How Fungi can Slow Climate Change:
Impact of Mycorrhizae on Terrestrial Carbon Sinks Under Elevated (O, Levels

Oscar Anderson and Professor Francis Niccoli
Palo Alto High School

-
-
> h_a’. o
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AM mycorrhizae have the potential to lower global
temperatures by ~0.5°C naturally. AM shows significant
promise in increasing the ecosystem’s future land carbon sink
to remedy the greatest global environmental threat.
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Earth contains ~4/2 million hectares of abandoned agricultural land and ~2 billion hectares of deforested land. Simulation results
BACKGROUND / HYPOTHESIS | from this study suggest that the inoculation of AM fungi during re-vegetation of these lands could increase soil carbon storage by
| weighted means of 12.6% or 118 grams per m?, when (0, levels projected from 372 ppm (~year 2000) to 616 ppm (~year 2100). ;
from the atmosphere, can mediate Earth's carbon cycle. Yet | AM symbioses could offset anthropogenic emissions by 9.5 to 15 Gt CO, equivalent, lowering global temperatures by ~0.5°C. Figure 10. Impact of mycorrhizae on climate change. Source
. . . . o for 2100 Warming PrOJectlons Cllmate Action Tracker 2022.
the amount of [and is insufficient to keep up with anthro- | (g | Abandoned agricture and: P——

. .. S TR e =2 billion hectares T G A Y
pogenic emissions (Walker, 2020, p. 24). == A*“Cmp'a“d ESO; e a7 FUTURE WORK
S/ | [— AM-Shrubland (1) : e e | T | Th fth del b db
Mycorrhizal fungi form symbiotic networks with plant roots | 855 == AVLTemperate_Forest (1) T ‘ 1NE ateuraty o t.e.current MOGEL tan bE improved by ,
and can enhance or diminish the Earth’s giant soil organic | {8 AM-Tropical_Forest ~ (3) — | e B lnco.rporatlng additional C.Oz enrichment data when available,
carbon (SOC) pool of ~1,500 gigatons (Gt). Therefore, itis [« Bkl i . | particularly from AM-Tropical Forest, AM-Temperate Forest,

e i . CM-Shrublan = § | . ;
Imperative to identify which mutualistic relationships can &% ik 4 ﬁ Eoﬂ S:batl):)m: Forest g - i Q?MSQLubLindaECM-Alpme rorest, ELHrSubatine Forest, and
: -Shrubland.

effectively increase the ecosystem’s future land carbon sink. [l N el ECMTemperate Forest  (43)

Terrestrial carbon sink, or soils’ ability to sequester carbon

l I I I

Hypothesis: As CO, levels increase, certain mycorrhizae have [l e SSSRESs eesme e L0 m e " i JEAE ORI ACKNOWLEDGEMENTS / REFERENCES
the potential to sequester additional levels of carbon relative [l e e R LT Special thanks to Ms. Hilary McDaniel (Palo Alto High School), Professor
to most policy or technological offsets. Figure 6. Meta-analysis of the effect of elevated CO2 levels on % of SOC changes R e i Francis Niccoli (FOOthill College), Professor Jeff Anderson (Foothill College)

| o | across each fungi-biome symbiosis. Plots illustrate overall mean and 95% confidence ~ Figure 8. Ecosystem restoration opportunities [l 2nd Professor Cesar Terrer (MIT) for helping make this project possible.
?%VZ%%“‘GZ? emn g — mycmh'zas evel. Arrows indicate confidence level beyond the plot limits. Numerical data in

parentheses represent sample sizes.

Climate Action Tracker (2022). 2100 Warming Projections: Emissions and expected warming based on pledges and current policies. November 2022.
https://climateactiontracker.org/global/temperatures/

Du, Enzai et al. (20 February 2020) Global patterns of terrestrial nitrogen and phosphorus limitation. Nature Geoscience. www.nature.com/articles/s41561-019-0530-4

Fagan, Matthew et al. (2020) How feasible are global forest restoration commitments? Wiley Online Library. https://conbio.onlinelibrary.wiley.com/doi/pdf/10.1111/conl.12700
Friedlingstein, P.et al. (2022). Global Carbon Budget 2022, Earth System Science Data, 14,4811-4900, https://doi.org/10.5194/essd-14-4811-2022

Hossain, Mohammed Belal. (09 October 2020). Glomalin and Contribution of Glomalin to Carbon Sequestration in Soil: A Review. Turkish Journal of Agriculture - Food Science and

Technology. DOI: https://doi.org/10.24925/turjaf.v9i1.191-196.3803

Kou-Giesbrecht, Sian et al. (2019) Nitrogen-fixing trees could exacerbate climate change under elevated nitrogen deposition. Nature Communications.

Inoculating AM fungi during re-vegetation of
~472 million hectares of abandoned
sy!gbioﬁc = agricultural land and ~2 billion hectares of ou s, St 201 iogn i s
deforested land could offset anthro pogenic o nwclmatgonewe fsesndorsanding mate imatechange inospercondogde.

Ma, Haozhi et al. (24 June 2021). The global distribution and environmental drivers of aboveground versus belowground plant biomass. Nature Communications.

*f\ mﬁ\ UL &. Vi | | ANy Figure 7. Multivariate regression shows

\'ﬁ & N Ny the predicted SOC effect under iCO, (a)

Belowground: 0 €0; ‘

1500-2z00 GtC Terrestrlal arbon Sink”’ ¢ ‘ - |n rElatIVE termS (%) and (b) |n abSOlUte
Figure 2. Terrestrial carbon ~ Figure 3. A plant colonized by terms (grams per m?). Dots in (a)

sink’s ability to store soil mycorrhizal fungi reaches more soil B venresent overall effect size; in (b) the

organic carbon > OC).W'th and Impacts S oL evels via | Individual experiments with dot intensity
increased atmospheric carbon  biochemical interactions. Source:

dioxide (iCO.,) concentrations. ECHO Asia Note # 43 (2020) are proportional to model weight.

e= ~ @y g =2 =

O

-
o
L
[EEN
o

. . . www.nature.com/articles/s41559-021-01485-1
e m I SS I O n S d u e to I CO by 9 5 to 1 5 Gt CO . Melillo, Jerry et al. (April 15,2021). Soil-Based Carbon Sequestration. MIT Climate Portal. https://climate.mit.edu/explainers/soil-based-carbon-sequestration
¢ Ritchie, Hannah et al. (2021). Forests and Deforestation. OurWorldInData.org. https://ourworldindata.org/forests-and-deforestation

=
=2 =

Silva-flores, Patricia et al. (07 July 2021). Mycorrhizal science outreach: Scope of action and available resources in the face of global change. New Phytologist Foundation.

d I d At 9 5 Gt CO th I l_d b nph.onlinelibrarywiley.com/doi/full/10.1002/ppp3.10213
WO r - WI e ¢ ¢ 2 ) I S WO u e . Soudzilcl)vsllairairN.\Xl. etal.(07 Nlovl:ember 2019). Global mycorrhizal plant distribution linked to terrestrial carbon stocks. Nature Communications.
. . - www.nature.com/articles/s41467-019-13019-27ref=mainstreem-dotcom
equivalent to removing all vehicles from the
ro a C fo r a ye a r‘ At 1 5 Gt CO 2’ It WO u l'd m e a n Terrer, César. (21 May 2021). Balancing carbon storage under elevated CO2. Nature Communications. www.nature.com/articles/d41586-021-01117-5
Watker, Anthony P. et al. (12 August 2020). Integrating the evidence for a terrestrial carbon sink caused by increasing atmospheric CO,, New Phytologist Foundation.

n Ot g e n e rat| n g a ny e le Ctn C|ty 0 r h e at| n g fo r https://nph.onlinelibrary.wiley.com/doi/10.1111/nph.16866

Yang,Yi et al. (2020) Restoring Abandoned Farmland to Mitigate Climate Change on a Full Earth. Science Direct.
https://www.sciencedirect.com/science/article/pii/S2590332220303638

Zomer, Robert et al. (2017). Global Sequestration Potential of Increased Organic Carbon in Cropland Soils. Nature Scientific Reports.

a Wh O l-e ye a r- https://www.nature.com/articles/s41598-017-15794-8

[EEN
(O]

[EEN
B

Soudzilovskaia, N.A. et al. (01 April 2020). FungalRoot: global online database of plant mycorrhizal associations. New Phytologist Foundation.
nph.onlinelibrary.wiley.com/doi/10.1111/nph.16569

Terrer, César et al. (01 July 2016). Mycorrhizal association as a primary control of the CO; fertilization effect.PubMed.gov. pubmed.ncbi.nlm.nih.gov/27365447/
Terrer, César et al. (24 March 2021). A trade-off between plant and soil carbon storage under elevated CO,. www.nature.com/articles/s41586-021-03306-8

o

CO, effect on carbon pools (%)

o

1
=
& 2

— =
N

|
o)
o
o

[EEN
O

Absolute change in soil C (g m™) under eCO,

NO
o



https://climate.nasa.gov/vital-signs/carbon-dioxide/
https://www.echocommunity.org/resources/89cabe75-03ff-4442-88b8-a67855079b08
https://www.echocommunity.org/resources/89cabe75-03ff-4442-88b8-a67855079b08
http://www.nature.com/articles/d41586-021-01117-5
https://climateactiontracker.org/global/temperatures/
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021GL094514
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021GL094514
https://climateactiontracker.org/global/temperatures/
https://www.nature.com/articles/s41561-019-0530-4
http://www.nature.com/articles/s41561-019-0530-4
https://conbio.onlinelibrary.wiley.com/doi/pdf/10.1111/conl.12700
https://doi.org/10.5194/essd-14-4811-2022
https://doi.org/10.24925/turjaf.v9i1.191-196.3803
https://www.nature.com/articles/s41467-019-09424-2
https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
https://www.nature.com/articles/s41559-021-01485-1
http://www.nature.com/articles/s41559-021-01485-1
https://climate.mit.edu/explainers/soil-based-carbon-sequestration
https://ourworldindata.org/forests-and-deforestation
https://nph.onlinelibrary.wiley.com/doi/full/10.1002/ppp3.10213
https://nph.onlinelibrary.wiley.com/doi/full/10.1002/ppp3.10213
http://www.nature.com/articles/s41467-019-13019-2?ref=mainstreem-dotcom
http://www.nature.com/articles/s41467-019-13019-2?ref=mainstreem-dotcom
https://nph.onlinelibrary.wiley.com/doi/10.1111/nph.16569
https://nph.onlinelibrary.wiley.com/doi/10.1111/nph.16569
https://pubmed.ncbi.nlm.nih.gov/27365447/
https://www.nature.com/articles/s41586-021-03306-8
http://www.nature.com/articles/s41586-021-03306-8
https://www.nature.com/articles/d41586-021-01117-5
https://nph.onlinelibrary.wiley.com/doi/10.1111/nph.16866
https://nph.onlinelibrary.wiley.com/doi/10.1111/nph.16866
https://www.sciencedirect.com/science/article/pii/S2590332220303638
https://www.nature.com/articles/s41598-017-15794-8

