda  Earthworms
100 Diplura Formicae
Preudoscorpionita Tormitidas -F Mole ~ /65@.1
ARTHROPODS

b . NEMATODES
Enchytraeidae Amphibian Root-feeders 4 Shredders
10 | Reptiles 3 \ | BIRDS
e Protura I Gastropoda
-T- Acarl Coleopteran larvae

=]
b

Fungi Isopada 3
v —— Arachaida FUNGI X
L- Mychorrhizal fungi :
Saprophytic fungi &N\ ARTHROPODS ’
Dipteran larvae Predators <
— \ 4
Collembela

N .
Tardigrata | PLANTS ﬂ ~ P
Shoots and \, NEMATODES / NEMATODES \
ro Fungal- and Predators
A @ bacterial-feeders

? PROTOZOA -

ots \
= teria EARTHWORMS ———7 /A
. , w252\ Amoebae, flagellates
- / SN and ciliates
ORGANIC MATTER y )
Waste, residue and & / /
metabolites from plants, ANIMALS

H 2 4 L] 8 32 &4 1% )56 512 1024 2 - . 16 w 2] animals and microbes i %
BACTERIA

micrometre milbrretre

Body width

a°dy length mibmetre)

oo Protists

LOS ORGANISMOS DEL SUELO PUEDEN DIVIDIRSE EN TRES GRUPOS FUNCIONALES

INGENIEROS QUIMICOS: bacterias, arqueas, hongos y protistas-protozoos.
Responsables de la descomposicion de la materia organica

REGULADORES BIOLOGICOS: pequefios invertebrados (nematodos, colémbolos,
acaros, etc.). Depredadores de plantas, de otros invertebrados o de microorganismos,
regulando asi su dinamica en el espacio y el tiempo

INGENIEROS DEL ECOSISTEMA: lombrices, hormigas, termitas, topos, etc. Modifican
0 crean habitats
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MICROBES RULE!!

U Procariotas: ARQUEAS y BACTERIAS (¢ mitocondrias, cloroplastos?)

O Eucariotas: HONGOS y PROTISTAS: eucariotas que no son ni animales, ni plantas, ni hongos. Amebas, ciliados,
flagelados, diatomeas, oomicetos, mohos mucilaginosos,...

Images credit: European
Atlas of Soil Biodiversity &
Global Soil Biodiversity Atlas




No me extrana que MICROGRAPHIA, el libro de Robert Hooke de
1665, fuera el primer best seller cientifico



Images credit: European
Atlas of Soil Biodiversity &
Global Soil Biodiversity Atlas




MARVELS OF NATURE
PHYSARUM POLYCEPHALUM

A slime mold searches for bacteria and spores of fungi. It
extents its tentacles until it finds prey. As it crawls over its
victims, it oozes out cell-slashing enzymes and drinks up the
debris

They can discover the shortest path through a maze. In
one experiment, scientists created a map of the United
States, with oatmeal standing in for the biggest cities. The
slime molds built what looked remarkably like the American
interstate highway system

They form tentacles enmeshed in a skeleton of wires. The
slime mold is perpetually building new parts of its
skeleton and taking down other. The slime mold beats
like a web-shaped heart. Slime molds can make new nuclei
but they don’t bother to divide their cells in two. Every slime
mold is a single gigantic cell. Under the right conditions,
slime molds can get as big as a throw rug

JOURNAL ARTICLE

Collective behaviour and swarm intelligence
in slime moulds @
Chris R. Reid, Tanya Latty &=

FEMS Microbiology Reviews, Volume 40, Issue 6, November 2016, Pages 798-
806, https://doi.org/10.1093/femsre/fuw033

&) 005/305 oO®m & (= O 5] o2

Published: 29 August 2016  Article history v This Pulsating Slime Mold Comes in Peace (ft. It's Okay to Be Smart) | Deep Look

BIOMIMICRY: BRAINLESS SLIME MOLDS CAN
CREATE SMART NETWORKS



MARVELS OF NATURE Dictyostelium discoideum (social, farmer)

“Amoebas” solve a microscopic version of London's
DICTYOSTELIUM DISCOIDEUM Hampton Court Maze

Seeing around corners: Cells solve mazes and respond at a distance
using attractant breakdown. Science 2020

Wikipedia: Queller/Strassmann Lab - Usman Bashir

Wikipedia: By Bruno in Columbus
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Wikipedia: By Tijmen Stam, 1IVQ (SVG conversion)



MARVELS OF NATURE

Social IQ Distribution

PAENIBACILLUS VORTEX
“Gift éc'fa bgaot‘g;mr,mﬂs inteligente!

E“Ordinmy
: P. vortex

] c‘urdfano!ﬁtfms

P. larvae i ; P. Y412MC10
P. pi
> Srphmrs & ¥
B. subtilis : : P. dendritiformis
M. anthus cellulosum

.mﬁxum.:im E.coli lB anthracis ™
raj:rip?t'ococﬁ' ‘i?’seuc&)mo

Armillaria ostoyae: In Oregon, a
colony of this “honey fungus”
covers an area of ca. 900 hectares
and is estimated to be 2,000-8,000
years old. All cells are genetically
identical (all of the fungal hyphae
have grown out of one spore),
making this both the largest and
oldest living organism in the
world

BFaul famets




MARVELS OF NATURE: MICROBES

DESAFIAN CONSTANTEMENTE *
NUESTRO CONOCIMIENTO o ‘ :

microsloLogy  Volland et al., Science 376, 1453-1458 (2022)

A centimeter-long bacterium with DNA contained in

| LILAL | 1 e T T T | m T LB | T T

| |

metabolically active, membrane-bound organelles 01m  1pm  10um  Ofmm  imm  fom  10cm
B

Jean-Marie Volland™?*+, Silvina Gonzalez-Rizzo®t, Olivier Gros®**{, Tomas TymlI*?,

Natalia Ivanova', Frederik Schulz', Danielle Goudeau®, Nathalie H. Elisabeth®, Nandita Nath',
Daniel Udwary’, Rex R. Malmstrom®, Chantal Guidi-Rontani®, Susanne Bolte-Kluge’,

Karen M. Davies®®{, Maitena R. Jean®, Jean-Louis Mansot*, Nigel J. Mouncey’, Esther R. Angert®,
Tanja Woyke'*'°*, Shailesh V. Date®**-'?*

Cells of most bacterial species are around 2 micrometers in length, with some of the largest specimens
reaching 750 micrometers. Using fluorescence, x-ray, and electron microscopy in conjunction with
genome sequencing, we characterized Candidatus (Ca.) Thiomargarita magnifica, a bacterium that has
an average cell length greater than 9000 micrometers and is visible to the naked eye. These cells
grow orders of magnitude over theoretical limits for bacterial cell size, display unprecedented polyploidy
of more than half a million copies of a very large genome, and undergo a dimorphic life cycle

with asymmetric segregation of chromosomes into daughter cells. These features, along with
compartmentalization of genomic material and ribosomes in translationally active organelles bound

by bioenergetic membranes, indicate gain of complexity in the Thiomargarita lineage and challenge
traditional concepts of bacterial cells.

Hasta 2 cm de largo, iDNA compartimentado!




THE ECOLOGICAL THEATER
AND
THE EVOLUTIONARY PLAY

George E. Hutchinson

REl.u&TEMAS

Zeltgelst del siglo XXI
(superar la ortodoxia
mecanlmsta reduccmnlsta
ety atomlsta) o
Los elementos como formas L

contlngentes

Las especies (biodiversidad) son los actores-actrices

Pensar en términos de relaciones, PATRONES Y
PRINCIPIOS BASICOS DE LA ECOLOGiA CONTEXTO. Los fendmenos naturales estan
0 REDES: COMPRENSION SISTEMICA DE LAS REDES VIVAS interconectados y sus propiedades esenciales se derivan de

(expresada en la teoria de la autopoiesis) sus relaciones con otras cosas. La estructura como

O FLUJOS: COMPRENSION SISTEMICA DE LOS FLUJOS DE e - .
ENERGIA Y MATERIA A TRAVES DE LOS SISTEMAS VIVOS corporeizacion fisica del PATRON DE ORGANIZACION

flejad la teoria de | truct disipati 1
B e TOPOLOGIA: REDES
U ANIDAMIENTO: SISTEMAS ANIDADOS 1 H - Afri
D EQUILIBEIO DINAMICO Topologia _retlcular Métricas
0 DESARROLLO , Conectancia
U4 PRINCIPIO DE EXCLUSION COMPETITIVA .
Modularidad
INTERACCIONES, INTERRELACIONES, Grado de anidamiento
INTERCONEXIONES, INTERDEPENDENCIAS Diversidad de interacciones

Surgen propiedades emergentes (monismo fisico; determinismo Grado de distribucidon
sincrénico; caracter sistémico; irreducibilidad

LA VIDA SE APODERO DEL PLANETA A TRAVES DE LA

FORMACION DE REDES El cgntex(’;o y la interaccion no son simple’sll efectos dde
) . . sSegundo oraen que se superponen a un analisis monadiCco
El “método” ha demostrado su eficacia primario

(CaSi 4000 millones de aﬁos) EL CONTEXTO Y LA INTERACCION SON LA ESENCIA

(Richard Lewontin)



ONTOLOGIA PROCESAL - FLUYENTE: PROCESOS Y FLUJOS

NUESTRA INSEPARABILIDAD DE LOS FLUJOS DE LA NATURALEZA

Seres vivos: procesos, flujos; extensiones de las esferas. Los minerales y
nutrientes de la litosfera, el agua de la hidrosfera y el oxigeno de la atmdsfera nos
No es una estructura fija atraviesan continuamente en forma de atomos y moléculas (y también las
ES UN PROCESO bacterias de la biosfera). Los cambios en cualquiera de las esferas afectan a
todas las demas esferas y a todas las especies

* Interdependencia ontoldgica de la actividad y la existencia

+ Identidad diacrénica: encadenamiento continuo de los estados temporales de una
entidad

+ Termodinamica del no-equilibrio: un organismo es un sistema abierto que debe
intercambiar constantemente energia y materia con su entorno para mantenerse lejos
del equilibrio

T ASKS THE QUESTION: IF WILL IT BE THE

| REPLACE EVERY PART OF
A SHIP ONE BY ONE UNTIL
NOME OF THE ORIGINAL

Paradoja del
barco de
Teseo

| PARTS REMAIN..

“Ningun hombre puede cruzar el
mismo rio dos veces, porque ni
el hombre ni el rio seran los
mismos” (aforismo de Heraclito)

Richard Dawkins

Soil as an extended composite

phenotype of the microbial THE
metagenome EXTENDED
;::t::\;v:ﬁ:::!lv :::é;;ﬁzc:ohinb‘::ucl .w:(:a:x ian Zhang’, 1an M. Clark®, Kevin Coleman’, P H E N OTYP E
We use a unique set o i i to hou:‘::d“ el mp sn:n:;"m \\\m\\
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have a significant effect on the flu, resilience and efficiency of nutrient delivery to plants
g water) ths ical structure, determining the air-wa u r balance in soil as well as transport
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me uuelnn(n ganic carbon inputs, the bic microsites an ddellvery utrients ‘-/\
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The Long Reach of the Gene
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LOS FENOTIPOS EXTENDIDOS SON MANIFESTACIONES DE LOS GENES QUE SE
PRODUCEN FUERA DEL ORGANISMO QUE POSEE ESOS GENES. UN GEN
EXTIENDE SU EFECTO EN, POR EJEMPLO, LA PRESA DE UN CASTOR, LA TELA DE
UNA ARANA O EL NIDO DE UN PAJARO




NECESITAMOS UN CAMBIO DE PARADIGMA

_NEYTIRI (AVATAR)

SUELO: una red microcosmica de interacciones, interrelaciones,
interconexiones, e interdependencias. Importante: NO
organismos; Sl procesos, relaciones. jjREDES!!

UNA BACTERIA NO ES UN ORGANISMO UNICELULAR. ES UN
NODO DE UNA RED



A SYSTEM IS AN INTERCONNECTED SET OF ELEMENTS THAT IS COHERENTLY
ORGANIZED IN AWAY THAT ACHIEVES SOMETHING
(elements, interconnections, function or purpose)

LEONARDO DA VINCI:
FIRST SYSTEMS THINKER

He transcended the disciplinary
boundaries of his time by recognizing
patterns that interconnected forms and
processes in different domains and by
integrating his discoveries into a
unified vision of the world

FACILE COSA E FARSI UNIVERSALE




METAFISICA DE LA TEORIA CUANTICA

La teoria cuantica implica una interconexion esencial
subyacente en toda la naturaleza

Las particulas materiales aisladas son abstracciones, y sus propiedades son definibles y
observables solo a través de su interaccion con otros sistemas

Concepto de inquebrantable totalidad: niega la idea del analisis del mundo en partes
separadas e independientes

La teoria cuantica nos fuerza a ver el universo no como una serie de objetos fisicos, sino
mas bien como una complicada telarana de relaciones entre las diversas partes de un
todo unificado

El concepto clasico usual de que las “partes elementales” independientes son la
realidad fundamental del mundo y que los diversos sistemas sean meramente
formas y ordenamientos particulares de esas partes ha sido invertido. En lugar de
ello, decimos mas bien que la realidad fundamental es la inseparable interrelacién cuantica
de todo el universo y que las partes que parecen funcionar de un modo relativamente
independiente son simplemente formas contingentes y particulares dentro de todo ese
conjunto



INVENTARON LAS REDES SOCIALES MUCHO ANTES QUE FACEBOOK

No vivimos solas. Vivimos en “ciudades” No somos asi

' BIOFILMS: 500-1000 veces mas resistentes a
antibidticos y desinfectantes

SOCIOMICROBIOLOGIA




Desde que aparecieron en este planeta, las bacterias han ido formando
una red que ha colonizado todo nuestro planeta

LA OBRA DE ARQUITECTURA BIOLOGICA
MAS COMPLEJA Y FASCINANTE

ELLAS Y NOSOTROS SOMOS
NODOS DE ESA INCREIBLE RED

LOS MICROORGANISMOS SE MUEVEN ENTRE ORGANISMOS Y ENTRE ESTOS Y EL
SUELO, EL AGUA, EL AIRE, ETC. NOS CONECTAN UNOS CON OTROS Y CON EL MUNDO



ES UNA RED ENORMEMENTE COMPLEJA...

Placa subgingival: el nivel de complejidad de su sistema microbiano supera el de las redes
informaticas, las redes eléctricas, las de transporte y todas las demas redes creadas por el ser
humano combinadas (y la red del suelo, ni te cuento...)

Camino iargo‘y tortuoso

para entender la estructura ' LA SOSTENIBILIDAD

biolégica mas fascinante y : iEL MAYOR DE LOS TESOROS!
compleja de este planeta :




ESTRUCTURA (medir) - PATRON DE ORGANIZACION (cartografiar)

La estructura es la corporeizacion fisica del patron de organizacion

ESTRUCTURA DISIPATIVA

ISLAS DE ORDEN EN UN MAR DE
DESORDEN; NO SON COSAS SINO
PROCESOS

MATERIA = ESTRUCTURA
FORMA = PATRON DE ORGANIZACION




Py, Comvention sa

_[=-1European Commission . o=

E L S U E LO — THE SOIL IS ALIVE!
THE SOIL IS ALIVE!

E S U N PROTECTING SOIL BIODIVERSITYACROSS EUROPE

SISTEMA VIVO

EL SUELO ES UNA ESTRUCTURA
DISIPATIVA

SU PATRON DE ORGANIZACION
ES UNA RED AUTOPOIETICA

SU COMPLEJIDAD
ES ABRUMADORA,
PERO.....



VINCULO ENTRE ESTRUCTURA'Y PATRON DE ORGANIZACION

EL PROCESO: la actividad que se ocupa de la continua
corporeizacion del patron de organizacion

Proteins Carbohydrates

: : glucose, fructose,
amino acids galactose

Nitlgﬂgllﬂﬂ Glycogen Glucose-5-Phosphate
0o x

tissue ; I
protein

Lactic Acid Pyruvic Acid

%
‘ Electron Transport Chain
45 |




PROCESOS DEL SUELO

Fijacion de nitrogeno Oxidacion del hierro Nitrificacion
Metanogénesis Descomposicion de la materia organica
Mineralizacion del fésforo Descomposicion de lignina

Reduccion de sulfato Oxidacion del azufre Metilotrofia

Descomposicion de celulosa
Descomposicion de quitina
Desnitrificacion  Acetogénesis

Reduccion del hierro férrico

Mineralizacion del nitrogeno



RECONCEPTUALIZACION RADICAL

Durante la larga historia de la evolucion de la vida, se
na extinguido mas del 99% de todas las especies que
nan existido, pero la red bacteriana ha sobrevivido,
perseverando en su regulacion de las condiciones
aptas para la vida sobre Ia Tierra

;. Qué podemos aprender de ella?

COMO VIVIR SOSTENIBLEMENTE



Toda la vida esta embebida
en una red microbiana

Life is a miracle of matter




Necesitamos eco6logos microbianos de:

BATA




ACADEMIA DE PLATON DE ACADEMIA VASCA DE
ATENAS CIENCIAS DEL SUELO

|

Por favor que entre el que esté

_ familiarizado con la ecologia microbiana

Microbial (la ecologia estudia los flujos de materia-
Ecol energia y las redes)

No entre eI gque no este famlllarlzado con
la Geometria

Al SNOLUTIORARY SFPRDALCEH

MANUAL DE INSTRUCCIONES
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Las hormigas, al igual que
los seres humanos, pueden
crear civilizaciones sin el
empleo de la razon

If | could do it all over again, and relive my vision in the twenty-
first century, | would be a microbial ecologist. Ten billion
bacteria live in a gram of ordinary soil, a mere pinch held
between thumb and forefinger. They represent thousands of
species almost none of which are known to Science.....



WHAT IS BIOREMEDIATION?

THE USE OF ORGANISMS AND BIOLOGICAL PROCESSES TO REDUCE
ENVIRONMENTAL POLLUTION

OBJECTIVE OF AREMEDIATION PROCESS?
RESTORE SOIL HEALTH

HOW CAN YOU ASSESS THE EFFECTIVENESS OF A REMEDIATION
PROCESS?

MICROBIAL INDICATORS OF SOIL HEALTH

Degradation is most frequently due to the activity of microbial consortia




ADVANTAGES
Less destructive (environmentally-friendly)

Cheaper than physicochemical treatments
Can be applied ex situ and in situ

Socially acceptable




BIOREMEDIATION OF CONTAMINANTS

Oil
Po
Ch

and Qil Derivatives
ycyclic Aromatic Hydrocarbons (PAHS)
orinated Aliphatic Hydrocarbons

Ch

orinated Aromatic Hydrocarbons

Heavy Metals (non-biodegradable)
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Exxon Valdez (1989)
Prince Williams Bay (Alaska); 41,000 tonnes of crude oil




Persian Gulf War (1991): In the waning days of the Persian Gulf War, as Iraqgi forces
retreated to Baghdad, Saddam Hussein sent a team of engineers into the Kuwaiti oil
fields and blew up hundreds of wells. Over the next seven months, more than 1 billion
barrels of oil went up in flames, creating a large-scale environmental disaster.

Saddam also poured 10 million barrels of oil into the sea. Thousands of birds perished,
and the people of the Persian Gulf became familiar with new diseases.

What many recall as a short-lived conflict resulting in the liberation of Kuwait was an
environmental disaster. The oil that did not burn in the fires traveled on the wind in the
form of nearly invisible droplets resulting in an oil mist or fog that poisoned trees and
grazing sheep, contaminated fresh water supplies, and found refuge in the lungs of
people and animals throughout the Gulf.
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Prestige (2002): 40,000-63,000 tonnes fuel spill

-



Oil Spill Gulf of Mexico (2010): The Gulf of Mexico oil spill is recognized as the worst
oil spill in U.S. history. Within days of the April 20, 2010 explosion and sinking of the
Deepwater Horizon oil rig in the Gulf of Mexico that killed 11 people, underwater
cameras revealed the BP pipe was leaking oil and gas on the ocean floor about 42
miles off the coast of Louisiana. By the time the well was capped on July 15, 2010 (87
days later), an estimated 4.9 million barrels of oil had leaked into the Guilf.




CRITERIOS QUE DEBEN DE TENERSE EN CUENTA ANTES
DE CONSIDERAR UN PROCESO BIORREMEDIADOR

Deben existir microorganismos con la actividad biodegradadora necesaria

Deben existir microorganismos con la capacidad de transformar el
contaminante a tasas razonables

Los microorganismos deben reducir el contaminante hasta limites que cumplan
las regulaciones (HASTA QUE SE RECUPERE LA SALUD DEL SUELO)

No se deben generar productos toxicos

No debe haber compuestos quimicos que sean inhibidores de la actividad
degradadora

Los contaminantes deben estar disponibles para los microorganismos

Las condiciones deben favorecer la actividad microbiana (nutrientes, oxigeno,
otros aceptores de electrones, humedad, temperatura, etc.)

El coste de dicha tecnologia debe ser inferior o, por lo menos, no superior al de
otras tecnologias



EL TRIANGULO DORADO DE LA BIORREMEDIACION

Environmental

conditions

- pH

- electron-acceptors
(Eh)

- temperature

- moisture

- nutrients

\ - ionic strength

- porosity

et cetera

Bio-
degra-
dation

Compound structure,

properties Microorganisms
- evaporation - autochtonous
- solubility - allochtonous
- "bound" fraction

- NAPL’s
et cetera

: : ; : . i n-
Fig. 20-1. The golden triangle for microbial degradation; only when the right enwrom}me}:lttzglgo
. . - o =
dition, such as pH, moisture, and others, prevail together with the presence of the ng
organism, and the availability of the pollutant (solubility) then biodegradation can OCCUr-

La biorremediacion soélo tendra éxito si:

Hay condiciones medioambientales adecuadas
Estan presentes las comunidades de microorganismos necesarias
Los contaminantes estan disponibles para el ataque microbiano
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BIOESTIMULACION = “EQUILIBRAR LA DIETA”

ESTE TIPO DE BIORREMEDIACION ES HABITUALMENTE CONSIDERADA
LA MEJOR OPCION PARA DESCONTAMINAR SUELOS

Mejorar la actividad de las
poblaciones indigenas existentes
mediante  la  adicion  de
nutrientes, oxigeno, cambio de
pH u otras condiciones diversas
sobre las que se puede fluir
siempre  para favorecer la
actividad microbiana encargada
de degradar el contaminante en
cuestion

FERTILIZER
ilroger
. Phaspharis
Q2 (AIR) i
i_" =
~ Diled Rocks
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Clean Rocks + Inert Residus



BIOAUMENTACION

INOCULACION DE MICROORGANISMOS CAPACES DE ACTUAR
ESPECIFICAMENTE EN DETERMINADOS AMBIENTES CONTAMINADOS

Inoculantes naturales: cultivos puros de uno o varios microorganismos. Se preparan,
normalmente, a partir del aislamiento previo del microorganismo que esta en un
ambiente previsto y que se conoce su capacidad para degradar el contaminante

deseado

Microorganismos manipulados
genéticamente: jcontroversia!

Sdlo en condiciones muy puntuales se
podria utilizar la ingenieria genética:
situaciones en que los microorganismos
por si solos no dispongan de la
capacidad metabdlica para degradar el
compuesto




Muchas bacterias se comercializan como promotoras del crecimiento vegetal

Agrobacterium radiobacter
Azospirillum brasilense
Azospirillum lipoferum
Azotobacter chroococcum
Bacillus fimus

Bacillus licheniformis
Bacillus megaterium
Bacillus mucilaginous
Bacillus pumilus

Bacillus spp.

Bacillus subtilis

Bacillus subtilis var. amyloliquefaciens
Burkholderia cepacia
Delfitia acidovorans
Paenibacillus macerans
Pantoea agglomerans
Pseudomonas aureofaciens
Pseudomonas chlororaphis
Pseudomonas fluorescens
Pseudomonas solanacearum
Pseudomonas spp.

Pseudomonas syringae - - _ ; s,
Serratia entomophilia ; . mrmh‘g'"dmm,
Streptomyces griseoviridis R
Streptomyces spp.

Streptomyces lydicus
Rhizobia spp.




MECANISMOS DIRECTOS

FACILITAR ADQUISICION DE NUTRIENTES

3 FIJACION DE NITROGENO (bacterias diazotréficas - fijadoras de N,)
Rhizobium (s1mbiotica), Azospirillum (vida libre)

O SOLUBILIZACION DE FOSFATO: la cantidad de P en el suelo es
generalmente alta. Pero la mayor parte de este P es insoluble, en forma de
mineral inorganico (apatita) o en forma orgdnica (inositol fosfato-fitato;
monoc¢steres y tricsteres de fosfato). Por otra parte, el P soluble inorganico
de los fertilizantes se inmoviliza poco tiempo despues de su aplicacion,
convirtiendose en fosforo no-fitodisponible

Solubilizacion de fosforo inorgdnico. a través de la sintesis de acidos organicos
de bajo peso molecular como el acido citrico y el gluconico

Mineralizacion de fosforo organico: a partir de la sintesis de fosfatasas que
catalizan la hidrolisis de €steres fosforicos

O SIDEROFOROS: las bacterias sintetizan sider6foros, moléculas con una
gran afinidad por el Fe**, asi como receptores de membrana capaces de unir
los complejos sider6foro-hierro, facilitando de esta forma la toma de hierro




MECANISMOS DIRECTOS

MODIFICAR LOS NIVELES DE FITOHORMONAS

0 ACIDO INDOLACETICO - IAA (AUXINAS)
0 CITOQUININAS Y GIBERELINAS

O ETILENO - ACC DEAMINASA

Las bacterias pueden producir 1-aminociclopropano-I-carboxilato
(ACC) deaminasa: convierte el ACC (el precursor del etileno) en amonio
y a-cetobutarato, que son facilmente asimilados. Asi, se reduce Ia
cantidad de etileno

Las bacterias colonizan las semillas o raices; en respuesta a la presencia
de triptdfano u otras moléculas pequefias presentes en las raices o
exudados radiculares, las bacterias producen IAA que, junto con el IAA
endogeno de las plantas, puede estimular el crecimiento de las plantas o
inducir la sintesis de ACC sintasa que convierte la S-adenosil metionina
en ACC, el precursor de etileno. Una porcion del ACC es excluida de las
semillas o raices y asimilado por las bacterias que, a través de la accion
de la ACC deaminasa, lo convierten a amonio y a-cetobutarato
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MECANISMOS INDIRECTOS

BIOCONTROL

ANTIBIOTICOS: las bacterias pueden producir antibidticos y controlar
asi la proliferacion de patdgenos

ENZIMAS LITICAS: las bacterias producen enzimas (quitinasas,
celulasas, B-1,3 glucanasas, proteasas, lipasas) que pueden lisar una
porcion de las paredes celulares de los hongos patogenos

COMPETICION: las bacterias pueden colonizar las superficies de las
plantas y utilizar la mayor parte de los recursos, dificultando el
crecimiento de los patdogenos

RESPUESTA SISTEMICA INDUCIDA: las bacterias pueden
desencadenar una “resistencia sistémica inducida” en plantas: las plantas
estan “activadas” de forma que reaccionan mas rapido y mejor a ataques
de patdgenos mediante la induccion de mecanismos de defensa

Diferentes moléculas producidas por las bacterias actian como senales
de la resistencia sistémica inducida: jasmonato, acido salicilico, [3-
glucanos, pioverdina, etc.




CARACTERES DESEADOS DESDE EL PUNTO DE VISTA DE LA
BIORREMEDIACION, PERO ¢ QUE CARACTERES INDICAN APTITUD
ECOLOGICA?

CARACTERES QUE INDICAN CAPACIDAD DEPREDADORA DE MAMIFEROS HERBIVOROS:
- Dientes grandes y afilados

- G@Garras

- Rapidez

- Fuerza muscular (y en los musculos de la mandibula)




DOS MAMIFEROS HERBIVOROS...

RENO



La bioaumentacion ha cosechado
una gran cantidad de fracasos
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“Oh dear! | didn't realize ‘in the field' would be like this!
We should have stayed in the laboratory.”



NO HAY PROBLEMA: HAY QUE USAR ORGANISMOS AUTOCTONOS (bacterias “autéctonas”)...

¢Qué quiere decir “autdoctono”?

Bacteria europea
Bacteria de la Peninsula Ibérica

Bacteria espafiola PARA QUE SEA COMERCIALMENTE
Bacteria vasca INTERESANTE, ¢éA QUE NIVEL INTERESA
Bacteria de Bizkaia APLICAR EL CONCEPTO AUTOCTONO?
Bacteria de la Comarca de Las Encartaciones

Bacteria de la Villa de Lanestosa A CUALQUIER NIVEL PUEDE NO TENER
Bacteria de una huerta de un agricultor de Lanestosa SENTIDO....

Bacteria de la mina de Lanestosa




ESCALA

¢ QUE ES PARA ELLAS AUTOCTONO (LUGAR EN EL QUE SE ENCUENTRAN)?

Escherichia coli: 2 ym de largo
Bacillus megaterium: 3-7 um de largo

Longitud: 100 m = 100.000.000 pm

Si una bacteria tiene 5 um de largo...
100.000.000 / 5 = 20.000.000

Si una persona mide 1,75 m...
1,75 x 20.000.000 = 35.000.000 m = 35.000 km
Distancia Pamplona-Nueva York: 5.815 km
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OPCION: USAR UN CONSORCIO
CONSORCIO DE DEPREDADORES DE MAMIFEROS HERBIVOROS...




¢QUE NOS PUEDE PASAR?

SE DEDICAN A OTRA COSA...



Razones que explican los fracasos de la bioaumentacion

*Nutrientes limitantes

*Accion de parasitos y depredadores (protozoos)

*Incapacidad de las bacterias para moverse en el suelo

Utilizacion de otras fuentes de carbono

«Concentracion del contaminante demasiado baja como para mantener la
multiplicacion de los microorganismos

*Necesidad de una fuente de carbono que mantenga el crecimiento
(cometabolismo)
*Temperatura
opH

*Salinidad
*TOXicos




OBTENCION DE CEPAS DEGRADADORAS
DE COMPUESTOS XENOBIOTICOS

Se aplica una presion de seleccion para que surja
la caracteristica deseada, I€ase, la utilizacion de
un compuesto xenobiotico recalcitrante. Se
empieza un cultivo de enriquecimiento en un
quimiostato al que se suministran pequenas
concentraciones de un compuesto xenobiotico y
concentraciones altas de un compuesto
degradable relacionado

Durante este cultivo de enriquecimiento, que
puede durar semanas o meses, la concentracion
del compuesto  biodegradable se va
disminuyendo poco a poco mientras se aumenta
la del compuesto xenobiodtico. De esta forma, se
seleccionan mutantes espontaneos que pueden
utilizar el compuesto xenobiotico. Asimismo, se
puede utilizar luz UV o agentes mutagenos para
provocar un mayor numero de mutaciones




