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Glomalin: Hiding place for a third
of the world’s stored soil carbon

By Don Comis, Agricultural Research Service Information Staff

A sticky protein seems to be the unsung
hero of soil carbon storage.

Until its discovery in 1936 by ARS soil scientist
Sara F. Wright, this soil “super glue” was mistaken
for an unidentifiable constituent of soil organic
matter. Rather, it permeates organic matter,
binding it to silt, sand, and clay particles. Not
only does gfomalin contain 30 to 40 per cent
carbon, but it also forms clumps of soil granules
called aggregates. These add structure to soil and
keep other stored soil carbon from escaping.

As a glycoprotein, glomalin stores carbon in both
its protein and carbohydrate (glucose or sugar)
subunits. Wright, who is with the Sustainable
Agricultural Systems Laboratory in Beltsville,
Maryland, thinks the glomalin mofecule is a
clump of small glycoproteins with iron and
other ions attached. She found that glomalin
contains from 1 to 9 per cent tightly bound iron.

what makes up soil organic matter. It is increas-

ingly being included in studies of carbon storage
and soil gquality. In fact, the US Department of Energy,
as part of its interest in carbon storage as an offset to
rising atmospheric carbon dioxide (CO2) levels, partial-
ly funded a recent study by lab technician Kristine A.
Michols, a colleague of Wright's. Nichols reported on
the study as part of her doctoral dissertation in soil sci-
ence at the University of Maryland.

That study showed that glomalin accounts for 27 per
cent of the carbon in soil and is a major component
of soil organic matter. Nichols, Wright, and E. Kudjo
Dzantor, a soil scientist at the University of Maryland-
College Park, found that glomalin weighs 2 to 24 times
more than humic acid, a product of decaying plants
that up to now was thought to be the main contributor
to soil carbon. But humic acid contributes only about
8 per cent of the carbon. Another team recently used
carbon dating to estimate that glomalin lasts 7 to 42
years, depending on conditions.

For the study, the scientists compared different
chemical extraction technigues using eight different
soils from Colorado, Georgia, Maryland, and Nebraska.
They found that current assays greatly underestimate
the amount of glomalin present in soils. By compar
ing weights of extracted organic matter fractions (glo-
malin, humic acid, fulvic acid, and particulate organic
matter), Nichols found four times more glomalin than
humic acid. She also found that the extraction method
she and Wright use underestimates glomalin in certain
soils where it is more tightly bound than usual.

In a companion study, Nichols, Wright, and Dzantor
teamed up with ARS chemist Walter F. Schmidt to ex-
amine organic matter extracted from the same soils

G lomalin is causing a complete reexamination of

under a nuclear magnetic resonance (NMR) imager.
They found that glomalin’s structure differs from that
of humic acid — or any other organic matter compo-
nent — and has unique structural units.

In a current study in Costa Rica, partly funded by the
Mational Science Foundation, Wright is using glomalin
levels and root growth to measure the amount of car-
bon stored in soils beneath tropical forests. She is find-
ing lower levels of glomalin than expected and a much
shorter lifespan. “We think it's because of the higher
temperatures and moisture in tropical soils,” she ex-
plains. These factors break down glomalin.

Forests, croplands, and grasslands around the world
are thought to be valuable for offsetting carbon diox-
ide emissions from industry and vehicles. In fact, some
private markets have already started offering carbon
credits for sale by owners of such land. Industry could
buy the credits as offsets for their emissions. The ex-
pectation is that these credits would be traded just as
pollution credits are currently traded worldwide.

How does glomalin work?

It is glomalin that gives soil its tilth — a subtle tex-
ture that enables experienced farmers and gardeners
to judge great soil by feeling the smooth granules as
they flow through their fingers.

Arbuscular mycorrhizal fungi, found living on plant
roots around the world, appear to be the only produc-
ers of glomalin. Wright named glomalin after Glomales,
the taxonomic order that arbuscular mycorrhizal fungi
belong to. The fungi use carbon from the plant to grow
and make glomalin. In return, the fungi's hairlike fila-
ments, called hyphae, extend the reach of plant roots.
Hyphae function as pipes to funnel more water and nu-
trients — particularly phosphorus — to the plants.

“We've seen glomalin on the outside of the hyphae,
and we believe this is how the hyphae seal themselves
s0 they can carry water and nutrients. It may also be
what gives them the rigidity they need to span the air
spaces between soil particles,” says Wright.

As a plant grows, the fungi move down the root and
form new hyphae to colonise the growing roots. When

A microscopic view of an arbuscular mycorrhizal fungus growing
on a corn root. The round bodies are spores, and the threadlike
filaments are hyphae. The substance coating them is glomalin,
revealed by a green dye tagged to an antibody against glomalin.

{Photo by Sara Wright)
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