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Microbial 
Technologies 
to Save the 

Planet

Peixoto et al. Nature Reviews Microbiology, Nature Biodiversity, mSystems, Sustainable Microbiology etc.  2024



NO POVERTY

Microbiology can reduce poverty:

• Through jobs that use microbial 
technologies in local and 
national industries.

• Through jobs in microbial 
conservation and provision of 
microbes that support industry.

• Through benefit-sharing models 
in microbial development 
projects that target under-
resourced communities
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Helps Ocean Intelligence Start-Ups Launch and 
Scale with Mentoring and Non-dilutive Funding

https://startblue.ucsd.edu/program/


Soils are essential:

• For construction, fuel, food security, 
cultural and spiritual enrichment, 
biodiversity, nutrient cycling, drug 
discovery, and water filtration.

• Agriculture is paradoxical as it depends 
on soil health, raises people’s awareness 
of the value of soil, but also fosters its 
abuse.

• Microbial technologies can support:

• Pollution remediation

• Crop productivity and resilience

• Biodiversity conservation

HEALTHY 
LAND

Faggiani Dias et al Env Res Lett. 2025

Deploying enhanced crops (deeper roots) with 
microbial biostimulants could sequester >1.2 Gt CO2 
per year – 7 times more than all current CO2 offset 

market offerings

Handelsman, 2021, A World Without Soil.



fao.org/soils-2015 





Soils are under 
multiple threats
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Microbial Biostimulants Work
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BEFORE
no plants even after re-vegetation

AFTER
PGPR oil degrading + biostimulation treatment

Taketani et al., 2009 (Journal of Microbiology), 2010 (Antonie); Santos et al., 2010 (PLOS One),  Santos et al., 2011 (PLOS One); Santos et al 2010 WASP; Peixoto et al., 2011 (Antonie) Carmo et 
al., 2011 TJOM; Nardeli et al.,  2016 (Environmental Pollution),  Peixoto et al., in preparation; Carmo, Santos, Peixoto, Rosado, patent 2016

Microbial Biostimulants Work
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AI for 
Design

AI for 
Delivery

AI for 
Assessment

Gilbert and Zengler Nature Reviews Microbiology 2025

Design & Simulation

Foundation Models and LLMs integrate multi-

omics, soil, and climate data to identify 

microbial traits, design genome and enzyme 

modifications, generate optimized SynComs, 

and simulate ecosystem compatibility before 

deployment.

Deployment, Monitoring & 

Adaptive Learning

AI optimizes where and when to apply 

SynComs, uses robotics and satellite data for 

precision delivery, quantifies outcomes (e.g., 

carbon sequestration signals), and continuously 

refines interventions through feedback 

integrated into Earth System Models.



Nature Models - Digital Twins in Conservation



IUCN and Microbes

Establishment of an IUCN 

Species Survival Commission 

– Microbial Conservation 

Specialist Group (MCSG)

June 4th 2025

Redford, Gilbert Peixoto, ORXY 2025; 
Gilbert et al., Sustainable 

Microbiology 2025; Gilbert, Peixoto et 
al, Nature Microbiology, 2025





www.microbiotavault.org
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https://thesoilstars.com/

Our strategy is to build a knowledgebase 
using internationally renowned scientific 

experts & to use this knowledge to 
develop microbial solutions and 

communication strategies that can be 
deployed rapidly in the face of looming 

environmental threats.



CONFIDENTIAL

https://thesoilstars.com/

Our strategy is to build a knowledgebase 
using internationally renowned scientific 

experts & to use this knowledge to 
develop microbial solutions and 

communication strategies that can be 
deployed rapidly in the face of looming 

environmental threats.

Heligan Protocols 
March 23-24th 2026

Missions to regenerate soil 
health through public-private 

partnerships powered by 
governments and the UN. 

Turning a Rock Star 
into a Soil Star
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UK soil policy lacks a unified, measurable definition of “healthy soil,” limiting the 
ability to set binding targets and monitor progress across the four nations.

Current monitoring frameworks focus on chemistry and structure, largely omitting 
the biological and microbial indicators of ecosystem services.

Embedding microbes into statutory soil standards would align food security, 
biodiversity recovery, and climate resilience under one evidence-based 
framework.



Integrating microbes into any SDG 
action will have a positive impact on all 
other SDGs (Crowther et al. Cell 2024)



Thank You
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