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Abstract

Healthy soil performs important functions in regulating water volume
and controlling water quality. However, overlooking such dynamics
between soil and water often leads to design misassumption and water
system failure. For instance, the compacted soil and disturbed soil
profile result in poor water retaining capacity and increased surface
runoff. The organic matter loss decrease soil’s effectiveness at binding
and breaking down nutrients and sediments, which further pollute the
water system. To incorporate soil sciences in design and construction
processes, implementing a soil management plan is suggested. The
best soil practices for water system includes 1) Protecting soil structure
to conserve hydrological performance; 2) Avoiding and amending soil
compaction to increase water retaining capacity; 3) Conserving and
restoring soil performance in water cleansing.
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In the vast watersheds of Pacific Northwest in the United States
lie important spawning grounds for pacific salmon stocks. Despite
public support and their enormous cultural and economic value, the
wild salmon population has declined remarkably over the decades.
Because of the anadromous life cycle, where salmon return each year
to the same breeding grounds, many migration routes are threatened
by damming and habitat lost. To restore the stocks and their passages,
heroic efforts were invested in the establishment of fish ladders and
riverbank habitat restoration. Theoretically, with waterways secured, the
population should have recovered substantially. To the disappointment
of many, they remained at overall low levels or continue to decline
in spite of costly efforts™. With further studies and monitoring, the
focus has shifted from the waterway to the land beyond: urbanization,
logging, and farming have altered the original hydrology, leading to
increased surface runoff and erosion. The runoff then carries pollution
and sediment, damaging habitat essential to aquatic life. Not only are
winter peak storm flows much higher, but summer stream flows are also
much lower due to a lack of recharged groundwater. Wild salmon is
highly sensitive to changes in water quality and levels, and therefore it
is nearly impossible to restore their habitat without looking at the soils
in the watersheds®.

It may be difficult to see the direct linkages between salmon and
soil, just as it is difficult to see the larger watershed while viewing a
clear stream. Soil is the vessel of surface water, the container of ground

water, and the filter of underground flow. These roles work together to

regulate regional hydrology (Fig. 1). Because soil exists beneath the
surface, it is often an unseen layer of the water system. Ignoring such a
layer usually leads to design misassumptions and water system failures.
Even in the United States, researchers have noted that the money spent

on studying the soil of Mars is more than that spent on the study of soil
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1.  Soil quality pyramid: Healthy soil is the base for clean water and clean air. © National
Resource Conservation Service: Soil Publications

2. Soil is the unseen layer in water systems: Buffalo Bend Park is a conversion of waterfront
and industrial brownfield into an urban wetland demonstration project. The project diverts
urban runoff into a series of connected wetlands before returning the flow to the bayou,
removing bacteria, nutrients, and toxic materials from water on the way. Project location:
Houston, Texas, USA. © SWA Group
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3. Conserving on-site and off-site Soils: Conserving and incorporating the on-site and
surrounding soil, the eco-corridor is carefully graded to create hills and valleys that direct
the flow of water across the site, replacing the existing disconnected canals with a series of
free-flowing rivulets, streams, ponds, and marshland that will support the re-establishment
of the indigenous ecology. Project location: Ningbo, China. © SWA Group
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on Earth®. In our daily practice, landscape architects are proficient with
site grading and drainage, but when it comes to soil and water dynamics
that exist under the finished grade, our knowledge is usually
woefully insufficient. To link this gap, the first step is to understand
how soil performs in regulating water volume and controlling water

quality (Fig. 2).

1 Soil Compaction in Stormwater Management

With increasing areas of impervious surface in urbanized centers,
tackling the corresponding surface runoff in an altered urban hydrology
has been a difficult challenge in stormwater management. The direct
solution is to reduce the paved area and preserve more softscape areas.
However, softscape does not always guarantee infiltration and drainage
performance. | have seen a newly graded site with only 10% hardscape
suffer from a more than 10% increase in stormwater runoff and erosion.
How did this happen?

Healthy soil, other than the mineral component and organic matter,
is composed of roughly 25 percent air and 25 percent water. Two types
of passages allow air and water to travel through the soil: the large
passages are called macropores and are large enough to be governed by
gravity; smaller passages between particles are called micropores, inside
which the water is held by surface tension and capillary action. When
water fills in all macro and micropores, the soil reaches “Saturation”,
which is the largest capacity a given volume of soil can hold. After the
water in the macropores has been drained by gravity, the soil reaches a
state called “Field Capacity”, and the air returns to the passage while
water in the micropores are still available for the roots. When a drought
occurs and roots are no longer capable of pulling remaining water
from the micropores, the state is called the “Wilt Point”. Healthy, non-

compact soil has a larger range from saturation, field capacity, to wilt
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point, while compact soil has much smaller range of taking in and
storing water in its property.

Soil can very easily become overly compacted during construction.
In standard practice, heavy equipment for building roads and structures
compact the soil to an engineered hardscape standard, which seriously
damages soil structure by shrinking the spaces between soil particles
available for air and water. This process reduces infiltration rates, which
increases the runoff volume and flooding potential™. If not restored
immediately, compacted soil can start a spiral of degradation.

Another factor affecting infiltration and percolation is damage to
soil structure and horizons. Soil horizons are horizontal layers of soil at
different stages of weathering and accumulation. Each horizon sequence
has a different structure and performs differently in drainage relative
to the surface. If the original soil profile is disregarded or disturbed
during site grading, for example, the displaced soil horizons will lose
their original performance standards. Furthermore, the disturbed soils
sometimes form an abrupt boundary between two dramatically different
horizons. Roots and water may have difficulties crossing layers that
have different levels of porosity. These effects contribute to poor
infiltration or percolation, and result in poor drainage performance and

poor water retaining capacity.

2 Organic Matter Loss and Water Quality Control

The difference between soil and dirt lies in soil’s ability to form a
living medium and support life. Other than mineral components, the air,
water, humus, roots and the attached fungi, micro-organisms, and fauna
that constitute soils, form a strong and complex ecosystem. The more
established the system, the more organic connections exist with larger
surface areas, allowing for a stronger Cation Exchange Capacity (CEC).

In the humus layer, for instance, its CEC range is about ten times more
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4.  Structural soil: Uniformly graded angular gravel, clay loam, and hydrogel form this
uniquely designed medium, which can meet or exceed pavement design and installation
requirements while remaining root penetrable and supportive of tree growth. Project
location: San Francisco, USA. © SWA Group

5.  Amodular suspended pavement structural cell supports hardscape and transports structural
loads to the base. The system was developed to provide soil volumes that support large
tree growth and powerful on-site stormwater management. Project location: Berkeley, USA.
© DeepRoot
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than that found in the same amount of sandy loam®. This character,
in terms of agriculture, refers to the soil’s ability to hold nutrients and
make them available to the plant and therefore more fertile. From
the perspective of water quality control, soils rich in organic matters
contain micro-organisms that demobilize or degrade pollutants and
keep them from entering the surface water.

In the recent decades, the use of treatment wetlands to clean surface
water has been proven effective and gained substantial public support.
Less well know are cleaning processes that occur at the interfaces
between soil and roots'. Wetland environments, with large amounts of
organic matter and aquatic root systems, provide an excellent setting
for cation exchange, a process similar to the ways healthy soil helps in
nutrient break-down.

In the regular built environment, the humus layer of topsoil often
does not get the attentions it deserved. Foliage litter, dead twigs, and
other debris collected in the soil are usually removed, if they existed
in the first place, by site maintenance. This practice breaks the nutrient
cycle and keeps the plants from becoming replenished with organic
matter. Over time, the loss of organic matter and problems of moisture
loss will slowly diminish the capacity of cation exchange. Degraded
soils suffering from organic matter loss have a decreased ability
to maintain biological activity and provide nutrients to the plants.
Poor soils are less effective at binding and breaking down fertilizers,
hydrocarbons, and other urban pollutants. When entering the aquatic
food chain, these excessive nutrient and urban toxins significantly
degrade water quality and damage the aquatic food chain over short and

long term time periods.
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3 Soil Best Practices

Landscape architecture is a profession that brings art and science
together. Landscape architects are privileged to be in a position that
finds solutions and potentially makes the world a better place. With
the expanding base knowledge of landscape architecture, soil is
undoubtedly the next frontier to be incorporated in our regular practice.
Adding a “Soil Management Plan” © into the standard deliverable might
be a good start. It will provide a platform for scientific involvement,
design intervention, owner’s commitment, construction coordination,
maintenance and monitoring. The following are some very brief

suggestions for soil best practices that pertain to water systems:

3.1 Protect Soil Structure to Conserve Hydrological Performance

It takes hundreds of years to develop soil horizons and topsoil, but
it does not take very long to irreversibly damage them. Conservation
of existing soil structure should be a priority in site design and
construction, because it has the most vernacular character and a
performance that is almost impossible to replicate. In another word,
protecting soil on-site, is protecting the site hydrology. The first step
is to conduct an overall soil survey and identify valuable Vegetation
and Soil Protection Zones (VSPZ)®. Soil conservation should be an
important site constraint during the design process (Fig. 3), and the
designed plan should insure minimal disturbance during construction.
If existing site conditions need to be modified, soil removal and stock
piling is the next best practice to ensure soil quality is maintained.
Evaluate the conditions and extents before stripping topsoil and subsoil,

protect soil stockpiles and storage from water and wind erosion, yet
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http://www.soilsforsalmon.
org/
“ Baskin, Y. (2006). Under Ground: How
Creatures of Mud and Dirt Shape Our World. Washington, DC: Island Press.

2009” 43 http://www.sustainablesites.org/

2009” 4.4 http://www.sustainablesites.org/

provide constant moisture to maintain its biological activity, and
provide fencing and sediment control throughout the construction

period to avoid off-site pollution.

3.2 Avoid and Amend Soil Compaction to Increase Water Retaining
Capacity

Physical structure and bulk density of soil has a direct influence on
soil performance, such as infiltration, percolation, and overall water
retaining capacity. During the design phase, designers should set up
the hardscape layout corresponding to potential construction staging
areas. Contractors should limit heavy equipment routes and staging
areas in future planting zones to prevent unnecessary compaction. For
the areas inevitably disturbed during construction, or in brownfield
sites where the soil has already been compacted, a soil amendment plan
should be in place. Slight surface compaction can be treated by adding
topsoil amendment with deep root plating. For deeper compaction,
making changes in the top layer of soil will do little to improve the
soil if nothing is done to correct problems in the layer below. Using
mechanical treatments might be helpful in such compaction: traditional
tilling can be ideal for thin layer compaction, while trench sub-soiling
might be necessary to bring air and water back to deeply compacted
soils. When applying soil compaction reduction techniques, sequencing
and routing is critical in preventing a second round of compaction
from the equipment’s load. Adding organic matter or material, such as
expanded shale or calcine clay, to the soil during turning or tilling will
introduce an artificial structure and help reduce the tendency toward
recompaction. Do not add small amounts of sand to improve texture

and drainage in the clay. It is difficult to mix sand into clay or silt, and
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if insufficiently mixed, the sand will surround the soil peds and form a
coating, resulting in worse drainage®.

In highly urbanized areas, such as plaza canopies and street trees,
hardscape and softscape are so closely interwoven it can be difficult to
set a clear boundary between compacted and non-compacted soils. In
this situation, there are several innovative solutions, such as structural
soil (Fig. 4) and suspended pavement structural cells (Fig. 5), for
designers’ and builders’ references. Both of these methods provide
alternative solutions to load requirements; yet preserve passages for

aeration, water storage, and root development.

3.3 Conserve and Restore Soil Performances in Water Cleansing

Long term degradation and organic matter loss turns soil into
lifeless dirt with little capacity for holding nutrients. To restore the
lost organic property, compost is an ideal material for amendment.
Use the reference soil® to determine a reasonable composition of
the original soil profile, as well as potential deep root pioneer plants
for the first succession. Types of compost vary greatly and designers
should select the appropriate according to the original soil profile or
future planting material. For areas around trees or general soil texture
improvement, use high-lignin compost such as pine bark or coconut
husks. These have greater longevity in soil and decompose slowly, thus
holding soil particles apart longer. For restoring topsoil or the humus
layer, well-aged compost from locally produced yard waste made up
of leaves and grass is more ideal. Apply the appropriate amount of
yard waste compost; lightly tilling it into the top several inches of soil
will improve the organic content of the soil and create conditions for
improvements in the soil food web. Organic restoration is the final step
in soil improvement. The goal during this phase is to reintroduce and
reconnect the damaged link of the original nutrient circle. The proposed
organic matter should eventually disappear and be replenished by plant
litter on site. Once the organic functions are restored, the soil will be
more resilient to environmental, chemical, and PH changes while at the
same time contributing to better water quality.

In summary, as long as a design can provide an environment that
facilitates bio-remediation, water cleansing can happen anywhere —
a swale, a tree pit, or a rain garden (Fig. 6). In most sites, we cannot
directly control the hydrology, but we can control the soil within
these sites, and enable natural processes to work in our favor. In

thoughtful and sustainable design, let the soil be the vessel, let the soil

be the container, and let the soil be the filter. It is the unseen layer of

landscapes and the foundation of green infrastructure.

4 How Much Does a Fish Cost?

The best practices outlined previously, make projects more
challenging to design, higher in overall cost, more restrictive during
construction, and more complicated to coordinate. With all these
additional efforts, however, the benefits — healthier native flora and
fauna, lower risk of flooding, reduced irrigation costs, and improved
water quality — are often unseen in the short term. How much does
a salmon cost? The bigger question might be, how far would we go
to return land to a pristine condition that harbors clean streams and
sustainable eco-systems?

It may take a whole society to answer this question. But before that,
it is essential for landscape architects to understand that soils are woven
into the entire fabric of sustainable water systems. \We must understand
soil sufficiently so that each design detail and specification is informed
by what impact it will have on basic soil concepts and requirements.
That knowledge will also require us to be better designers and allow us

to pursue greater design innovations. LAF

NOTES

@ In 1999, Washington Organic Recycling Council (WORC) established a project call “Soils for
Salmon” designed in increasing the awareness of soil improvement as a means to support salmon and
other species recovery. The website: http://www.soilsforsalmon.org/.

@  “Money is on Mars, Dirt is on Earth.” quoted from: Baskin, Y. (2006). Under Ground: How Creatures
of Mud and Dirt Shape Our World. Washington, DC: Island Press.

(3  For more information of Soil Management Plan, please refer to “Guidelines and Performance
Benchmark 2009” from Sustainable Site Initiative. Prerequisite 4.3. The website: http://www.
sustainablesites.org/.

@  For more information of VVSPZ, please refer to “Guidelines and Performance Benchmark 2009” from
Sustainable Site Initiative. Prerequisite 4.4. The website: http://www.sustainablesites.org/

® Reference Soil is the sample soil profile before disturbance. Designers can refer to NRCS Soil
Surveys and / or native vegetation communities are present.
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6. Sustainable green infrastructure: Healthy and functional soil is the best medium in
cleansing surface runoff in urban settings. With careful grading and hydrological study, a
series of rain gardens replace storm pipes and become the green infrastructure of a new
development. Project location: Hefei, China. © SWA Group
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