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Editorial 

Microbial solutions must be deployed against climate 

catastrophe 
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The climate crisis is escalating. A multitude of microbe-based so- 
lutions have been proposed (Table 1 ), and these technologies hold 

gr eat pr omise and could be deplo y ed along with other climate 
mitigation strategies. Ho w ever, these solutions have not been de- 
plo y ed effectiv el y at scale. To r e v erse this inaction, collabor ators 
acr oss differ ent sectors ar e needed—fr om industry, funders and 

polic ymakers—to coor dinate their widespread deployment with 

the goal of avoiding climate catastrophe. This collective call from 

joint scientific societies , institutions , editors and publishers, re- 
quests that the global community and governments take imme- 
diate and decisiv e emer gency action, while also proposing a clear 
and effective framework for deploying these solutions at scale. 

Microbes and the climate crisis 

Micr oor ganisms hav e a pivotal but often ov erlooked r ole in the 
climate system (Cavicchioli et al. 2019 , Tiedje et al. 2022 , Jiao 
et al. 2024 )—they drive the biogeochemical cycles of our planet,
ar e r esponsible for the emission, ca ptur e and tr ansformation of 
greenhouse gases, and control the fate of carbon in terrestrial 
and aquatic ecosystems. From humans to corals, most organ- 
isms r el y on a micr obiome that assists with nutrient acquisition,
defence against pathogens and other functions. Climate change 
can shift this host–microbiome relationship from beneficial to 
harmful (Peixoto and Voolstra 2023 ). For example, ongoing global 
cor al bleac hing e v ents, wher e symbiotic host–micr obiome r ela- 
tionships are replaced by dysbiotic (that is, pathogenic) interac- 
tions (Fig. 1 ), and the consequent mass mortality mean the ex- 
tinction of these ‘r ainfor ests of the sea’ may be witnessed in this 
lifetime (Knowlton et al. 2021 ). Specifically, a decline of 70–90% 

in cor al r eefs is expected with a global temper atur e rise of 1.5 ◦C 

(Core Writing Team 2023 ). Although this example highlights how 

the microbiome is inextricably linked to climate problems, there 
is a wealth of evidence that microbes and the microbiome have 
untapped potential as viable climate solutions (Table 1 ). Ho w e v er,
despite the promise of these approaches, they have yet to be em- 
braced or deplo y ed at scale in a safe and coordinated way that in- 
tegrates the necessary but also feasible risk assessment and eth- 
ical considerations (Peixoto et al. 2022 ). 
Recei v ed 27 June 2024; revised 22 September 2024 
This article has been co-published with permission in Sustainable Microbiology, Th
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npj Biodi v ersity, npj Biofilms and Micr obiomes, npj Climate Action, and npj Sustain
Oxford Uni v ersity Pr ess on behalf of FEMS. 
obilizing microbiome solutions to climate 

hange 

he multifaceted impacts of climate change on the environment,
ealth and global economy demand a similar, if not more ur-
ent and broad, mobilization of technologies as observed in re-
ponse to the COVID-19 pandemic (Kokudo and Sugiyama 2020 ,
l-J ar dali et al. 2024 ). To facilitate the use of microbiome-based
 ppr oac hes and dr awing fr om lessons learned during the COVID-
9 pandemic (El-J ar dali et al. 2024 ), we advocate for a decen-
ralized yet globally coordinated strategy that cuts through bu- 
 eaucr atic r ed ta pe and considers local cultur al and societal r eg-
lations , culture , expertise and needs . We ar e r eady to work
cross sectors to deploy microbiome technologies at scale in the
eld. 

We also propose that a global science-based climate task force 
omprising r epr esentativ es fr om scientific societies and institu-
ions should be formed to facilitate the deployment of these mi-
r obiome tec hnologies. We volunteer ourselv es to spearhead this,
ut we need your help too. Such a task force would provide stake-
olders such as the Inter gov ernmental P anel on Climate Change

IPCC) committee and United Nations COP conference organiz- 
rs , and global go v ernments access to rigor ous, r a pid r esponse so-
utions. Accompanied by an e vidence-based fr ame work, the task
orce will enable pilot tests to validate and scale up solutions, ap-
ly for dedicated funding, facilitate cross-sector collaboration and 

tr eamlined r egulatory pr ocesses while ensuring rigor ous safety
nd risk assessments . T he effectiveness of this fr ame work will
e e v aluated by k e y performance indicators, assessing the scope
nd impact of mitigation strategies on carbon reduction, ecosys- 
em r estor ation and enhancement of r esilience in affected com-
 unities, aiming to pr ovide a diverse and adaptable response to

he urgent climate challenges faced today. We must ensure that
cience is at the for efr ont of the global response to the climate
risis. 

We encour a ge all r ele v ant initiativ es , go vernments and stake-
olders to r eac h out to us at climate@isme-micr obes.or g . We ar e
eady and willing to use our expertise, data, time and support for
mmediate action. 
e ISME Journal, FEMS Microbiology Ecology, Nature Microbiology, Nature 
tions, Comm unications Biology, Comm unications Earth and Envir onment, 
a b le Agricultur e. All rights r eserv ed. © The Author(s) 2024. Pub lished by 
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Table 1. Examples of micr obial str ategies that can be de v eloped and/or deployed at scale to tackle climate change (Cavicchioli et al. 2019 , 
Tiedje et al. 2022 , Jiao et al. 2024 , Xue et al. 2015 ). 

Str a tegy Mechanism of action Benefits Application 

Carbon sequestration Microbial enhancement of carbon 
sequestration in soils and oceans 

Reduces atmospheric CO 2 and 
enhances soil productivity 

Agricultural and forestry 
sustainability and marine 
biosequestration 

Methane oxidation Use of methanotrophic bacteria to 
oxidize methane into less harmful 
compounds 

Lo w ers methane emissions and 
can promote atmospheric removal; 
mitigates a potent greenhouse gas 

Landfills; liv estoc k mana gement; 
inland freshwater bodies; wetlands 

Bioener gy pr oduction Cultivation of algae and other 
microbes for biofuel production 

Pr ovides r ene wable ener gy; r educes 
reliance on fossil fuels 

Biofuel production; industrial 
applications 

Bioremediation Micr obial br eakdown of pollutants 
and hazardous substances 

Impr ov es envir onmental health; 
reduces toxin exposure 

Industrial waste management; 
contaminated land and sediment 
r estor ation 

Micr obial ther a pies Tar geted micr obiome mana gement 
using microbial therapies (for 
example , probiotics , postbiotics , 
prebiotics); can mitigate harmful 
microbiomes and consequent 
envir onmental degr adation; 
restoring beneficial microbiomes 
across hosts and ecosystems 

Impr ov es or ganismal and 
environmental health and can be 
applied to sustainable practices, 
which, in turn, minimizes 
greenhouse gas emissions 

Wildlife and ecosystem r estor ation 
and rehabilitation; sustainable 
a gricultur e; human health 

Nitr ogen mana gement Engineering crops with symbiotic 
bacteria to fix atmospheric 
nitrogen or crops that produce 
biological nitrification inhibitors 

Enhances soil fertility; reduces 
fertilizer use; increases plant 
nitrogen use efficiency; decreases 
eutrophication and greenhouse gas 
emissions 

Sustainable a gricultur e; cr op 
production 

Figur e 1. Cor als and clima te change . A–D, Examples of the same healthy (A, B), bleached (C) and dead (D) corals before (A, B) and after (C, D) being 
affected by heatwaves caused by climate change. Photos by Morgan Bennett-Smith. 
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