
C
opyright: Copyrights retained to the A

uthors., O
pen A

ccess. This article is distributed under the term
s of the C

reative C
om

m
ons A

ttribution 4.0 International License (http://creativecom
m

ons.org/licenses/ by/4.0/), w
hich 

perm
its unrestricted use, distribution, and reproduction in any m

edium
, provided you give appropriate credit to the original author(s) and the source, provide a link to the C

reative C
om

m
ons license, and 

indicate if changes w
ere m

ade. 
The C

reative C
om

m
ons Public D

om
ain D

edication w
aiver (http:// creativecom

m
ons.org/public dom

ain/zero/1.0/) applies to the data m
ade available in this article, unless otherw

ise stated. 

 
RICOS BIOLOGY Journal 
2025, Vol. 3, No. 12, 29-46 
doi: https://doi.org/10.33687/ricosbiol.03.012.100 

  

 
*Corresponding author: Seval ELİŞ  
elis_sseval@hotmail.com  
Ricos Biology Journal ISSN 2959-3751 (E), 2959-3743 (P) 
www.https://ricosbiology.net            contact info@ricosbiology.net 

© 2025 Copyright by the Author 
Licensed as an open access article using a CC BY 4.0 license. 

 
 

Reveiw article 

The Microbial Climate Engine: Quantitative Analysis of Methane 
Fluxes, Carbon Sequestration, and Tipping Points in the 

Anthropocene 

Abouelhag H. A.* 

*Microbiology and Immunology Dept., National Research Centre, Dokki, Egypt, 12622 
Received: 20-11-2025                    Accepted: 29-11-2025               Published online: 29-12-2025 
DOI: https://doi.org/10.33687/ricosbiol.03.012.100 

Table (1): Quantified Microbial Methane Sources (2008-2017 Decadal Mean) 

Source 
Emission 
(Tg CH₄ 

yr⁻¹) 
% of Total Key Microbial Drivers & Statistical Notes 

Recent 
Trend 

Natural Wetlands 145 ± 30 25.2% 
Acetoclastic (∼60%) & hydrogenotrophic 

methanogens; T sensitivity Q₁₀ = 1.3–4.0 (Yvon-
Durocher et al., 2014). 

+3.4% yr⁻¹ 
(tropical) 

Enteric Fermentation 
111 (95–

127) 
19.3% 

Rumen methanogens (Methanobrevibacter spp.); yield: 
20.5 ± 3.1 g CH₄ kg DMI⁻¹ (Hristov et al., 2013). 

+1.1% yr⁻¹ 

Rice Cultivation 31 (25–37) 5.4% 
Flooded soil archaea; emissions increase 3.2x from 

intermittent to continuous flooding (Gupta et al., 2021). 
Stable 

Landfills/Waste 68 (60–76) 11.8% 
Complex syntrophic communities; capture efficiency 

<50% in developing nations (Bogner et al., 2008). 
+2.0% yr⁻¹ 

Termites 9 (2–22) 1.6% Gut symbionts; highly uncertain (Sanderson, 1996). Unknown 

Inland Waters 18 (10–26) 3.1% Sediment methanogens; ebullition dominates (∼62%) 
(Rosentreter et al., 2021). 

Increasing 

Marine/Coastal 10 (7–13) 1.7% 
Mostly suppressed by AOM; seeps localized (Weber et 

al., 2019). 
Stable 

TOTAL 
MICROBIAL 

∼392 68.1% 
 +4-6 Tg CH₄ 

yr⁻² 

Geological/Fossil 
134 (113–

153) 
23.3% Mixed biogenic/thermogenic 

 

Biomass Burning 29 (22–36) 5.0% Pyrogenic 
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Source 
Emission 
(Tg CH₄ 

yr⁻¹) 
% of Total Key Microbial Drivers & Statistical Notes 

Recent 
Trend 

Biofuels 21 (15–27) 3.6% Incomplete combustion 
 

TOTAL 576 100% 
 

+9-12 Tg yr⁻² 

*Note: Percentages may not sum to 100% due to rounding and uncertainty ranges. DMI = Dry Matter Intake. 

* When including all biogenic sources implied by isotopic data, the microbial contribution approaches 74% 
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Figure (1). Global Methane Cycle (By Ward et al., 2015) 
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Figure (2): Interactions between the marine biogeochemical cycles of carbon, nitrogen and phosphorus. 
(By Robinson et al., 2015) 
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Table (2): Summary of Climate Impact Meta-Analyses on Key Microbial Processes 

Process 
Effect Size per 
+1°C 

N Studies Source (Meta-analysis) 
Implication for 
Carbon Cycle 

Soil 
Heterotrophic 
Respiration 

+9.1% (Q₁₀ = 2.4 
± 0.1) 

27 Carey et al. (2016) 
Adds 55–80 Pg C to 
atmosphere by 2050 
if sustained. 

Methanogenesis 
(Wetlands) 

+6.6% (Range: -
0.3 to +20%) 

164 
Yvon-Durocher et al. 
(2014) 

Non-linear; higher 
sensitivity at lower 
temps. 

Soil Methane 
Uptake 

-1.5% to -3.0% 43 Dijkstra et al. (2012) 
Weakens terrestrial 
sink by ∼5 Tg CH₄ 
yr⁻¹ per °C. 

Microbial CUE 
-3.0 to -9.0% per 
2°C 

100+ 
measurements 

Geyer et al. (2019) 
Reduces carbon 
retention efficiency. 

Litter 
Decomposition 

+8.5% (95% CI: 
7.6–9.4%) 

1,103 
García-Palacios et al. 
(2016) 

Accelerates carbon 
cycling. 

N₂O Emissions 
+18.6% (10.8–
27.0%) 

82 Liu et al. (2016) 
Potent GHG 
feedback (GWP₅₀ = 
273). 

Permafrost C 
Release 

40–85 Pg C by 
2100 (RCP4.5) 

Expert 
synthesis 

Schuur et al. (2015) 
>95% microbially 
mediated. 

Mycorrhizal 
Colonization 

-4.2% per °C 348 Mohan et al. (2014) 
Reduces plant C 
allocation to soil. 
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Table (3): Quantified Mitigation Potential of Microbial Strategies 

Strategy 
Annual Mitigation 
Potential 

Key Efficacy Statistics Cost (USD tCO₂-eq⁻¹) Uncertainty/Barriers 

Ruminant Feed 
Additives (3-NOP) 

0.2–0.4 Gt CO₂-eq 
30% reduction (95% CI: 

25–35%) 
15–50 

Adoption rates, 
regulatory approval 

Improved Rice 
(AWD) 

0.05–0.1 Gt CO₂-eq 
48% CH₄ reduction 

(Linquist et al., 2012) 
<0–20 (savings) 

Labor requirements, 
water access 

Soil C Sequestration 
1.4–2.3 Gt C 
(technical) 

0.3–0.8 Mg C ha⁻¹ yr⁻¹ 
(Paustian et al., 2016) 

0–100 
Permanence, saturation 

limits 

Wetland Restoration 0.1–0.3 Gt CO₂-eq 
0.5–1.0 Mg C ha⁻¹ yr⁻¹ 

accumulation (Moomaw 
et al., 2018) 

10–100 
Land competition, slow 

onset 

Landfill Methane 
Capture 

∼0.6 Gt CO₂-eq 
>90% capture feasible 
(Bogner et al., 2008) 

5–15 
Economic viability for 

small sites 

Biochar Amendment 0.5–2.0 Gt CO₂-eq 
MRT 100–1,000 years 
(Lehmann et al., 2021) 

30–120 Feedstock sustainability 

Marine CDR 
(Seaweed) 

0.5–1.0 Gt CO₂-eq 
Uncertain permanence 

(GESAMP, 2019) 
50–500 

Ecological impacts, 
verification 
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Fig (3): Climate change is accelerated by anthropogenic greenhouse gas emissions, and its effects are 
increasingly felt globally. (By Wang et al., 2023)  
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