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Preface
Bioretention gardens are natural stormwater solutions that can be effectively implemented 

in relatively small areas compared to their associated drainage basins. These best 

management practices exist to control and treat stormwater runoff where it falls, rather 

than directing it to the nearest river or lake. Bioretentiongardens are efficient in removing 

pollutants, conserving water, and creating attractive natural amenities for development 

and construction projects. Bioretention gardens, like their smaller sister rain gardens, 

are some of the most commonly used stormwater management strategies in urban 

environments. They are called gardens because, in addition to their intended stormwater 

function, they can complement the landscape of your project and the community.   

The design of bioretention gardens affects human welfare, health, safety, and the 

environment. The design of bioretention gardens will require the certification of a 

registered professional engineer and/or landscape architect. The design and installation 

of successful bioretention gardens require an interdisciplinary effort, integrating the skills 

and knowledge of engineers, landscape architects, earth scientists, and landscape plant 

and maintenance experts. This ensures that gardens will be functional, beautiful and 

maintainable. 

The purpose of this guide is to specifically address the environmental conditions of 

eastern Nebraska and the Omaha region in particular. It details information necessary for 

constructing best management practices that are both functional and attractive.

CREATING GREEN GARDENS
THE OMAHA MANUAL FOR BIORETENTION GARDEN 
DESIGN AND CONSTRUCTION
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Stormwater management can be frustrating in Eastern Nebraska.  Occasionally 

it rains so much it seems there will be no end to stormy weather.  Other times there 

is too little water, and every drop is precious. These extremes make rain gardens and 

bioretention gardens attractive options for managing stormwater.  

Bioretention gardens are stormwater best management practices, or BMPs, designed 

and constructed to control, clean, and manage rainwater runoff.  They protect our 

water resources and properties, and through the capture and infiltration of rainfall, 

they act to conserve water, allowing it to return deep into the soil where it can be 

stored and used by plants later in the year.  

What is a Bioretention Garden?
Simply defined, a bioretention garden is a relatively shallow depression of nearly 

any size with amended soils and a sub drain system to collect stormwater runoff, 

maximize infiltration, and convey excess water slowly to the nearest outflow 

or channel.  The word “garden” is important.  In most places, bioretention 

gardens are conspicuous parts of the landscape, so they should have aesthetic 

appeal.  But it is the bioretention garden’s function that is most important.  The 

functionality relies on careful, combined management of water, soil and plants.

Stormwater Management Requirements in 
Omaha
Stormwater management is an issue that affects residents, businesses, and even 

the local government that oversees it.  It’s not unusual for streets to flood during 

even moderate rains, and the streams that drain our lands are quickly eroding 

and destroying property and creating hazards in our own backyards.  Water 

quality in our streams has degraded substantially as it becomes polluted with 

sediments and chemicals from our streets and lawns.  Bioretention gardens 
are one way to help reduce damaging stormwater runoff and 
improve water quality. 
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When stormwater runoff 
concentrates in streams – 
especially in areas that are 
highly developed with houses, 
roads, shopping centers 
and office buildings – the 
banks easily erode, creating 
deep channels that threaten 
properties and are dangerous 
to people.

Runoff Can Do Harm
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Omaha requires stormwater management methods to capture and treat 

the first half-inch of runoff.  While this doesn’t sound like much, it is this 

first half inch that carries most of the pollutants in the “first flush” of 

rainfall that hits the ground. In fact, most of the damage from rainstorms 

actually occurs when less than one inch of rain falls.  Bioretention gardens, 

like similar stormwater BMPs, can actually reduce the amount of damaging 

water flow while effectively filtering and cleansing the water before it flows 

into streams and lakes.

Omaha’s Unique Environment 
and Prairie Heritage
Cities in this region sprang from the grassland prairies and upland forests 

formed in deep, rich soils.  We experience cold winters, very warm and 

sometimes dry summers, and typically wet springs.  Intense thunderstorms 

and heavy rains are common in the spring, and rainfall is common 

throughout the summer and autumn.   

We also have unique deep loess (wind blown) soil as the base of the 

region’s topography of gently rolling hills.  Loess soil is characterized by 

high silt content and is easily eroded if not protected by deep-rooted plants.  

When left unprotected by vegetation, the exposed soil erodes easily, 

especially in developed areas, and can have a significant impact on soil 

resources and public safety. 

 

While exotic or non-native well-trimmed grasses and flowers are considered 

acceptable in our yards, they can require lots of water, fertilizer, and 

maintenance.  The grasslands and hardwood forests that are native to Omaha’s 

landscapes are rich, diverse ecological communities.  The plants that were part 

of the original prairie have adapted to this environment and are well suited for 

the extreme conditions that we experience here.  They don’t require fertilizers 

and, once established, need very little water throughout their life cycles.  In 

addition, native landscapes have beautiful, colorful grasses and flowers.  

Whether in a wild diverse mix or set in gardens, these plants have deep colors 

and vibrant flowers that rival many exotic species. 

Why Bioretention Gardens
Besides the new requirements for stormwater treatment in the Omaha region, 

why would you want to include a bioretention garden in a development or open 

space plan?  Here are a few reasons to consider:
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Bioretention gardens are a cost-effective way to manage and •	
improve stormwater runoff.

They add value to property with distinctive landscaping options.  •	
Studies show that properties that incorporate native landscape 

strategies and green space sell sooner and at a higher price.  They 

also retain their value for a longer period of time.

Bioretention gardens and native landscapes present a sense of place •	
unique to Omaha’s natural heritage.

They collect, conserve, and improve water quality.  The •	
environmental benefits are many, including protecting streams from 

erosion, improving air quality, and helping to ease the “heat island” 

effect of large paved areas.

Cost Effectiveness
The cost of designing and building a bioretention garden will vary with 

the complexity of the design and the construction requirements.  The 

true value of the bioretention garden lies in its ability to control or reduce 

stormwater runoff and improve water quality.  A properly planned, 

built and maintained bioretention garden is attractive, but it is also self-

sustaining, making the long-term cost low.  Poor design or construction, 

and lack of startup maintenance ultimately result in a poorly functioning 

or undesirable structure that may need to be replaced.
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What’s Next
This manual will provide design professionals, developers, contractors and 

landowners with important knowledge to help design and build a bioretention 

garden.  Along with Omaha-specific information, you will learn about 

site assessment, garden design, drainage and soil management, effective 

selection and use of plants, and the relative costs associated with bioretention 

implementation. As more gardens are implemented in the future and design and 

construction of stormwater BMPs evolve in Omaha, our collective stormwater 

management knowledge and capabilities will improve, and beautiful sustainable 

gardens may become the norm rather than the exception. 
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To be successful, the bioretention garden designer must have a full 
understanding of the particular landscape in which they are working. 
Many developed sites don’t take advantage of natural features, especially in 

new subdivisions where existing vegetation has been removed and the soil has 

been drastically changed. Even in these situations, however, some natural factors 

remain, including soil type and conditions, wind characteristics, topography, 

drainage, microclimates, and seasonal variations in sun and shade patterns. Plus, 

if existing vegetation is present, it should be assessed for health, landscape role, 

and potential support of, or conflict with, a garden installation. For example, an 

existing tree canopy, root zone, or types of weeds can all impact the location, 

design and maintenance of bioretention gardens. 

When designing a bioretention garden, it is important to determine where it 

will be located, such as in a valley, on a hilltop, or a broad plain setting. Nearby 

structures, drainage conditions, soil types, and vegetation should also be taken 

into account.

Regional Site Context
Historically, much of Omaha was 

upland tallgrass prairie or upland 

deciduous forest.  Areas near the 

Missouri River and local creek 

drainages were vegetated with 

deciduous forests. Development and 

urbanization significantly changed 

landscape conditions, but the basic 

characteristics of native vegetation 

and soils are still intact, and should 

be incorporated into regional bioretention garden design equations whenever 

possible.  Incorporating the regional, native site context into the bioretention 

garden design ties in the native heritage of the landscape with the functional 

beauty of the garden and a sense of “place.”   
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Regardless of how simple a bioretention garden design and 

installation appears, it is critical to evaluate site characteristics 

that will directly impact the garden’s success. As in any 

other landscape project, a working knowledge of the site 

is the first step in the design process. Site conditions must 

be matched to project goals and proposed design concepts. 

These conditions help dictate how those concepts will evolve 

into an attractive and functioning garden. They can also help 

identify drainage patterns, including poor drainage areas 

which are generally bad locations for a bioretention garden, 

shade and sun conditions, and important maintenance 

issues.

Next, an inventory and analysis of site conditions should be completed and documented. For example, a 

bioretention garden collecting water from parking lots and roof runoff from several locations will require more 

detailed information. When assessing site conditions, there are several key considerations, including site context, 

soil characteristics, drainage patterns, microclimates, and existing vegetation. The figure below illustrates a typical 

site analysis for a proposed design that identifies potential bioswale locations (in blue).
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 A site analysis will reveal optimal potential locations for a bioretention garden.

Understanding Landscape 
Opportunities, Constraints and Context
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Local Site Context  
While this manual can help with recommendations, garden 

designers must ultimately look to site-specific conditions 

that provide important clues to successful garden design. 

Vegetative, topographic, and soil conditions can vary 

dramatically within local settings.  Understanding local 

soil, hydrology, and vegetation and their interrelationship is 

important in determining how a bioretention garden can be 

best designed for a particular site.  

The designer should also consider how the garden will look in 

the area. Neighborhoods or urban centers can often have a visual sense of place 

that dictates the unspoken acceptance of how formal or informal a landscape 

feature should appear.  Bioretention gardens designed with curving edges, 

variable plant masses and tall plants will appear informal, whereas straight 

edges, structured plant massing and relatively shorter plants will appear more 

formal and manicured.  

Microclimates  
Landscapes typically contain a variety of microclimates defined by wind 

conditions, sun exposure and shade.  Here are some things to consider:

• Determine where the prevailing winds are. Relative exposure can be 

gauged onsite. For instance, will the garden location be open on top of a 

hill? Is the site nestled in a neighborhood valley with large trees? Gardens 

installed on the north side of a structure or fence will have less exposure 

and drying from wind than those open to the southeast.

• A landscape microclimate that has minimal air circulation will likely 

experience a higher level of plant diseases than an exposed location.  

Under these conditions, disease-resistant plants or specific cultivars will be 

necessary. 

• Sun and shade patterns are affected by structures and existing trees and 

plants.  The north side of a building normally provides shaded conditions 

throughout the day, but in the middle of the summer when sun angles are 

sharpest and temperatures are highest, the shaded area near a building is 

significantly smaller than during the fall and spring seasons.  Conditions on 

the south side of a building are normally hotter and drier due to full sun 

exposure. Shade from trees moves throughout the day, and will vary from 

light to filtered to dark shade depending on tree canopy shape and type of 

leaf.  

The Landscape Environment
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Local site context will provide a basis for 
determining how the bioretention garden 

will look.
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It is recommended that all 
slopes be verified with a 
builder’s or laser level – or 
at the very least, string – to 
assure an accurate working 
knowledge of site conditions.  
Slopes of one or two percent 
are very gradual, and 
extremely difficult to estimate 
accurately.  The amount of 
slope, as well as its direction 
can easily be miscalculated 
if it is not well documented.  
(For example, sloping toward 
a street, an adjoining property, 
or a structure on the project 
property should be measured 
carefully.)

Subtle Slopes

• Moisture conditions are dictated by the direction of the slope, whether drainage 

occurs high or low on the slope, whether the soil is well or poorly drained, and 

by the amount of sun exposure.  Moisture, in turn, affects the type of plant 

community that will be established.

• Normally, locating gardens within the root zone of existing trees is not 

recommended due to the potential for tree root disturbance and/or changes to 

soil moisture.  If a garden is near a tree, however, a thorough understanding of 

shade and sun conditions is required to successfully match garden plants with 

growing conditions. 

Topography and Slopes  

The fact that water runs downhill may seem simple, but the slopes and high 

and low points in a landscape that dictate where water flows are not always 

so simple. It is extremely important to identify and accurately document where 

and how quickly water flows on a site. Some slope is necessary to direct water 

into the garden and even out of the garden if it overflows. Water directed to 

the garden with a smooth paved surface or pipe will require a minimum slope of 

one percent, and drainage on a vegetated surface (turf) or a rough surface (dry 

stream bed) requires at least a two percent slope. Bioretention gardens are not 

recommended on slopes steeper than 12 percent since the cutting and filling of 

soil becomes more difficult on steep slopes.

 
Existing Vegetation 

If vegetation already exists on the site, and potential garden locations are 

adjacent to or within root zones or under canopies, each location should be 

Mid-Day Sunlight

Wind

North Side                                   South Side

More soil moisture                    Less soil moisture

Microclimate
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The aesthetic character of a 
completed garden is just as 
important as its functional 
qualities. Successful 
designers will keep this 
in mind as they design it, 
select plants, and develop 
long-term management 
specifications.

Beauty and Brains
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Landscape position creates a microclimate that will dictate what plants will be successful there.
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assessed for compatibility with changes to soil moisture, grading of existing 

soils, and disturbance to roots.  All healthy trees have a significant amount 

of root zone in the top 6 to 12 inches of soil for ready access to moisture 

and oxygen, so excavation and root disturbances within and to 50 percent 

beyond the drip line of a tree should always be avoided if possible.

WATER – SOIL – PLANTS:  WORKING TOGETHER
All too often in the design of bioretention gardens, the relationships of water, 

soil, and plants are overlooked, which can cause the garden to fail.  The 

interconnection between water, soil, and plants is fundamental to the success of 

bioretention garden design.  

Water
Water is the element that gives life and purpose to the bioretention 

garden.  In the Omaha region, when left unchecked, water as 

stormwater runoff most often flows across pavements into storm 

sewers where it gains volume and momentum. When it exits the storm 

sewer it has very destructive power.  However, when stormwater is 

collected in a bioretention garden, we control that volume and power, 

and bring the water back into the soil where it can be stored for future 

use to sustain plants, cool the air, and flow slowly to streams to sustain 

their long-term flow.

Here are some important facts 
to know about water:

1. It collects rapidly across paved surfaces, increasing in volume 

and erosive power.  A one-half acre parking lot will produce 

The Landscape Environment

Dripline 50-60% 
Beyond80% within 

top 12”
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Take advantage of the plants 
already found in the area.  
A garden installed near a 
natural area may borrow 
plants as seeds are dispersed 
into adjoining landscapes. 
Plants such as swamp 
milkweed, cardinal flower 
and golden alexanders grow 
naturally along streams in the 
Omaha region, and are also 
recommended for rain garden 
planting.

Borrowing from Nature
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approximately 1,800 cubic feet of water – or nearly 14,000 gallons – with 

a typical one-inch rainfall.  That amount of water would fill a four-foot 

deep, 24-foot diameter pool in a very short period.  How many acres – or 

swimming pools – are in your parking lot?

 

2. While it runs off the parking lot – or any other surface – water picks up 

a myriad of pollutants from sediments and salts, oils and greases, metals, 

pesticides and fertilizers on lawns.  If these pollutants are not removed 

from the stormwater, they will pollute streams, rivers, and lakes. 

3. Water is the great temperature modifier, cooling air temperatures that 

reduce our demand for energy use in air conditioning.  To cool the air, 

however, water must go through the soil, and then through plants 

(Marzluff, et al, 2008).

Soil
Soil is the fundamental building block of a bioretention garden.  It’s a common 

misconception that our soil is full of clay, and water can’t penetrate it effectively.  

This is far from the truth.  Because the Omaha region sprang from the prairies 

and wooded uplands and bottomlands, the native plants that grew here had 

deep roots that opened pores to move water deep into the ground. 

2

Biology of Soil

Fungal Hyphae

Bacteria

Plant Root

Root Hairs

The soil is a living organism. Soil fungi and bacteria help transport water and nutrients to plant roots, and 
help bind soil particles together to create rich, friable soil that rapidly absorbs water and supports plants.
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Water can be destructive when not controlled, 
and it will pick up pollutants from surfaces it 
crosses.
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The Landscape Environment

Historic soils in the Happy 
Hollow neighborhood near 
Elmwood Park (silt clay loam, 
100 years since development) 
have different inherent 
characteristics than those found 
in the Boys Town area of Omaha 
(silt loam, five to 20 years 
since development). Subtle 
site differences need to be 
known to enhance the success 
of bioretention gardens. Soil 
characteristics can be found on 
the NRCS Soil Survey Web site: 
http://www.websoilsurvey.nrcs.
usda.gov.

Know Your SoilImportant soil facts include the following:
1. Soil is more than just sand, silt, and clay.  In fact, soil is a very active 

living system in which billions of microbes, fungi, plant roots, and 

animals interact to create an environment that supports nearly all 

of the terrestrial life on earth.  It is the organic fraction of soil that 

opens pores – even in clay – that allows water to infiltrate and be 

stored.  This organic fraction also absorbs and holds nutrients to 

support plant growth while filtering pollutants from water that 

seeps into the ground.  

2. Just as soil is an active living system, it is also very chemically active.  

Soils, including organic matter, hold chemicals that are essential for 

plant growth. Soil can also filter chemical pollutants.  The more clay 

and/or organic matter there is in a soil, the more chemically active it 

is.

3. Soils form in layers, or horizons.  In the Omaha region, because our 

soils formed in deep – often more than 30 to 40 feet deep – loess, 

the horizontal layers are sometimes difficult to see.  Loess is very high 

in silt.  Over time, the silt broke down into smaller clay particles, which 

moved deeper into the soil profile.  The deeper subsoil is often very 

low in organic matter, often high in clay, so it is difficult to work with.  

Unfortunately, this is the layer of soil that is often left after the land is 

developed.  

O: Typically found in undisturbed native soils

A: Usually found in minimally-disturbed, or older soils in Omaha, 2 to 12+ inches

B: Ranges from a few to several feet thick in Omaha.  Usually higher in clay content, 
lower organic matter, and usually mistaken for “topsoil” in urban areas

C: The C horizon is often deep in the soil profile, but is often exposed by development 
and excavation.  May be high in clay and rocky material, low in organic matter

Soil Profile
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4. Layers of soil with differing textures can and often will restrict water 

movement into and through the soil.  Pore size or diameter determines 

water movement.  The smaller the pore diameter, the slower the 

movement of water.  A common mistake made in landscaping is to cover 

sandy, more porous soils with tighter, more clayey soils.  Water will move 

into the clayey soil slowly and not drain into the lower sandier soil.  As 

a result, the sandier subsoil gets little to no water and is very dry, and 

the more clayey upper soil has a limited amount of water to support 

plants.  Often, plants in these areas suffer drought stress very quickly 

and often die.  [NOTE TO DESIGNERS:  DON’T PLACE A “PLANTING 
SOIL MIX” OVER SANDIER SUBSOILS IN THE BIORETENTION 
GARDENS].

5. In managing soil, structure is more important than texture.  Soil 

structure is the condition of the soil, whether it is friable (easily broken, 

usually with large pores), platy (soil particles lay flat and stack on top of 

each other forming a barrier), blocky (soil “crumbs” that have angular 

edges), or massive (little to no structure, often becoming very hard when 

dry).  Soil structure will often dictate more about how water moves into 

and through it than soil texture will.  

6. Tight, clayey soils are not made more porous or friable by adding 

sand.  Instead, this essentially creates adobe.  Clayey soils can be made 

more porous by mixing in organic matter – typically compost or peat 

moss – and allowing the mixed soil and organic matter to grow together 

to form what are known as “peds,” the friable, soft structures in a rich, 

organic soil.

Soil management is critical to the success of your bioretention garden.  By 

understanding the soil conditions and how you use it in your bioretention 

garden, your garden will be both functional and attractive.

Plants
Plants are the heart and soul of the bioretention garden. They play a significant 

role in garden function while enhancing the beauty and environmental value 

of the garden system.  Therefore, properly selecting, planting and maintaining 

plants in the bioretention garden is critical.  Plants that are best suited for these 

gardens are typically native deep-rooted perennials that are well adapted to 

Omaha’s climate.  They are tolerant of wet soil and/or periods of heavy rain 

followed by extended periods of drought, and provide a high and extended 

period of visual interest.  Detailed information on the selection and care of 

plants is described in Chapters 5, 6, and 8.

Soil Structure

Blocky

Platy

Massive

Friable or Granular
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Soil structure will affect how water drains into 
it, and how roots will grow through it.
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Depending on the location and 
visibility of the bioretention 
garden, plants can easily make 
or break garden acceptance.  
Plant choices can lead to a 
garden being seen as a  weed 
patch or they can provide an 
attractive amenity.

Plant Power

The Landscape Environment

Root Profiles

Te
d 

Ha
rt

si
g

ht
tp

://
w

w
w

.m
ar

c.
or

g/
en

vi
ro

nm
en

t/W
at

er
/im

ag
es

/ro
ot

s_
di

ag
ra

m
.g

if 
   

Below are some important facts 
about native plants:

• Deep roots help the plant survive in drought and other difficult 

growing conditions, while creating additional pore space over time in 

the soil.  Native plant roots can extend 15 or more feet into the soil. 

• Old dying roots are replaced with new roots over time.  This ongoing 

transition continually reinvigorates the root system while creating 

additional soil pore space for increased water infiltration and storage.

• Plants native to the area are adaptable to local climate extremes in 

temperature, moisture and sun exposure.

• They can provide habitat value, including food and cover for insects, 

birds and other wildlife. 

• Once established, native plants use water efficiently and need very 

little fertilizer or other chemicals.

• They are not considered invasive, although this can vary dramatically for 

native plants that are used beyond their normal range of growth.  For 

Native Plants are not only 
preferred for bioretention 
gardens, they are essential for 
their success. Native plants 
have roots that extend deep into 
the soil (up to 15 or more feet). 
These roots open up the soil 
pores, improve soil structure 
and quality, and enhance water 
infiltration.
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example, well-behaved plants on a dry site may become invasive when moved 

to a site with significantly more moisture.

• They help define our region and ecosystem. “Nebraska-style” landscapes, as 

defined by the University of Nebraska and the Nebraska Statewide Arboretum, 

can celebrate the diversity of prairie and river corridor vegetation and landform.

In contrast, limitations to the use of 
native plants also exist:

• Native plants can lack marketability when compared to more traditional 

landscape plants stocked at local nurseries and garden centers.  Limited root/

plant growth in pots, together with relatively short bloom periods, can limit 

visual appeal. Native plants tend to focus much of their newly planted energy 

on root growth and establishment for long-term success.  This tends to limit 

flowering periods and immediate visual impact 

• Native plants can appear weedy, especially if relatively tall species are planted 

in areas where they are out of scale with surrounding plants, or where plants 

lodge (flop over) onto adjacent plants or bed areas. 

• The often more informal “fuzzy” character of native plants, when compared to 

more traditional, trimmed/sheared landscaping, can generate a significant visual 

contrast that people may not enjoy.

• Soils in developed landscapes are typically compacted, and often lack the 

organic matter of native soils. Although often very adaptable, native plants 

placed in “non-native” soils can experience limited planting success without 

intensive management.  

As you can see, consideration and careful management of all three factors – water, 

soil and plants – are essential for the successful design of a bioretention garden.
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Designing Your Bioretention Garden

3

You already know why bioretention gardens are so important, and you 
have an understanding of the basic factors that influence site conditions. 
Now, it’s time to address design and construction.  Because bioretention gardens 

are typically part of commercial developments or larger public properties, planning 

and design of the bioretention gardens should begin as early in the development 

process as possible.  Site features, drainage, and available space must be known 

before design of the bioretention garden can begin.

The following pages describe the bioretention garden design process.  Once site 

characteristics have been well documented and suitable locations for a garden 

have been determined, the actual design of the garden can begin. As you begin 

the design of a bioretention garden, it is important to first consider two key design 

concepts: sustainable design, and garden form and character.

Sustainability
Quality sustainable landscape design 

enhances the look and functionality of 

the landscape, maximizing environmental 

benefits and quality, minimizing resource 

inputs and maintenance requirements, 

and generating long-term cost savings. 

Sustainable design is more than a design 

process or successfully met objectives.  It 

is a philosophy that assures a completed 

landscape that will stand the test of 

time, mature gracefully, and require less 

maintenance.
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Garden Form and Character 
Traditionally accepted landscape character tends to focus on a neat, manicured 

appearance, but it also requires significant water, fertilizer, chemical and 

maintenance inputs. On the other hand, bioretention gardens often exhibit 

the informal “fuzzy” character of native plants and their arrangement in mass 

plantings. Gardens can be designed with formal straight edge and planting 

patterns, and kept neatly trimmed, deadheaded, etc., but this treatment 

generally minimizes some of the benefits for which gardens are installed. When 

“fuzzy” is placed next to or within “neat,” it can lose its visual appeal. 

Consider the following two strategies to 
encourage acceptance of the “fuzzy” garden 
with the “neat” landscape: 

1. Educate property owners and garden observers to the full range of garden 

benefits to help them develop a deeper appreciation and acceptance. 

2. Thoughtfully integrate the two styles to tone down the contrasts.  Rework 

an adjoining formal landscape by repeating some of the garden plants and 

groupings in appropriate areas or key locations to help unify the overall 

landscape aesthetic and increase sustainability throughout the entire 

landscape.  This is not to say that designing a formal bioretention garden 

can’t be done, but adding a garden to an existing landscape can create its 

own challenges.

The Design Process
Follow these basic steps to successfully design a 
bioretention garden:

1.Find the right location.

2.Size the garden to capture at least the first half-inch of stormwater runoff.

3.Direct water into and out of the bioretention garden.

4.Determine the shape and appearance of the garden. 

5.Select the plants and decide on their placement.
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This diagram shows the various elements in the 
design of a bioretention garden:

Here is a more detailed description of the steps 
involved in designing a bioretention garden:

1. Locating the Bioretention Garden
“Location, location, location.”  Just like real estate, the 

location of bioretention gardens is very important to 

its success.  As presented earlier, bioretention gardens 

require the presence of three essential elements: water, 

soil, and plants.  Plants can be mobilized to the site 

and, as will be explained later, soil can be amended 

and drained to function properly.  This leaves water 

drainage as the primary factor for determining good 

locations for bioretention gardens.

However, determining where stormwater runoff will go and how it will 

get there is not as simple as it may seem.  Intuitively, water will drain to a 

point from all surrounding ground of higher elevation.  Identifying these 

drainage areas using existing topography is the first step to understanding 

Designing Your Bioretention Garden

Components of a Bioretention Garden

Ponding Area
Forebay

Infiltration Cell

Sub-drain pipe

18” - 24”
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how stormwater will travel.  It is important to realize that 
drainage may come from adjoining properties and not just 
from your area of interest.  If grading is proposed on or near the 

site, it is also necessary to consider how this may change existing 

drainage patterns. 

Bioretention gardens can be sized for a wide range of drainage 

areas.  However, there are both benefits and limitations that should 

be considered when selecting a location.  Small drainage areas only 

treat a limited quantity of stormwater and can add expense when 

they don’t take advantage of economies of scale.  It is generally 

accepted that keeping drainage areas small and incorporating 

multiple bioretention gardens will provide greater flexibility and 

versatility in choosing potential locations.  Large drainage areas require 

large bioretention gardens that are usually difficult to squeeze into a site.  

It is important to realize that drainage area and available space will most 

likely dictate bioretention garden size and placement.  

2. Sizing Bioretention Gardens:  
  How Much Space and How Deep?

Sizing bioretention gardens properly to capture and treat the water quality 

control volume (WQCV) is critical to improving water quality.  The Omaha 

Regional Stormwater Design Manual defines the WQCV as a minimum 

one-half inch of runoff from all areas contributing to the bioretention 

garden, no matter what the actual rainfall is or what the runoff coefficient 

is for a particular land use.  To determine the volume of runoff flowing 

to the bioretention garden, review the area that is draining to your 

potential location and calculate the area in square feet.  Make sure you 

have accounted for any connected drainage pipes, culverts, and roof 

downspouts, adding those areas that they drain also.  This will ensure that 

the size needed for your bioretention garden is accurate.

The City of Omaha also requires that post-construction stormwater 

management plans for new development or significant redevelopment 

accomplish a “no-net increase” in the peak discharge rates during a 

two-year, 24-hour storm event.  Bioretention gardens can help attain this 

requirement by providing incremental amounts of storage, but should not 

be individually sized to handle all of the additional volume between the 

existing and proposed two-year peak outflows.  Steps toward maintaining 

the two-year discharge are discussed in more detail in the section on 

outlets.

3

The first 0.5 inch of runoff will 
generate:

- 1,815 cubic feet of water 
for one acre of area

- 42 cubic feet of water for 
every 1,000 square feet of 
area

- 4.2 cubic feet of water for 
every 100 square feet of 
area

The Math
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Once you have identified the location of your bioretention 
garden, including the size of your drainage area and its low 
point, the next step is to determine how big and how deep it 
will need to be.  In accordance with the City of Omaha’s minimum 

criteria, square footage needed for your bioretention garden is 

directly related to its drainage area.  This calculation determines 

the minimum volume needed based on the first one-half inch 

of stormwater runoff.  The drainage area in square feet is simply 

divided by 24 to determine the volume needed to be treated in 

cubic feet.  The following factors can be used to approximate the 

WQCV. 

To determine the bioretention garden size after the storage volume 

has been calculated, assume an average water depth of one foot.  This 

means that the WQCV in cubic feet will be the same as the area needed 

in square feet.  You can now determine if this size will fit in your potential 

location.  If your area is large enough, you may be able to treat more 

stormwater than the minimum first one-half inch of runoff.  If the area 

of your potential location is too small, the storage depth and drainage 

of the garden should be examined before finding more space for your 

bioretention garden.

Sizing and Designing the Infiltration Cell
The infiltration cell is where the water drains and enters the sub 

drain system.  As it is a critical part of the bioretention garden, the 

infiltration cell should be sized to allow percolation of the full volume 

of the bioretention garden within 24 to 48 hours, depending on the 

requirements of the project owner.  Most bioretention gardens are 

designed to drain within 24 hours. 

Infiltration Cell
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Sizing and design of the infiltration cell is critical to success of the bioretention garden.
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An amended soil mix is used in the infiltration cell to facilitate drainage 

into and through the bioretention garden.  Several amended soil mixes 

have been used throughout the country, but it is becoming more accepted 

to use a 50 percent fine sand and 50 percent compost or sphagnum peat 

mix.  This mix will not clog with clay and silt, and it will retain sufficient 

water and nutrients to support plant growth.

The 50/50 fine sand and compost amended soil mix will typically have 

an infiltration rate of at least three inches per hour.  Using this rate for 

calculations, you can figure that six cubic feet of water will infiltrate 

through the amended soil mix for every square foot of infiltration cell area 

in a 24-hour period.  Therefore, the size of the infiltration cell can occupy 

an area approximately equal to one-sixth of the detention volume of the 

bioretention garden.  For example, if your garden’s detention volume is 

1,800 cubic feet of water, the infiltration cell will cover approximately 300 

square feet of the bottom of the garden.

It is not necessary for the infiltration cell to be deep.  A recommended 

depth is 18 to 24 inches.  This allows the roots of plants in the infiltration 

cell to grow into the native soil below, thus facilitating deeper infiltration 

of water.

With time, the infiltration rate of the cell may decrease.  The infiltration 

capacity of the surrounding native soils will increase, however, maintaining 

the infiltration and filtering function of the bioretention garden.

The infiltration cell will also contain a series of sub-drain pipes.  The sub-

drain system must be constructed with care to assure proper drainage of 

water, and the pipes must have sufficient size and spacing to drain the 

garden as planned.  Design of the sub-drain system includes:
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Bioretention gardens are distinguished from rain gardens by 
their size and because bioretention gardens use amended soils 
to facilitate more rapid infiltration of water.  The nature of native 
landscapes and stormwater management is that the deep, thick 
roots open macropores, providing rapid infiltration of water into 
the soil.  This takes time, however.  Amended soils, typically 
dominated by sand and organic matter, readily facilitate 
infiltration of water into the bioretention garden, allowing it to 
achieve its function soon after it’s constructed.

Native soils remain an important part of the bioretention 
garden, and are expected to both support the garden’s plant life 
and promote infiltration of detained stormwater into the soil.   It 
is important that the native soil in the bioretention garden be of 
sufficient quality to achieve these functions.  Sufficient quality 
means:

•	Topsoil	should	include	approximately	three	to	10	percent	
organic matter, friable structure that is easily broken, and 
be at least two or more inches deep.

•	The	subsoil	layers	are	not	compacted	and	have	generally	
good structure that is broken with little effort.  The subsoil 
below the topsoil layer should also have a reasonable 
amount of organic matter.

•	The	soil	should	be	deep	–	at	least	three	feet	or	more	to	
rocky or slowly permeable layers.  This condition is not 
difficult to find in the Omaha area.

It is also important to recognize the value of soil organic 
matter, which provides the fuel for supporting soil microbial 
populations that, in turn, are critical to the health and vigor of 
plants.  Soil microbes – particularly fungi – help transport water 
and nutrients to plant roots to help them grow into stronger, 
healthier plants.  Without sufficient organic matter, plants will 
suffer and take much longer to become established and healthy.  
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Amended Soils and Native Soils
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• The drainage pipes should also be sized with perforations or slots to allow 

water to flow into them from the surrounding soil.  

• Placement of the sub-drain pipes should be perpendicular along the 

length of the infiltration cell, with one pipe for each six to eight feet of 

width.  

• The pipes should be jacketed in a rock filter approximately three inches 

thick on all sides, and wrapped with a permeable geotextile material.   

• The drainage pipes should be slope out of the infiltration cell at a one 

percent grade to drain water from the bioretention garden.

• The drainage system should also have at least one vertical riser to serve as 

a cleanout port.

• A flow control valve can be placed at the discharge end of the drain pipe 

to control the rate of water draining from the garden.

Additional sizing considerations 
• In determining the size – both in area and in depth – of the bioretention 

garden, additional storage can be considered in the pore space of the 

amended soils.  Knowing the volume of amended soil to be placed 

beneath the garden, multiply it by 0.4, and then subtract it from the total 

volume of stormwater captured in the bioretention garden.  This may help 

in sizing the garden in some tight locations.

• Bioretention gardens with well-designed under drain systems will be able 

to handle larger volumes of stormwater runoff over shorter periods of 

time.  Because of this, the bioretention garden can be deeper and take 

up less space.  Maximum ponded water depths in a bioretention garden 

should be based on what plants will tolerate, but in general should not 

exceed an average depth of two feet.  

Adjustments to amended soil volume and depth provide great flexibility 

in sizing bioretention gardens to fit your potential location.  A worksheet 

to walk you through the calculation process for sizing your bioretention 

garden is provided on the following page.

3. Directing water in and out of your garden  
All bioretention gardens must have a designated inlet and outlet. This 

fundamental design consideration addresses how water will enter and 

leave your garden as well as how larger rainfalls will safely enter and exit.

With or without pretreatment 
practices, it is important to 
plan ahead for trash, debris, 
and suspended solids that 
may be carried into your 
garden.  Trash separators 
and silt traps are simple 
solutions, which will often 
help reduce operation and 
maintenance.   

Make a Plan

3
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Main Worksheet
Bioretention Sizing Procedure Form

Designer: Checked By: Company:

Date: Project: Location:

Water Quality Volume
Step 1 - Tributary area to bioretention area AT(ac)

Step 2 - Calculate WQv using methodology as described in this section
(AT * 43,560 sq ft/ac * .5 inches * 1 ft/12 in = WQv(cu ft))

Infiltration Cell and Ponding Area
Step 1 - Infiltration cell amended soil depth, df(ft)

df should be between 1.5 feet and 2.5 feet

Step 2 - Coefficient of permeability for infiltration cell, k(ft/day)
k should be at least 1 feet/day

Note: Using the prescribed amended soil mix, assume k = 6 ft/d

Step 3 - Average ponding depth, havg(ft)
hmax should be between .25 feet and 1.0 feet

Step 4 - Time required for WQv to filter through the 
infiltration cell, tf(days)

tf of 1 to 2 days is recommended

Step 5 - required infiltration cell surface area, Af(ft2)
Af=WQv / k*tf

Step 6 - Approximate infiltration cell length, Lf(ft), 
assuming a length to width ratio of 2:1

(SqRt(Af)*1.5 = Lf)

Step 7 - Approximate infiltration cell width, Wf(ft), 
assuming a length to width ratio of 2:1

(SqRt(Af)*0.6667 = Wf)

Step 8 - Infiltration cell (and amended soil mix) volume (Vf)

Step 9 - Required Ponding Area, Ap (sf)
Ap=WQv / havgt

Note: Infiltration cell does not necessarily need to have W/L 2:1 ratio

AT(ac) =

WQv (cu-ft) =

df (ft) =

k (ft/day) =

havg (ft) = 

tf (days) = 

Af (ft2) = 

Lf (ft) = 

Wf (ft) = 

Vf (cft) = 

Ap (ft2) = 
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Make sure that all the drainage areas that you design for will make it into 

your bioretention garden.  This may require minor grading or sometimes 

even underground pipes.   Pretreatment practices, including grassed 

buffers, swales, or even lawns, help disconnect impervious surfaces and 

are typically preferred over pipe inlets.  Use caution in assuming drainage 

patterns where slopes are minimal. In the photo to the left, minimal runoff 

is reaching a newly installed garden because the parking lot slope does not 

direct as much water toward and into the curb gutter as intended.   

Inlets:  Design inlets into the bioretention garden to remove 

silt and other suspended solids.  Inlets that include forebays allow 

silt and sediment to settle out, easing future maintenance.  Some 

examples of forebays include shallow graded turf or grass basins, 

baffles, and shallow concrete catchments.  Forebays will also slow 

the velocity of water, protecting the bioretention garden from 

damaging erosion. 

Outlets:  It is important that the design for your bioretention 

garden provides an avenue for excess water to escape.  The main 

goal of a bioretention garden is to allow stormwater runoff to 

naturally percolate into the ground, or to slowly drain through a 

subsurface pipe system.  The size of the drainpipe should be based 

on the average flow rate needed, less natural infiltration, to draw 

down the bioretention garden in the recommended 24 to 48 

hours.  In almost all cases, the permeability of the infiltration cell 

will be the limiting factor and four-inch drain tile will be sufficient. 

Bioretention gardens must be designed to safely pass the 10-year, 

24-hour storm event that will exceed the capacity of the garden.  

Overflow channels, such as soft weirs or overflow outlet pipes 

will direct overflow water to a preferred flow path that will deter 

erosion, flooding, or other problems that may occur from too 

much runoff.  Excess stormwater runoff can also be diverted away 

from the bioretention garden through selective grading, smaller 

curb cuts, or smaller inlet pipes.  In each of these examples, the 

bioretention garden will fill and then force excess stormwater 

runoff to bypass or be discharged into a storm sewer inlet. 

Efforts to limit the amount of flow out of the bioretention garden during 

the two-year, 24-hour storm event may serve as a guideline for sizing your 

outlet structure.  Simple calculations, using the Rational Method discussed 
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in Chapter 2 of the Omaha Regional Stormwater Design Manual, can 

be performed to determine the existing peak flow from your garden’s 

drainage area.  Having determined this target flow, the area available for 

water to exit the garden may be selected to match this flow rate.  For 

example, if your existing two-year peak discharge is 1.5 cubic-foot-per-

second (cfs), you might select a pipe outlet that is six inches in diameter 

(assuming an average velocity in the pipe of eight feet per second) based 

on the equation:

Q=vA, where v is the average velocity (ft/sec) 
and A is the cross sectional area (ft2)

Non-pipe or more complicated outlets can use Manning’s Equation and 

the procedures found in Chapter 5 of the Omaha Regional Stormwater 

Design Manual to estimate velocity.

Under no conditions should your bioretention garden be subjected 

to detained water greater than what the selected plants can handle.  

Remember, a post-construction stormwater plan is usually comprised of 

several components all working together to treat the water quality volume 

and maintain the two-year peak flow.  Individual bioretention gardens can 

be easily modeled to determine their effect on the two-year peak flow, but 

they should also be considered part of a system.

In design of inlets and outlets, the potential for induced erosion due 

to water velocities over three feet per second is an important design 

consideration.  Selected vegetation, inlet/outlet slope, and size must be 

designed in accordance with the open-channel design guidance found in 

Chapter 5 of the Omaha Regional Stormwater Design Manual.  All other 

outlet types, such as concrete or sheet pile, must be adequately designed 

to protect the garden and receiving drainage ways, or 

streams, from erosion.

4. Garden Shape
The shape of the bioretention  garden is dictated by its 

location and the eye of the designer and property owner. 

Shapes with curving edges look more natural and are 

generally more popular than shapes with straight edges and 

square or angled corners. Garden edges adjacent to curb lines 

or paved surfaces will likely need to be straight.  Curves also 
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better fit with the flow of bed lines and plant groupings found in 

many commercial, public and residential landscapes. 

On the slopes, keep the ratio of length to width at least 2:1, with 

the longer length dimension running perpendicular to the water 

entering the garden.  This orientation maximizes the amount of 

water the garden can hold. In addition, a proportioned garden 

is typically easier to level than a long narrow garden, especially 

on a sloped site. As a rule-of-thumb, the garden width should 

not exceed 15 feet in landscapes with a slope of eight percent 

or greater.  Otherwise, the bioretention garden will become too 

deep. If more width is needed on a steep slope, a series of stepped 

gardens can be designed to fit the slope while keeping the garden 

width at the proper proportion to required garden depth. 

Regardless of garden shape or size, the landscape context should 

be considered. Extending plantings onto berms and beyond the 

physical limits of runoff infiltration requires additional resources, 

but will visually tie the garden into the surrounding landscape as 

well as reduce maintenance of leftover landscape areas. 

5. Garden Planting Design: The Right 
Plant in the Right Place
The Lady Bird Johnson Wildflower Center defines a native plant 

species as one “that lives or grows naturally in a particular region 

without direct or indirect human intervention.” (Lady Bird Johnson 

Wildflower Center, 2009). Although most plants considered native 

to a particular location or habitat have been around for centuries, 

plants vary over time in their natural range due to changes in 

climate, land use and other factors. Additionally, plants native to a 

location or setting do not necessarily grow in all areas within the 

defined location.  They adapt and adjust to the conditions best 

suited for their long-term survival. 

What is most important to remember about native plants is their value 

to garden function and beauty.  These include deep rooting, climate and 

water adaptability, habitat value, lack of invasiveness, local sense of place, 

and overall enhancement of soil infiltration over time. Many adapted 

non-native plants also provide these functions, although the ultimate 

combined value of adapted plants is typically not as high and not as well 

documented as natives.  

3
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Keeping It All Together

No doubt about it, many people like a neat and tidy landscape look. Research in natural settings has 
shown that preferred landscapes are most often those that make sense to the viewer and appear to 
have structure (Kaplan, R. et. al., 1998 ). This may explain why landscapes that use native plants are 
sometimes less preferred, especially if the plants are randomly mixed and placed in an otherwise 
manicured landscape.  Helping viewers to look beyond the “fuzziness” of a native landscape to its 
diversity, habitat value and subtle beauty is important in successful garden acceptance. Helpful 
strategies may include:

•	 Grouping	similar	kinds	of	plants,	using	fewer	varieties	overall,	and	repeating	masses	that	help	
unify the landscape character.

•	 Using	more	flowers	when	practical,	ensuring	that	bloom	times	will	be	as	long	and	sequential	as	
possible to minimize aesthetic down time.

•	 Mixing	grasses,	sedges	and	flowers	in	patterns,	making	sure	that	garden	edges	are	visually	well	
defined for a stronger structure and simpler maintenance.

•	 Spreading	out	plants	so	the	mulch	layer	is	more	visible	as	a	unifying	ground	texture.		This	helps	
to avoid an over-planted look. 

•	 Keeping	plant	heights	scaled	proportionally	to	the	size	of	the	garden	and	the	height	of	the	
garden surroundings. Also using a low groundcover plant consistently around the garden edge 
to unify the character even when using a wide variety of other species.  
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Plant Selection and Placement: Garden sites will 

naturally vary in soil and environmental conditions, so each site deserves 

specific detailed consideration for plant selection and function. Specific 

factors that should be considered for selecting individual plants include: 

• Preferences and tolerances for soil moisture, sun/shade, soil texture and 

soil chemicals.

• Aesthetic characteristics, including length of bloom time, texture, fruit/

seeds, and ability to provide multi-seasonal interest.

• Habitat value. 

• Physical/aesthetic fit in the garden, especially as related to height. 

• Overall adaptability.

Once plants are selected, aesthetic 
considerations for placement and 
arrangement of plants include:
• Massing.

• Garden composition.

• Plant heights.

• Repetition.

• Accent and focus. 

• Plant types. 

This manual presents a wide variety of plants that have proven to be 

reliable choices for planting in gardens throughout the region.  The 

tables and plant summaries found in the appendix provide specific 

information for each plant, helping you choose plants that best correlate 

to garden exposure and moisture conditions.  Using this information and 

communicating with the property owner will help in the success of the 

bioretention garden. Comfort with national plantings and maintenance 

expectations are important to address early in the plant selection.

Preferences and Tolerances 

Select plants for their preferred – or at least tolerated – conditions.  Since 

garden conditions can vary dramatically between locations, seasons and 

over time, plants that will adapt to change will perform best.  For example, 

selecting plants for rain/bioretention gardens solely on a preference for 

wet conditions will likely lead to poor plant health or even failure when 

gardens experience weeks of drought – not an uncommon occurrence in 

Omaha.  

Limiting the number of plant 
species in the bioretention 
garden relative to the size of 
the garden will highlight the 
selected species and provide 
more order to the garden 
structure.

Not too Many, Not too Few
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 Here are more factors to consider when planning successful, long-term 

garden plantings: 

• Soil moisture. Plant species that tolerate wet soil conditions and 

inundation for short periods of time should be placed in the bottom of 

the garden, while species that tolerate or prefer dry conditions should 

be placed on the berms and landscape that surround the garden. Plants 

that are best suited to average soil moisture conditions are best placed 

on garden sides.

• Sun/shade. More species require sun than shaded conditions, but 

some of the plants adapted to sun will also tolerate various degrees 

of shade. Among regionally native plants, full-sun plants are typically 

prairie species (six hours of direct sunlight each day), while shade-

tolerant plants have a woodland  origin.  Few species prefer full dense 

shade.  Most require at least a couple of hours of filtered or early or 

late-day sun for flowering and quality vegetation. Some prairie species, 

especially those that remain short and grow under the tall prairie 

grasses, will tolerate partial shade conditions. For most plants, morning 

sun is preferred to afternoon sun.  Shade in the afternoon can minimize 

heat or full-sun damage to plants that are not adapted to harsh, dry 

conditions. 

• Soil texture and structure. Soil texture – the percentages of clay, 

silt and sand – and structure will influence plant health and vigor.  Many 

species are adaptable to the average soil textures, such as silt loam, 

found in Omaha.  Many post-construction soils that have poor structure 

will be more of a problem for plants than texture tolerance, since all 

plants will struggle in soils devoid of pore spaces. 

• Chemicals and salt. Many gardens are used to filter runoff from 

paved surfaces. Salt, oil, grease, pesticides and fertilizers can all be 

washed into gardens. In such cases, plants that are salt tolerant should 

be used. (The plant information tables in Chapter 8  identify plants with 

moderate to high salt tolerance). 

Aesthetic Characteristics  
The most common selection criterion for bioretention plants tends to 

be flowers – how big, what color, and how they smell.  Although these 

factors are very important for overall garden visual appeal, there are 

a variety of other characteristics to consider in the selection process, 

including:
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• Foliage texture and color.  Flowers can be striking, but tend to last 

a relatively short time. Foliage texture (coarse-large leaves vs. fine-small 

leaves) tends to be an underappreciated component of plant selection. 

Contrasts between textures provide beauty and interest in a garden.  

Colored foliage may last the entire growing season.  It should be used 

to accent garden areas or focus views. Fall color changes, although 

more limited in time, are a heralded component of the fall season. Many 

perennials and grasses (geranium and little bluestem, for example) exhibit 

dramatic fall color changes that rival many woody plants. 

• Form.  Selecting plants for specific forms or shapes can have a dramatic 

affect on garden character.  Form varies from upright (feather reedgrass 

and gayfeather) to vase-shaped or arching (butterfly bush) to flat and 

layered (low sedges and wild petunia).

• Longevity.  When possible, select plants that have long-lasting visual 

appeal.  Some plants have relatively long flowering periods (daylily) 

or follow flowering with highly ornamental fruit (dwarf false indigo). 

Attractive fruit or seeds/seed heads that persist all winter (many grasses, 

asters, goldenrods and sedums) extend garden beauty through the entire 

winter while providing habitat value. Also, consider plants that hold their 

foliage well, with no early loss to diseases or environmental stresses, and 
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Foliage texture, as well as the appearance of stems, seed heads and flowers, is important to the look of the garden.
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retain their foliage along the full height of the plant, so they don’t appear 

leggy or weedy.  Plants with poor or lost foliage may be successfully mixed 

with other plants to hide bare stems as the growing season progresses.  

Habitat Value – as an added bonus, garden plants should provide 

habitat value for butterflies, birds, and insects that fill important roles in 

regional ecology. Native plants are particularly valuable in this role, but 

adapted plants can also be food sources or cover.  Hummingbirds (cardinal 

flower and blue lobelia), finches (coneflowers) and a wide variety of 

butterflies (gayfeather, asters, and milkweeds) are some of the key species 

that are attracted to a successful garden.   

Garden Fit – It is crucial to select plants that fit the physical and visual 

parameters of the garden.  One of the most important elements is plant 

height relative to your garden area. Plants that grow too tall for a garden 

will be out of scale in a small garden. Some flower species and many 
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As plants lose their flowers and leaves, other plants may compensate with seed heads and pods that keep the garden attractive. 

Native plants will attract butterflies and song birds to your area.
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grasses tend to flop over when mature or when grown in moisture-rich 

soil.  Plants that grow very wide and take up significant garden space are 

not appropriate for a small garden if the overall variety of plants proposed 

for the garden is significantly limited. 

For small and medium-sized gardens, limiting plants to three to four feet 

in height will minimize the potential weedy character associated with tall 

plants.  In larger gardens and in gardens that have a tall backdrop (in front 

of a tall retaining wall, for example), taller plants may be warranted.  In 

these situations, locate tall plants in the middle or back of the garden, 

and surrounded by medium-sized plants to visually integrate them into the 

garden as well as structurally support them so that flopping problems are 

reduced. 

Overall Adaptability – The most successful garden plants 

are those with the highest level of adaptability for all conditions. As 

discussed previously, all plants have specific conditions that they prefer. 

Adaptable plants also have a wide range of conditions that they will 

tolerate successfully while continuing to flower, fruit, and remain healthy. 

Adaptable plants overcome changes to garden conditions over time 

(increasing shade from growing trees, for example) and are forgiving of a 

design that places them in less than ideal conditions. 

 
Basic Design Principles: While proper plant selections are 

key, using solid design principles will ensure that the garden is beautiful for 

many years.
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Plants that flop when mature can appear to be weedy; consider lower plants along bed edges or tight masses of plants to
 minimize a weedy appearance.
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The design below summarizes many of the basic design principles, 

including plant massing, “lacing” plant masses together, repeated use of 

selected plants, tall plants behind or in between shorter plants, planting 

for context beyond the top of the berm, and locating plants to coincide 

with specific soil conditions. 

Plant Massing – Many garden plants look best if planted in masses or 

“drifts.”  Consider the following guidelines:

• Limit the number of species of plants used in the garden.  Plants that can 

be grouped effectively and over time will fill the garden. 

• A variety of plants placed in masses will provide more interest through 

contrasting textures, bloom colors and times, and rhythm through varying 

heights and widths of masses. 

• When massing plants, always consider the mature size of the plant and 

space them appropriately. 

• Plants that tend to root sucker or reseed naturally may be initially planted 

at a longer between-plant spacing since it will quickly fill the spaces to 

develop a massed character.  

Ornamental Trees

Tall Shrub

Bottom of Garden

Top of Garden

Small Shrubs

Turf

Bottom Edge

Top of Berm

Edge of 
Landscapes 
Area

Side of Garden

Small Shrubs

Building

One-Sided View
Short - Tall Plants

Two-Sided View
Short - Tall - Short Plants

*Bubbles indicate perennial flowers, grasses, etc. Similar color denotes repeated plant masses. 
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Tall Shrubs
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Garden Composition – Garden composition should 

highlight the aesthetic qualities of individual and grouped plants, 

and should strengthen the overall design theme. Plants which 

have unique forms (weeping or strongly irregular, for example) 

are best planted individually so the form can be appreciated. 

Plants with an upright or rounded form can be grouped 

effectively.  In some cases, the plant groupings exhibit textures 

and shapes far more interesting than if plants are installed as 

individuals. 

Formal designs are strengthened by masses with relatively 

straight and/or strictly proportioned shapes and masses that are 

butted together.  Informal designs are reinforced with masses 

that are laced together.  Additionally, informal and naturalistic 

plantings are strengthened when plant masses are varied in their 

width and contain curves along their length.

Plant Heights – When determining plant heights, the 

major viewpoints of the garden should be taken into account.  

• A garden that is viewed from all directions will look and function 

best with the tall plants in the middle and shorter plants towards 

the edges. The tallest plants may be placed in the center of the 

garden for a more symmetrical look, or if the garden is large 

enough, they may be placed in multiple locations to create a 

vertical rhythm of varying heights in the garden center. 

• Gardens that are viewed from one side only should place a 

majority of the taller plants towards the rear of the garden.  

Taller plants may be placed closer to the garden middle to 

create additional interest. A range of medium to short plants 

may then be used to fill in the middle and front of the garden.  

Occasionally placing a taller plant in front of shorter plants can 

create interest without blocking garden views.  

Repetition – If only one principle in this list is followed, it 

should be repetition.  Repeating plants as individuals or masses, 

or repeating specific visual plant characteristics within a garden is St
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a simple principle, but it helps to: 1) visually unify the garden, 2) heighten 

the accent potential for unique plants with less competition between 

variable colors, textures, etc., and 3) lower maintenance variability. For 

example, the texture and seasonal color of little bluestem tends to be 

subtle but can be woven throughout a garden. Or, several different 

species of gayfeather or iris might be used to vary flower colors and 

seasonal bloom, while unifying the garden with a consistent upright form 

or fine leaf texture.   

Accent and Focus – Every garden should combine 

plants that provide structure, color and interest. But not 

every plant needs to serve every role, and there should be a 

sense of accent or focus in specific garden areas. Addressing 

this principle will enhance the sense of garden unity while 

attracting viewer attention where it is intended. Although 

gardens that contain a majority of flowers are typically 

admired for their dramatic color and variety, a garden that 

combines one of everything may not appear coherent, and 

can seem too complex. 

Structure is also important to creating an accent or focus, 

and can include evergreen plants (junipers in full sun, yews 

in shade) or plants such as tall sedums and many grasses that 

can maintain a garden presence through the winter months. 

Plant Types – Small to medium-sized gardens should generally be 

planted with perennials and grasses. Shrubs can take up a large space in 

a garden, significantly reducing garden plant variety. Woody shrubs have 

an important role in gardens that are large enough to incorporate them.  

They provide year-round structure, and many provide habitat value and 

multi-season ornamental interest. 

New trees are typically not recommended for bioretention gardens. Their 

root systems are less conducive to developing additional soil infiltration 

capability, and they can dramatically change the environmental conditions 

for which a garden was originally designed. Plus, trees often overwhelm 

the scale of a garden, especially when the garden is not large or lies in a 

relatively small landscape space.
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Creating the Foundation of Your Bioretention Garden

4

You’ve studied it, you’ve talked it through, and the garden is designed.  
Now it’s time to build it.  As a developer, builder, or nurseryman, moving soil 

and creating spaces is nothing new.  Some of the nuances for building bioretention 

gardens may be new to you, however, and this section will address how to 

successfully build the bioretention garden.

Building the Structure of the Bioretention  Garden
In site development and construction, our tendency is to build “up,” even in 

landscapes where gardens are created.  Stormwater infrastructure is always built 

“down” however, and that is the direction we will take in the first steps of building 

a bioretention garden.  As you start construction of the garden, take care to 

include the following steps:

• Make sure the bioretention garden area is staked for excavation.  Staking 

should include the garden perimeter, grade changes, and locations of 

subsurface drains, as well as the locations of underground utilities.  Have a 

plan for placement and/or disposal of excavated soils and other debris.

• Have the right equipment on site.  Often, a bioretention garden covers 

a reasonably large area, but excavations will not necessarily be deep.  If 

possible, use light excavation equipment that is easy to maneuver in tight 

places and that doesn’t exert too much force or weight onto the soil during 

excavation.

• Protect existing vegetation that will not be removed for construction of the 

garden.  Be careful around the drip line and roots of trees.
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Step-by-step Guide
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Stake bioretention garden prior to excavation. During excavation, check depths, slopes, and avoid soil compaction.

When excavation and soil placement is complete, begin soil 
preparation for planting.

Use marking paint to define planting boundaries.

Erosion control and maintenance is essential during and after planting. First year maintenance assures aesthetic and functional performance.



47

As you proceed with excavation and creation of 
the bioretention garden, remember these tips:

• Start from the middle of the garden and work toward the perimeter.  

Minimize movement of equipment within the garden area as it will 

compact soils, especially if they are moist to wet.

• Use excavated soils for building and shaping berms, compacting soil to 

specified requirements. Be careful not to over-compact the soil material.  

Plant roots will need to grow into the berm. 

• Take care to follow the planned contours of the garden, smoothing rough 

edges to create as natural a depression as possible.  Don’t leave smeared 

or slick surfaces.  Use your equipment to break up and create a rough or 

broken surface.  If and where possible, break the soil to create a suitable 

seeding and rooting zone using either a power rake or rototiller.

• As the basic excavation and shape of the bioretention garden is completed, 

check the size, form, and depth with the plans developed for the garden, 

making sure all features are present, including depth of the garden area 

excavation, slopes, berms and overflow areas.

• Restake the garden area for placement and excavation of the infiltration 

cell and under drain system.

The basic shape of the bioretention garden has been formed and built, and now 

it’s time to build the under drain system. Here’s how:

The First Steps: Creating the Foundation of Your Bioretention Garden

Under Drain Placement

Perforated Pipe -
set at 1% slope 
minimum 

Rock filter-
wrapped in 
geotextile

Perforated Pipe -
set at 1% slope 
minimum 

Rock filter-
wrapped in 
geotextile

Vertical cleanout
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• Excavate the infiltration cell as shown on the site plans, being careful not 

to compact soils and to leave a rough soil surface similar to that which 

has been (or will be) prepared for the garden surface.  Just as with the 

rest of the bioretention garden, plant roots are expected to grow through 

the infiltration cell, deep into the ground.

• Excavate trenches for the under drain system, including trenches that 

will drain to the planned discharge point.  Make absolutely sure that all 

trenches are excavated with the correct slope (one percent minimum) to 

facilitate proper drainage of water away from the bioretention garden.  

Drain pipes should be jacketed with clean, one-inch rock and wrapped in 

permeable geotextile along the perforated sections only.  Do not line the 

pipe with rock outside of the infiltration cell.  Backfill trenches with soil 

as designed, making sure proper compaction is achieved to minimize soil 

sinking and that plant roots can grow into the soil.  This may be difficult 

with high clay soils.  The sub-drain system must include cleanout ports 

for future maintenance, and may include a flow control valve on the 

discharge end of the pipe as described in Chapter 3. 

• After the sub-drain pipes have been constructed, the infiltration cell is 

filled with the appropriate amended soil mix.  Placement of the amended 

soil mix should be done in six-inch lifts, compacting each layer as it 

is placed and using a rod or pole to remove any voids that may have 

formed. Repeat with layers of soil until the bioretention soil mix has been 

placed to grade.  

• To assure that the amended soil mix has settled properly, thoroughly 

water the cell and allow it to drain.  Typically, the added water will allow 

the soil to further settle and fill in voids.  As a result, subsidence of the 

infiltration cell will occur at this time and additional soil mix can be added 

to bring the cell to the bottom grade of the bioretention garden.

Preparing the Soil for Planting
A good planting and/or seedbed is essential for success of the bioretention 

garden plants.  All too often, soils in development sites have been stripped of 

their topsoil, leaving the very clayey, often dense and compacted subsoil.  Most 

plants won’t survive well in this environment. 

When the basic structure of the bioretention garden has been established – 

ideally without using heavy equipment and taking care to minimize compaction 
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Tips for Success

1. If possible, design all 
slopes in the  bioretention 
garden to be equal to or less 
than 3:1.  

2. Try to make the shape 
of the bioretention garden 
be as natural as possible.  
Contour the garden into the 
surrounding landscape.

3. Minimize the removal and/
or regrading of surrounding 
soils and landscape, 
retaining as much of the 
natural landscape and 
drainage as possible.

4.	Use	erosion	and	sediment	
control measures to keep 
sediment from moving into 
the amended soil mix and to 
keep soil from surrounding 
areas from moving into the 
unfinished bioretention 
garden.  If possible, the 
bioretention garden should 
be constructed after other 
major site work is completed 
to minimize sedimentation 
from potential runoff. 

5. Don’t block the inlet or 
outlet of the bioretention 
garden by inadvertently 
placing soil or other material 
in the drainage path.

6. Be certain that the 
subsurface drain pipes 
discharge to a well-drained 
area and away from 
buildings.

– and the infiltration cell has been constructed and filled with amended soil, 

the garden can be readied for planting.  Prepare the soil in the following 

manner:

• Evaluate the soil for planting condition.  The soil should have good 

organic matter content, and be penetrable with a stick or rod to a 

depth of about six inches, with slightly more pressure below six inches.

• If the soil is compacted at the surface and/or within six to nine inches of 

the soil surface, break the compaction using a rototiller or shovel.  Make 

sure that all of the soil within the garden bed is free of any compaction.

• If the soil is a very light brown or yellowish-brown color, it probably 

does not have enough organic matter.  Add thermophilically prepared 

(well digested) compost at a rate of three cubic yards of compost per 

1,000 square feet of garden area.  Mix the soil/compost material to a 

depth of approximately six inches with a rototiller and rake smooth.

• If you are using native plants, do not add fertilizer to the soil.  Native 

plants need very few nutrients, obtaining most of what they need from 

the decomposition of organic matter.  Adding fertilizer will promote 

weed growth.

Once the base of the bioretention garden is completed, proper placement 

and installation of plant material can take place.  Installing vegetation is 

discussed in the following section.
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Lessons Learned
Design and Construction

There are lessons to learn from every design and construction of a bioretention garden.  The 
design has evolved, particularly during the last two or three years.  Some items in design that 
should be noted:

1. Rocks, gravel and filter fabric should not be used to line the bottom of the cell, as this defeats 
the purpose of using native plants for promoting infiltration of water deep into the soil.  The 
roots of the native plants will have great difficulty or just won’t penetrate the gravel, limiting 
the ability of the garden to promote infiltration of water. 

2. Bioretention, by its defined structure, typically is filled with an amended soil mix.  We have 
found, in Omaha, Lincoln and Kansas City, that amended soil that contains topsoil or clay will 
generally limit infiltration at least during the first year, as the clay in the topsoil will generally 
plug the pores of the mix, retarding the infiltration of water through the media.  Rather, an 
amended soil mix with 50 percent fine sand and 50 percent compost or peat works very well.  
The sand/compost mix must be well mixed, preferably by a tumbler.

3. Placement of the amended soil mix into the infiltration cell must be completed in lifts that are 
individually compacted.  It’s important to properly compact the mix so it doesn’t settle out 
within a few days, leaving a sunken cavity in your bioretention garden.

4. The amended soil mix has an initial infiltration rate of 
approximately 3.0 to 3.5 inches per hour.  Because of this rapid 
infiltration rate, you can design infiltration cells to be smaller, 
resulting in a reduced cost of construction.  If we assume 
infiltration of 3.0 inches per hour (conservative), this would mean 
a column of water approximately 72 inches high will drain in a 24-
hour period.  For every square foot of amended soil surface area, 
six cubic feet of water will infiltrate.  Therefore, we can anticipate 
that the area of the infiltration cell can be 1/6 of the total above 
ground storage volume of the bioretention cell.
  
5. Past design guidance called for the amended soil depth to 
be three feet or more.  A depth of two feet is more appropriate, 
and even 18 inches should suffice.  This will allow plant roots 
to extend through the amended soil mix into the native soil and 
promote more vertical infiltration of stormwater into the ground.

Te
d 

Ha
rt

si
g

Th
er

es
e 

Po
gg

e



51

Notes:

The First Steps: Creating the Foundation of Your Bioretention Garden
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Planting the Bioretention Garden

5

No matter how good the design, no matter how well chosen the plants, 
garden failure can result from a lack of planning or attention given to 
proper plant selection, planting and initial establishment. By making 

appropriate choices and committing to correct techniques and procedures, healthy 

garden establishment can be assured. 

Choices in sizes and condition
Proper selection of plants includes appropriate species determination based upon 

site conditions, but it also includes choices of plant size and condition at time of 

planting.  Project budgets will often dictate a smaller initial plant size, but given 

establishment costs, maintenance commitments and anticipated visual impacts, 

least expensive isn’t always the best choice. 

Seeding
• Seeding can be a cost-effective method to establish large areas, and specific 

seed mixes are available. (Refer to the listing of seed sources in Chapter 8).  

• Seeding has some significant limitations, which should be carefully 

considered. These include: weeds that come from improper seed bed 

preparation or lack of pre-planting weed treatments, difficulty in 

differentiating emerging bioretention garden plants from weed seedlings, 

relatively slow establishment (native plants typically establish their root 

structure over one or two years before they expand foliage and flowers/fruit), 

relatively low initial visual impact, “weedy” character throughout growth 

stages, and highly mixed textures, heights, etc., that, when established, that 

can appear weedy to garden viewers.

If you are using seed, drilling is typically preferred to broadcasting in order to 

establish good seed-soil contact and minimize seed loss due to water or wind 

erosion.  In either case, purchase seed from a reliable source and use a high-quality 

pure live seed (PLS).  If broadcasting, prepare a firm seedbed with a friable surface, 
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and place or rake the seed evenly into the soil, not more than one-half inch 

deep.  Make sure there is good soil-seed contact by rolling or lightly compacting 

the soil.  Place approximately one inch of straw mulch, or erosion mat, over the 

surface to protect against erosion and excess drying. Use caution with straw as 

weed seeds in the straw can create a significant maintenance problem.

Sod
• Experiments are being conducted to assess the potential success of using 

sod established from bioretention garden plant mixes. This may be a cost-

effective intermediate step between less-expensive seeding and relatively 

expensive potted plant installation. Benefits include immediate soil 

coverage, reduced erosion, and immediate visual effect. Limitations include 

fewer plant choices, slower plant establishment when compared to potted 

plants, random fit of plants relative to growing conditions in the garden, 

and a generally informal plant pattern, which may appear weedy when 

compared to patterned plantings. 

Potted plants
• Plugs and pots come in a variety of sizes, from deep cell-plugs to more 

established gallon-sized potted plants. Deep cell-plugs are the least 

expensive option for live plants, and provide deeper rooting potential for 

seedling plants, especially those with naturally deeper root systems. This 

can significantly enhance early plant health and establishment.  

• Small plants are initially more cost effective. Small, healthy, well-rooted 

plants work well, depending on planting conditions, the relative growth 

rate and vigor of the plant, time of year, availability of supplemental 

irrigation, initial maintenance commitments – including weeding if 

necessary – and a low requirement for instant impact. 
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• If any of the conditions noted above are questionable, 

then larger plants should be considered.  Though the initial 

cost will be higher, the benefits of starting with larger 

plants will often balance out over time. 

• Selected plants should be vigorous, and neither poorly 

rooted nor root-bound. Root-bound plants may be 

acceptable if not overgrown in the pot. If root-bound, soil 

balls should be scored or broken along the edges of the 

root mass to encourage new rooting when planted. 

Plant Layout and Spacing
Plant layout and spacing should correspond to specific garden 

conditions as well as to the approximate widths of plants listed in the plant 

tables in the appendix.  As in all plant installations, designed plant locations 

will likely need to be adjusted to constructed site dimensions and conditions. 

Planting density can be tightened for more immediate effect; over planting, 

however, can compromise initial plant health and lead to increased disease 

potential. Density can also be lessened for more cost-effective planting, 

especially when using plants that naturally self-seed or spread through suckering 

roots. In either case, an accurately designed planting plan should form the basis 

for initial plant quantities and locations, acknowledging that nature will have an 

important role over time. 

Planting, Fertilizing, Initial Watering   
Whenever possible, avoid soil compaction when planting container plants. 

Methods to minimize compaction include:

• Working from garden edges.

• Keeping equipment/foot traffic on planks, plywood or other support. 

• Working on and planting into pre-laid mulch.  

Fertilizing native plants is not recommended since it will likely enhance more 

weed growth than native plant growth.  Inoculating the soil with commercial 

mycorrhizal inoculum is recommended by some plant experts, and may 

enhance initial plant establishment since the soils are healthy enough to support 

mycorrhizal growth.  When planting plugs, keep roots moist, dig holes deep 

and wide enough to provide adequate backfill and allow full extension of root 

systems.  Thoroughly water in after partially compacting the backfill.  Watering 

should help establish good soil-root contact and minimize air pockets. 
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Managing Expectations: 
Patience is a Requirement
A bioretention garden has two primary functions:  stormwater capture and 

infiltration, and providing an attractive and often unique landscape amenity to 

your development and community.  However, because the bioretention garden is 

populated with native plants, which are unfamiliar to many people, understanding 

the care and maintenance for the garden and how the garden looks is different 

than with most gardens.  As with any garden, however, its function and success 

will be a result of the care that is put into it.  To gain an understanding of how the 

garden works, patience is required.

Maintenance for bioretention gardens is normally the responsibility of the owner.  

Simple maintenance items such as minor landscaping tasks, litter removal, and 

mowing can be done by the owner, or can be incorporated in conventional 

grounds maintenance contracts for the overall property.

Regardless of who handles day-to-day maintenance, a professional should be 

consulted periodically to ensure that all needs of the bioretention garden are met. 

Some elements that may need professional judgment include inlets and outlets, 

berms, and overall plant health. Some developing problems may not be obvious to 

the untrained eye.

Nursery or land management professionals should complete more difficult or 

specialized work, including repair of eroded areas, soil-disturbing activities, and/

or replanting.  If the work is not done properly the first time, not only will the 

effort have been wasted, but also the entire garden may have been damaged 

by excessive erosion. Grading and sediment removal are best left to professional 

contractors.
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The First Few Weeks
Dr. Stacy Hutchinson of Kansas State University once stated, “Traditional 

concrete stormwater structures function best the first day after 

construction. For plant based stormwater systems, the first day after 

installation is the worst function.” In other words, concrete structures 

begin to degrade soon after they are installed, while plants only get 

better as they grow and get stronger.  It is those first days – or even 

weeks – after they are installed that require care and maintenance.  

During the first few weeks, it will be necessary to care for the 

bioretention garden much the same as any type of garden.  Young 

plants need to be watered if there is not enough rainfall.  Weeds – 

especially aggressive weeds – will need to be pulled.  Mulch is needed 

to cover bare ground and to provide an attractive appearance until the 

plants grow and fill in.  It’s often necessary to remove young plants that 

die because they were planted in the wrong location, they have been 

damaged, or they succumbed to disease.

Unless	you	use	well-grown	potted	
plants, it will take time for the 
garden to germinate and start to 
fill in.  It may also take time before 
the full function of the garden 
(filtering and cleansing water) will 
occur.

Patience is Key

There’s no doubt about it.  Especially if the garden has been seeded, invasive plants from seeds 
that were dormant in the soil or that are wind-blown in will sprout and begin to grow very quickly.  
Being able to recognize and pull the weeds is necessary to keep the garden healthy.  Even if the 
garden has been completed with live plants, weeds will work their way in and need to be removed. 

Weeds Will Grow

Caring for the Maturing Bioretention Garden 
Over The Long Run
After a couple of months, the bioretention garden will finally begin to look 

and function as it was designed.  Still, many native plants take time to grow.  

Sometimes, a portion of the seed that was planted may remain dormant in 
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the soil until the next year to germinate and grow.  The seed that does 

germinate and begin to grow, and young plants that were installed 

work on developing their root system first.  This is what makes them 

hardy and strong.  The top part of the plant may appear to be stunted, 

but know that it will grow.  During the first and second season of the 

bioretention garden, remember the following:

• Grasses will be slow to start, and there will be other grasses such 

as fescue, rye, Johnson, barnyard, and crabgrass that grow also.  

If possible, remove aggressive species like Johnson grass and 

crabgrass.  The other grasses will blend in to the landscape, and 

then be eliminated by the native grasses intended to be there.

• Be careful when weeding.  It is often difficult to tell some of the weeds 

from the early flowering native plants.  It may be necessary to wait until 

some of the weeds get larger before they are removed.  Be sure to 
remove them before they form seed heads.

• Do not over water the plants.  Native plants are used to the drier 

conditions of the prairie. They should not become completely dry, 

however.  Their roots are not completely formed, and they do need to 

continue to receive water periodically through the first year if rain doesn’t 

come.  They may need watering in the second year if excessively dry 

conditions occur.

• Don’t over-mulch the garden.  The plants should have been 

properly spaced to allow them to grow to their full crown with a layer of 

mulch placed in between the plants.  There is no need to add additional 

mulch, as that will limit the growth of existing plants, prevent new 

natives from growing, and fill in the bioretention cell with unneeded 

material. From a proper planting perspective it is better to plant and 

mulch rather than mulch and plant, unless the mulch has been previously 

spread to reduce soil compaction.

• The native plants will go dormant in the early to late fall.  Some of 

the grasses will retain their attractive colors and stems (such as little 

bluestem, cord grass, and others) while others become pale brown.  

During the winter, these plants provide food for wildlife.  If your goal is 

not to feed a wide variety of colorful birds, mow the bioretention garden 

to remove excess, dead plant matter to retain a maintained look through 

the winter.  However, it is preferable to wait until early spring to mow.

Because native plants may be 
slow to get started, if there 
is an immediate need for the 
bioretention garden to be 
“showy,” it is best to install live 
plants, sometimes in quart pots or 
larger.

Good for a Show
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• Wildlife may enjoy your garden as much as you do. Deer and rabbits can 

cause significant aboveground damage to newly installed garden plants. 

Voles can seriously damage root systems, especially on plants such as 

gayfeather. Where wildlife damage is predicted to be significant, you 

should select plants that animals don’t prefer. Fences, chemicals and other 

barriers may also be necessary in order to help garden plants achieve 

a level of maturity and achieve a balance between garden health and 

tolerable damage.  Refer to the appendix resources for control information.   

Each garden or series of gardens needs a plan for operations and maintenance.  

The plan should include, at a minimum, procedures for monitoring the garden 

(vegetative growth, health, and cover), removal of invasive plants and dead 

vegetation, replacement of plants, periodic testing or monitoring to check the 

infiltration capability of the garden, and maintenance and repair of inlets and 

outlets as necessary.  The plan should also include provisions for maintaining the 

visual function of the garden, including thinning of vegetation to keep excessive 

growth in check, introduction of new plants if desired, and maintaining the 

character of the bioretention garden relative to its surroundings.

Bioretention Garden Maintenance 
Use the following  schedule as a general guide to conduct maintenance for your 

bioretention garden.

Short-term:  Year 1 
It is important to remember that native plants have not fully matured 

to their full aesthetic and functional value in the BMP during their first 

year.  Roots are not sufficiently developed to withstand long dry periods, 

and water will not readily infiltrate into the soil unless amended soils are 

used.

1. Water seedlings and young plants at least weekly during the first two 

months in the absence of rain.  Water bi-weekly in the absence of rain 

after the first two months and through the summer months.

2. Monitor the bioretention garden for growth of invasive species.  Eliminate 

invasive plants at the soonest possible time.  Spot apply herbicide to 

undesirable vegetation periodically through the first year.

3. During the first year, inspect the bioretention garden after significant 

rainfalls to check its condition.  Redistribute mulch if it becomes displaced 
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from floating or stormwater inflow, remove trash, and 

inspect for vegetation that may be stressed from extended 

ponding of water.   Remove sediment that accumulates in 

the bioretention garden.  With sediment removal, some 

plant and/or mulch maintenance will likely be necessary.

4. Complete the first annual inspection of BMP condition 

during the fall to assess vegetation establishment.  

Replace dead plants if necessary.  Remove invasive species.

Mid-Term:  Years 2 and 3
1. Mow dead vegetation from the bioretention garden in 

early spring of each year to facilitate new plant growth.  

Do not mow lower than six inches above the ground.

2. Monitor for the growth of invasive species.  Eliminate invasive plants at 

the soonest possible time.  Spot apply herbicide to non-native and/or 

undesirable vegetation periodically through years two and three.

3. Until second-year growth is established, inspect each garden after 

significant rainfalls to check condition of the unit.  Redistribute mulch if it 

becomes displaced from floating or stormwater inflow, remove trash, and 

inspect for vegetation that may be stressed from extended ponding of 

water. 

4. Complete annual inspections of the bioretention garden’s condition during 

the fall to assess vegetation condition.  If vegetation becomes overgrown, 

prune excess plants.  Replace dead plants if necessary.  Remove invasive 

species.

5. Inspect for and remove sediments that accumulate in the garden.  

Sediment deposition, or its removal, could damage plants.  Examine plant 

condition and replace if necessary.

Long-Term
1. Mow or burn dead vegetation from the bioretention garden in early spring 

of each year to facilitate new plant growth.  Do not mow lower than six 

inches above the ground.
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2. Monitor the garden for growth of invasive species one to two times 

during each year.  Eliminate invasive plants at the soonest possible time.  If 

possible, maintain bioretention garden areas through prescribed burning 

and spot herbiciding, as needed.

3. If necessary, remove sediment from the bioretention garden, especially any 

sediment traps, at least annually.
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Notes:
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The concept and function of bioretention gardens are sound and they 
provide outstanding amenities for the communities where they are built 
and properly maintained.  But what are the costs?

The design and construction of bioretention gardens may seem high at first.  Much 

of this can be attributed to the relative “newness” and unfamiliarity with design 

and construction professionals.  It can also be related to the cost of materials and 

the level of maintenance that is needed for the first two years after bioretention 

gardens are built.  However, when compared to conventional methods of 

stormwater management, particularly for removing pollutants from the first half-

inch of runoff, the cost of bioretention gardens is often comparable to, and usually 

less than, conventional methods of stormwater management.

Broad rules of thumb can be used to provide a preliminary estimate of the cost 

of designing and building bioretention gardens, although such costs vary greatly 

with the complexity of the garden and the materials used.  Typically, you can 

estimate that the bioretention garden will cost between $7.00 and $12.00 per 

square foot to build, although the cost can be as low as $4.00 or as high as $15.00 

per square foot, depending on location, amenities, size, and materials.  Design of 

the bioretention garden may range from a few thousand dollars to as much as 

$20,000 or more, depending on the requirements of the site, the complexity of 

design and construction, and requirements of the city for stormwater management 

on the property.

Another way of calculating the cost of bioretention gardens is the cost of the 

drainage area treated.  National data on the cost of BMP construction shows the 

average cost to treat rainwater runoff per acre of drainage area is approximately 

$11,000 (Olsson Associates, 2007).  Within this estimate, it is not unusual to find 

that the cost of stormwater treatment using BMPs, including bioretention gardens, 
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is approximately six to seven percent of the total cost of conventional 

infrastructure construction.  This varies widely due to differences in 

building size and construction, land use and density, and property value.

Much of the cost of the bioretention garden results from use of 

modified soil materials in the sub drain system as well as using live 

plants instead of seed when finishing the garden.  Recent innovations in 

design are reducing the amount of amended soil mix that is needed for 

the infiltration cell, and working closely with a nursery or horticulturist, 

you can reduce the costs of plantings for the garden.  With live plants, 

the size of the plants you install, such as deep cell-plugs, or seedlings, 

quart-sized plants, or gallon-sized plants will affect the final cost for 

constructing the bioretention garden.  As bioretention and rain gardens 

become more commonplace in our community, it is expected that the 

cost of design and construction will come down.

At a minimum, typical cost elements 
included in the construction of a 
bioretention cell include:

- Excavation

- Grading

- Amended soil mix

- Drainage pipe

- River rock or limestone

- Erosion control materials

- Landscape edging

- Seed

- Live plants

- Compost

- Mulch

- Concrete work 

Cost of Maintenance  
Just as with any garden, bioretention gardens need attention and maintenance 

to achieve an attractive, functioning stormwater management amenity.  

Maintenance, as noted in Chapter 6, is highest during the first year after 

construction and installation of vegetation.   With time, as the bioretention 

garden becomes more self-sustaining, maintenance and the associated 

costs goes down.  Most cost studies for bioretention gardens indicate that 

approximately 10 percent of construction costs is needed for maintenance 

during the first two to three years after construction.  After the initial three 

years, maintenance will be limited to removal of weeds, thinning overgrowth of 

Recently constructed bioretention 
gardens at Orchard Park in 
Omaha cost approximately 
$8.80 per square foot, covering 
approximately 8,450 square 
feet.  These bioretention gardens 
included a reasonable, functional 
design, and were planted entirely 
with live plants.

Recently constructed bioretention 
gardens in the Kansas City area 
cost approximately $7.00 per 
square foot covering 4,090 square 
feet, and included a reasonable 
(simple) design, constructed with 
berms, and a mix of live plants and 
seeding.



67

The Cost of a Bioretention Garden

vegetation, and mowing once during the year, limiting the annual costs of labor 

to less than five percent of the original construction cost.

Cost vs. Performance  
As with any type of construction project, the investment in the quality of care 

ultimately pays dividends through the lifespan of the bioretention garden.  The 

following lessons learned apply to the costs of bioretention gardens:

• Designs of bioretention gardens that address site specifics for drainage, 

soils, and surrounding land use, including site vegetation, and 

incorporating these features into the calculations for sizing the garden 

achieve better results that will improve the function of the bioretention 

garden.  The bioretention garden must be designed with the surrounding 

land use in mind.

• Using live plants in the construction of the bioretention garden results 

in less maintenance during the first and succeeding years, as there will 

usually be fewer weeds, lower plant mortality, and more immediate 

functionality of the garden.  Seeding the bioretention garden will require 

more monitoring to make sure plant germination is occurring, and to 

remove invasive plants during the first and second years of growth.  In 

short, using live plants up front will save on maintenance costs, and 

headaches later on.

• Attention to detail and care of construction are very important for 

success of the bioretention garden.  Care must be taken not to over the 

excavate basins, compact soils, or inadvertently impair drainage, as the 

changes in these features could substantially affect the performance 

and growth of the garden.  Make sure the design professional is present 

during construction to address the fine nuances of bioretention garden 

construction and performance.

• Maintenance is important.  If the function and the aesthetic of the 

bioretention garden are not maintained, it will probably become 

unpopular with the landowner and/or community, and will probably be 

removed after a few years.  Design, build and maintain the bioretention 

garden as a long-term component of the site landscape.




