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Abstract:

Currently, the world is facing a high population increase as well as climate change
involving global warming, water shortage which limits agronomic productivity, necessary
to achieve food security for the growing population. As sessile organisms unable to run
away from danger, plants are endowed with sophisticated mechanisms to overcome all
stressing situations for survival, involving an enormous amount of chemical molecules,
specific for each situation. In addition, they establish intimate relationships with
beneficial microorganisms creating the plant microbiome. Within this microbiome are
beneficial bacteria, known as Plant Growth Promoting Rhizobacteria (PGPR), which
represent a great tool to boost plant fitness in different aspects, as they are able to
trigger multiple targets simultaneously.

The present work describes the physiological mechanisms involved in plant adaptation to
water stress, nutrient absorption, and adaptative responses to biotic stress and how
bioeffectors are able to modulate these responses, focusing on the mechanisms involved
in plant adaptation to water stress (salinity and water shortage), plant innate immunity
and general mechanisms involved in plant protection to pathogen outbreaks. A few
examples in Solanum lycopersicum, Olea europea and Rubus sp illustrate effects of PGPR
increasing plant adaptative capacity
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The world population is expected to triple
between 1950 (2.5 billion) and 2050 (10 billion)
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The rate of human population growth is greater than the
rate of increase of food supply --> will lead to famine

'SOURCE: United Nations, "World Population Prospects: 2015 Revision”
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Globally, more than one billion people per year are
chronically hungry

More than two billion people
per year are chronically
anemic due to iron deficiency

Image courtesy CDC/ Dr. Lyle Conrad (number 6901) Image courtesy CDC (number 6903)
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3 Food security

Food security exists when all people, at all times, have physical
and economic access to sufficient, safe and nutritious food to
meet their dietary needs and food preferences for an active
and healthy life. (FAO)

SUSTAINABILITY

A major objective of plant science is to ENOUGH
Increase  food  production; current

estimates indicate that we need to HEALTHY
Increase production by 70% in the next NUTRITIOUS
40 years.

LESS DEVELOPED COUNTRIES
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MILESTONES IN BIOTECNOLOGY
ENABLING POPULATION GROWTH
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0
WHAT'S MICROORGANISMS
NEXT? |:> THE BIOTIC COMPONENT ON THE MOVE:

PLANT MICROBIOME

SOIL IS A COMPLEX SYSTEM, AN
HOLDS AN ENORMOUS OF ORGANISMS
MICROORGANISMS ESTABLISH COMPLEX

AMONG THEM
AND
WITH THE PLANTS THAT LIVE THEREIN

DIFFERENT SOILS, DIFFERENT PROBLEMS,
DIFFERENT MICROBIOMES

* Microbial density: above 10! per gram of soil.
* Highest diveristy: more than 10* diferent species per gram of soil
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HOW DO MICROBES

IMPROVE PLANT

A) INVOLVING PLANT
FITNESS?

METABOLISM

SECONDARY
METABOLISM

Metabolic changes are
triggered in roots and appear
in leaves
SYSTEMIC RESPONSE

B) AFFECTING
EXTERNAL FACTORS:

EPIDERMIS IN A PLANT CELL , Nutrient mobilization
CELL WALL CYTOPLASM B Control of other

microorganisms....

Signal
transduction

Reception Response

MULTIPLE MECHANISMS

SIMULTANEOUSLY TRIGGERED
BY BENEFICIAL

MICROORGANISMS

llangumaran, G. and D.L. Smith. 2017. Plant Growth
Promoting Rhizobacteria in Amelioration of Salinity
Stress: A Systems Biology Perspective. Front. Plant

MICROBIOME Sci., 23 https://doi.org/10.3389/fpls.2017.01768
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Biotechnological Applications of Bioeffectors Derived From The Plant Microbiome to Improve
Plant’s Physiological Response for a Better Adaptation to Biotic and Abiotic Stress.
Fundamentals and Case Studies. Garci?f\ﬁl{araco, et al, 2021, in TAYLOR AND FRANCIS (in press) IMPROVE PLANT
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HOW DO MICROBES
IMPROVE PLANT
FITNESS?

PLANT DEFENSE
BIOTIC STRESS

Effectors
PTI/MTI Response

Intracellular Signal molecules (S

JA/Et)
ETI Response

Genetic expression changes \/

Defense Molecules (PRs, PDFs,
Phytoalexins)

Systemic Signal molecules (MeSA, PiP,
etc.)

PTI: PATHOGEN TRIGGERED IMMUNITY

ETI: EFFECTOR TRIGGERED IMMUNITY



HOW DO MICROBES
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ABIOTIC STRESS

DROUGHT /SALINITY)

PLANT MECHANISMS
FOR ADAPTATION TO
WATER STRESS

HOW DO MICROBES

IMPROVE PLANT
FITNESS?
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ENVIRONMENTAL FACTORS
HERVIBORES

BACTERIA

FUNGI o\ METABOLITES INVOLVED IN :
PLANT DEFENSE
PLANT ADAPTATION TO STRESS

PLANT

MICROBIOME ENORMOUS METABOLIC DIVERSITY

MICROORGANISMS THOUSANDS OF DIFFERENT MOLECULES

EVOLUTIVE STRATEGY TO ENSURE ADAPTATION

AIM: FIGHT PATHOGENS- HERBIVORES-

TEMPERATURE- SALINITY-WATER STRESS-
COMUNICATION
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AGRONOMIC GOALS HOW DO MICROBES
IMPROVE PLANT

FITNESS?

MANIPULATING PLANT PHYSIOLOGY TO

= | ower water and fertilizer demand

Improve nutrient content

Improve drought tolerance

Improve tolerance to other stresses

Enhance pathogen resistance

A) GENETIC MANIPULATION
SINGLE TARGETS

B) BENEFICIAL MICROORGANISMS :
MULTIPLE TARGETS

llangumaran, G. and D.L. Smith. 2017. Plant Growth Promoting Rhizobacteria in Amelioration of Salinity
Stress: A Systems Biology Perspective. Front. Plant Sci., 23 https://doi.org/10.3389/fpls.2017.01768
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LOWERING CHEMICAL INPUTS
IMPROVING NUTRIENT CONTENTS IN TOMATO (Fe)
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F3H (Flavonol-3-hydroxylase) PLAYS A PIVOTAL ROLE ON FLAVONOID
METABOLISM IMPROVING ADAPTATION TO BIOTIC STRESS IN

% ENHANCED
BLACKBERRY https://doi.org/10.1371/journal.pone.0232626 A‘f{ PATHOGEN RESISTANCE
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