GLOMALIN - THE SCUMMY SOIL BUILDER
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Why Build Soils?

[I will describe a demonstration that | will do at the workshop which illustrates why it is
S0 important to care about building our soils.]

First take a medium sized apple and imagine that it represents Earth. Now, slice the
apple into four pieces and remove all but one piece. This piece represents all of the land, since
earth is % water. Next, slice that piece in half. Keep one of these halves or an eighth of your
apple. This eighth represents the land people can live on while the other eighth is inhospitable
(i.e. under polar ice caps, on top of mountains, etc.). Now, slice this in half leaving one sixteenth
that is too cold, wet, rocky, or dry to grow food and one sixteenth that could be used for food
production. However, people need places to live, highways to drive on, shopping malls, and
manufacturing facilities which take up about half of that sixteenth. Finally, take the other half of
the sixteenth or one thirty second and look at it carefully. Only the surface of the earth can be
used to grow food, right? So, remove the peel. This thin peeling is what is used to grow enough
food to feed the over 6 billion people on earth. To be able to continue to feed these people and
even more people, we need to look at our soils as a precious resource.

Therefore, |1 want you to begin thinking about yourselves as not just food or commodity
producers, but as soil builders who will provide the resources to feed the world now and in the
future. This is good for the rest of the world but what does this mean for you. Soils are living,
dynamic systems. If you build your soils, you will increase the resiliency of your production
system by improving nutrient cycling and water and air infiltration which will reduce input costs
and increase production.

How do we build soils and what tools are needed? To build soils, just like when building
a house, supplies (i.e. wood, cement, nails, etc.) and people (i.e. laborers, electricians, plumbers,
etc.) are needed. In the soil, the supplies are sand, silt, clay, carbon, nitrogen, and other
nutrients. However, without the builders, no matter how many supplies you have you will never
have a house. Who are these builders? They are the soil biota.

Billions of soil organisms — earthworms, insects, mites, bacteria, fungi, etc. — are living
beneath our feet. In fact, more organisms may be present in a teaspoon of soil than there are
people on Earth. These organisms come in all shapes and sizes and use different supplies to
build different parts of the “house’ (i.e. soil). Each organism has a role, just like each of the
people involved in building a house, in converting nutrients into forms available to plants by
processes such as organic matter decomposition and nitrogen fixation. These organisms are
related in a complex food web where one organism can’t build the soil alone (Fig. 1). If you
remove a group of organisms, then the whole web may collapse.
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Figure 1. A complex food web, involving millions of soil organisms, exists in the conversion of plant
debris and other types of organic matter into plant available nutrients. This diagram illustrates
how different groups of organisms impact each other in this process.

What is Glomalin (i.e. Soil Scum)?

One group of microorganisms that is important in nutrient cycling and adding structure to
soil is arbuscular mycorrhizal (AM) fungi. Arbuscular mycorrhizal fungi form a mutually
beneficial relationship with most (about 80%) plants (including many crop plants). The body of
AM fungi consists of hyphae (which look like fine thread '
in the soil or long strands of hair coming out of plant
roots) (Fig. 2). Hyphae will grow out of roots and several
centimeters (or 1-2 inches) into the soil. The structure of
a plant’s root only allows it to remove nutrients in the
immediate area around the root. To obtain all the
nutrients a plant needs, AM fungal hyphae extend beyond
the nutrient depleted area around plant roots to deliver
more nutrients to the_ root from the soil, espeC|aI_Iy Figure 2. Long, thin thread-like
immobile nutrients like phosphorus. These nutrients are strands of hyphae stick out of plant
carried back to the plant by the hyphal “pipeline’. In roots and grow into the soil to collect
exchange, the plant provides the fungus with carbon in nutrients that the plant needs.
the form of simple sugars that the plant produces in
abundance by photosynthesis.




Numerous strands of AM hyphae (Fig. 3) form a net that entraps organic matter, clay, sand, silt,
and other soil debris to form soil aggregates. Aggregates are glued together and ‘protected’ or
stabilized by biomolecules, such as glomalin. Glomalin, which was identified in the early
2 1990’s, is produced by AM fungi to protect the hyphal
‘pipeline’ from nutrient loss. In other words, glomalin
acts to transform hyphae that are normally like paper
tubes in the soil into a stable PVC pipe. Glomalinis a

Figure 3. Strands of AM hyphae
coated with glomalin physically entrap
debris to initiate aggregate formation.
After a laboratory procedure, bright
spots indicate the location of glomalin.

sugar protein
that is both
sticky and
water-insoluble
which will
slough off
hyphae and
become scum
(Fig. 4). When
released from
hyphae,
individual

glomalin molecules will stick together to form a scum
on the surface of the water. This scum will attach to
any nearby surface, especially aggregates that are

Figure 5. Glomalin is sloughed from hyphae
onto 1 to 2 mm aggregates to form a
protective, insoluble coat that keeps
aggregates water-stable. After a laboratory
procedure, bright spots indicate the location
of glomalin on the aggregate.

Figure 4. Water-insoluble glomalin
sloughs from fungal hyphae and
aggregates together to form a foamy
scum on the water surface.

formed around fungal hyphae. The sticky part of the
glomalin molecule helps to glue aggregates together
while the water-insoluble part forms a protective PVC-
like lattice on the surface of soil aggregates (Fig. 5). Soil
aggregates are important for many reasons including:

e Increasing the soil’s stability against wind and
water erosion.

e Maintaining soil pores, which provide air and
water infiltration rates favorable for plant growth.

e Improving soil fertility by holding nutrients in
protected micro-sites near the plant roots.

e Increasing organic matter concentrations by
protecting plant and root biomass from
decomposition.

Management influences aggregate stability and glomalin concentration (Fig. 6). Ina
never tilled, moderately grazed pasture, the water-insoluble glomalin coating encases aggregates
so well that they will float on the surface water. Without glomalin, water rushes into air-filled
pores within aggregates. Because water diffuses more rapidly than the air can escape, air
pressure in these pores increases and the aggregate bursts. When this occurs, as in both
conventional till (CT) and no-till (NT) soils, aggregates are disrupted into smaller
conglomerations, called microaggregates) or fine particles which may be easily transported by



wind or rain (Fig. 6B). With glomalin, a water-insoluble barrier is formed on the aggregate,
which allows water to seep in slowly and prevents aggregates from bursting. The more
glomalin, the more water-stable the aggregates become.
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Figure 6. Dry-sieved soil aggregates (1-2 mm) (A) look about the same, but after the
addition of water (such as during a rainfall event) (B), these aggregates do not act the same.
Water-stable aggregate percentages (WSA) and glomalin concentrations (TG) in three soils
at the Northern Great Plains Research Laboratory change with management (from left to
right): spring wheat (SW)-fallow, conventional till; SW-winter wheat-safflower, no-till; and
never tilled, moderately grazed pasture.

How can YOU be a SOIL BUILDER?

To be a soil builder, you must manage your system appropriately. The management
systems that are most successful to increasing AM fungi, glomalin, soil biota, and organic matter
(i.e. building soils) are those that include:

Reduced or no tillage,

Continuous cropping,

Diverse rotations,

Reduced fertility inputs (especially P fertilizers), and

Minimum use of nonmycorrhizal crops such as canola, crambie, cabbage,
broccoli, and cauliflower).
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