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In keeping with GreenCQ’s desire not to “reinvent the wheel” when high-quality information on
relevant BMPs was already in existence, the following written materials were relied upon
heavily and may have been partially reproduced or adapted into this manual:

e Colorado State University Extension Planttalk Colorado Website:
www.ext.colostate.edu/ptik.
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e Colorado State Univeristy Extension Gardening On-line Website:
www.ext.colostate.edu/pubs/garden.

e Colorado State University Extension Tri-River Area, Western Slope Gardening Website:
www.westernslopegardening.org/ (including various publications by Curtis Swift, Ph.D.)

e Denver Water Conservation and Xeriscape Website:
http://www.denverwater.org/cons_xeriscape/cons_xeriscapeframe.html. (Particularly
with regard to Xeriscape, a term copyrighted by Denver Water in 1981.)

e Irrigation Association Water Management Committee. 2005. Turf and Landscape
Irrigation Best Management Practices. Falls Church, VA: Irrigation Association. Also
see www.irrigation.org.

e Morton Arboretum (Chicago), American Nursery and Landscape Association (ANLA),
the International Society of Arboriculture (ISA), the American Society of Landscape
Architects (ASLA), the Associated Landscape Contractors of America (ALCA), Tree
Care Industry Association (TCIA), and the American Society of Consulting Arborists
(ASCA). 2005. Avoiding Excessive Soil Over the Root Systems of Trees: A Best
Management Practice. Work Group Chairperson Gary Watson.

e Northern Colorado Water Conservancy District Website: www.ncwcd.org/

e Panter, K.L., S.E. Newman, and R.M. Waskom. 1998. Pollution Prevention in Colorado
Greenhouses. XCM-206 (www.ext.colostate.edu/pubs/garden/xcm206.pdf). Ft. Collins,
CO: Colorado State University Extension.

e Urban, J. 2008. Absorbent Soil Volumes Under Pavement for Rainwater Management
and Healthy Tree Growth, Lecture and Up By Roots, Lecture Notes from the Pro Green
Expo, Denver, Colorado.

e Urban Drainage and Flood Control District. 2007. Urban Storm Drainage Criteria
Manual, Volume 3, Stormwater Best Management Practices. Denver, CO: UDFCD.

e Urban Drainage and Flood Control District. 2005. Urban Storm Drainage Criteria
Manual, Volume 2. Denver, CO: UDFCD.

e Wright Water Engineers and Denver Regional Council of Governments. 1996.
Guidelines for Water Quality Enhancement at Golf Courses Through the Use of Best
Management Practices. Denver, CO: DRCOG.

Purpose and Limitations

The purpose of this manual is to consolidate and improve upon Green Industry Best
Management Practices (BMPs) for the conservation of water resources and protection of water
quality, with an emerging ethic of working toward sustainable landscaping practices. These
BMPs include a variety of design, installation, maintenance, grower and retail practices relevant
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to the Green Industry and the public that they serve. This document is an initial building block
for the Green Industry to use in further developing common industry-wide standards.

This manual should be used to enhance the professional qualifications and judgment of the
Green Industry—it is not a regulatory document. Green Industry professionals should use this
manual as general guidance with the recognition that some environmentally sensitive or drought-
stricken areas may require modification of these practices. This document is not a design
manual; instead, it provides overviews of key BMPs and directs the user to relevant design
and certification manuals, where appropriate.

As technological and horticultural advances occur, this manual will need to be updated
periodically to remain current with the state-of-the-art practices for water conservation and water
quality protection, as well as sustainable use of natural resources and enhancement of the
environment. For the most recent version of this manual, please refer to the GreenCO Website
(www.greenco.org).
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Background

The Green Industries of Colorado (GreenCO) is an umbrella trade organization representing the
common interests of eight landscape-related trades:

Associated Landscape Contractors of Colorado (ALCC)

Colorado Chapter of the American Society of Landscape Architects (ASLA)

Colorado Association of Lawn Care Professionals (CALCP)

Colorado Nursery and Greenhouse Association (CNGA)

Garden Centers of Colorado (GCC)

International Society of Arboriculture/Rocky Mountain Chapter (ISA)

Rocky Mountain Chapter/Golf Course Superintendents Association of America (GCSAA)

Rocky Mountain Sod Growers Association (RMSGA)

GreenCO members represent diverse interests including sod growers, landscape architects,
greenhouse growers, nurseries, retailers, contractors, lawn care professionals, golf course
superintendents, and arborists. Each of GreenCO’s members has in common an economic
dependence on built landscapes. Each industry is part of the life cycle of landscaping (Figure 1).

Figure 1. Interrelated Nature of Green Industry Members: Life Cycle of Landscape

Interrelationship of Green Industries
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In 1996, GreenCO began working to help the Green Industry develop an understanding and
strategy to respond to challenges posed to the industry by potential water shortages related to
either population growth or drought. To begin addressing these issues, representatives from
GreenCO'’s eight trade associations worked with diverse partners including Colorado State
University Extension, the Colorado WaterWise Council, Denver Water and the Colorado Water
Resources Research Institute. GreenCO worked proactively to support water conservation and
quality goals without specific regulatory pressure.

Looking to the future, GreenCO recognizes that the economic health of the industry and the
health of the state’s water and other natural resources are inextricably linked. During the 2008
update of this Manual, the GreenCO Advisory Committee emphasized the desire to promote
sustainable practices throughout the Green Industry, consistent with the “green movement”
underway in the U.S. GreenCQ’s original water-related goals, as well as new goals related to
sustainability include:

e Realize significant, measurable improvements in water quality and conservation statewide
through improved and efficient landscape practices.

e Ensure the future health and competitiveness of the Green Industry in Colorado in the face of
new standards and regulations.

e Provide improved water management tools and resources for GreenCO member businesses
and their customers.

e Promote sustainable landscape practices at all levels of the Green Industry from landscape
design, to production and sale of landscaping materials, to maintenance of landscapes.

e Recognize the unique opportunities of the Green Industry to improve natural resources
including water and air quality and wildlife habitat, as well as provide energy conservation
benefits.

To realize these goals, GreenCO identified the development of industry-wide BMPs as a first
step toward getting its “house in order” by compiling and improving industry-wide standards for
tools and technologies that support water conservation and quality. In 2004 and 2008, GreenCO
has continued to revise and expand the BMPs to not only consider water resources, but also the
natural environment.

Definition of Best Management Practices (BMPs) and Principles

The simplest way to define a BMP for purposes of this manual is a voluntary activity undertaken
to reduce water consumption and protect water resources and the natural environment. The
GreenCO BMPs are intended to serve as the industry standard for water conservation and natural
resources protection. Appropriateness of the BMPs may vary depending on site-specific and
regional conditions. The term BMP has been selected for use in this manual primarily for
consistency with other national and international efforts to protect water quality. For example,
the U.S. Environmental Protection Agency (EPA), the state of Colorado (including the Nonpoint
Source Program and the Water Quality Control Division), regional organizations such as the
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Denver Regional Council of Governments, local governments, as well as many others, have
retained the term BMP in ordinances, regulations and guidance manuals.

Most of the BMPs in this manual are relevant to both water conservation and natural resources
protection and enhancement and are based on these basic principles:

1. Healthy landscapes enhance water quality and the environment. Inclusion of green
areas in urban settings helps minimize pollutant-laden runoff to waterbodies and
allows precipitation in urban areas to infiltrate into the soil, rather than overload
natural drainageways. Landscape features such as grass swales, vegetated buffer
strips along waterways, constructed wetlands and other well-vegetated areas are key
components of good stormwater management. Well-vegetated areas are particularly
important in reducing sediment loading to streams and lakes. Additionally, trees and
vegetated areas can provide shade and cooling effects that reduce energy
consumption in urban areas, as well as help to improve air quality.

2. Over-irrigation is the leading source of water waste in landscaping. Landscapes
(including their irrigation systems) are water-efficient when they are properly
designed, installed and maintained according to sound landscaping and water
conservation principles. The term "Xeriscape™ was trade marked by Denver Water in
1981 to help make water-conserving landscaping an easily recognized concept based
on these seven principles: comprehensively designed landscapes, healthy soil,
practical turf areas, proper plant selection and placement, efficient irrigation,
mulching and good maintenance. In many ways, Xeriscape can simply be considered
to be “good horticultural practice.”

3. Water budgeting is an effective tool for designing and maintaining water-efficient
landscapes during both normal and drought conditions. An outdoor water budget
identifies the amount of water needed for healthy landscapes. Comparison of actual
water used to the water budget provides a basis for adjusting water usage to reduce
water waste.

4. ltis easier to prevent or reduce pollution by controlling it at its source, rather than
correcting its impacts. For the Green Industry, this means minimizing runoff from
landscapes, properly applying and/or minimizing pesticide and fertilizer usage, and
minimizing erosion and sediment-laden runoff at landscaping sites.

5. Landscapes designed, installed and maintained in accordance with sustainable
principles can enhance the environment, providing multiple benefits to water
resources, wildlife, air quality, and reduced energy consumption.

6. Improved water quality and natural resources protection, water conservation, and
movement toward more sustainable use of natural resources are dependent on
behavior changes. Education of both the end user (homeowner/landscape owner) and
Green Industry professionals (growers, retail owners, landscape designers,
installation and maintenance professionals) is necessary for behavior change to occur.
It takes more than a nice manual on a shelf for improved water quality and
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conservation to happen. BMPs are the industry standard and must be integrated into
a variety of Green Industry professional training and certification programs and
actually put into practice in the field. Both Green Industry businesses and the public
must recognize the value of natural resources protection and water conservation, and
the consequences of failing to implement these BMPs, in order for behavioral change
to occur.

Overview of BMPs

The BMPs in this manual are listed according to general practice category, beginning with
general design concepts and principles, then moving into specific areas of practice. For
example, the principles of sustainability, Xeriscape and water budgeting provide the foundation
of the manual. Specific areas of practices follow such as landscape design, soil amendment,
tree-related practices, irrigation and various landscape maintenance practices. BMPs related to
growers and retailers are provided next, as well as water quality-related BMPs and educational
practices. Many of the recommendations in this manual can be considered “good horticultural
practice” that results not only in natural resources protection, but also attractive, healthy
landscapes. For many Green Industry professionals, these practices will not be “new”, but will
serve as a reminder of the many decisions and factors that must be considered to achieve the
objectives of water conservation, natural resource protection and sustainability. Additionally,
the BMPs provide an industry-wide perspective that may extend beyond an individual’s area of
expertise. Table 1 provides an overview of the BMPs, along with applicability to various
member industries.

Each of the BMP descriptions is in the form of a fact sheet including the following information:
e Brief description of the BMP.

e Identification of the BMP’s applicability to design, installation or maintenance/ operation
activities.

e Identification of the BMP’s relevance to various GreenCO member industries.

e Basic practice guidelines to follow when implementing the BMP.

e Regional or industry considerations/adaptations.

e Key references for more detailed information.

e Call-out boxes on special topics, for certain BMPs.

The discussion of each BMP is limited to several pages with the intention that the BMP sheets
can be taken out of this notebook for easy reference and distribution. Because it is expected that
users of this manual may focus on individual BMPs rather than the manual in its entirety, there

may be redundancy among some BMP descriptions. Efforts have been made to minimize this
redundancy by cross-referencing the user to related BMPs.
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One important aspect of the BMP descriptions focuses on regional considerations for
implementation of the BMP. Because climate and topographic conditions along the Front Range
vary considerably from the western slope of Colorado, some practices that work well in one
location may not work well in others, or may require special adaptations. Where appropriate,
these types of considerations have been identified in the BMP descriptions.

This BMP manual is not intended to serve as a design and specification manual; instead, it
compiles and summarizes into one document the key BMPs spread across the eight trades within
the Green Industry. For many of the BMPs, entire workbooks and certification manuals are
already in place, providing detailed guidance on the practice. In these cases, the “key
references” identified in the BMP fact sheets can be obtained for more detailed guidance. A
comprehensive bibliography of these references, along with website hyperlinks, is also provided
at the end of this document.

As part of the 2008 update to this manual, additional supplemental resources and checklists were
added to increase the usefulness of this manual, including:

e Historical Grass Reference ET Tables

e Irrigation Efficiency Audit: Pre-audit Checklist
e Salt Tolerant Plant List

e Continuing Education Opportunities

e Industry Checklists to Promote Water Conservation
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Table 1.

Master List of GreenCO BMPs and Supporting Information
with Applicability to Member Industries

o < (<
General BMP 5 8 8 é Q uoa 5)
Category Status  [Order BMP BMP Description 212181818 5|2 S
This BMP introduces basic sustainability and energy conservation concepts that Green Industry
Sustainability New 1 [Sustainable Landscaping professionals can consider integrating into their professional practice. XIX]IX]X]IX]X]X]X
Implement the seven basic landscape principles of Xeriscape: planning and design, soil improvement,
Xeriscape 2004 2 |Xeriscape zoning of plants, practical turf areas, efficient irrigation, mulching and appropriate maintenance. XXX X]|X]|X]X]|X
Calculate the water needs of irrigated landscapes based on plant types, land area and irrigation system
Water efficiency. Use the calculated water budget to apply water according to the needs of the plants and
Budgeting 2004 3 |Water Budgeting manage irrigation. XIX]IX]X]IX]X]X]X
Landscape Design
(including Plant Selection &
Design Sig. Rev. 4 |Placement and Hardscapes) Plan and design landscaping comprehensively to conserve water and protect water quality. XXX X]|X]X]X]|X
Landscape
Installation: Landscape Installation/Erosion and
General 2004 5 |Sediment Control Minimize erosion and control sediment leaving the construction site during landscape installation. XXX XXX
Soil Amendment/Ground
Soils Sig. Rev. 6 |Preparation Evaluate soil and improve, if necessary, to promote efficient water usage and healthy plants. XIX]IX]IX]IX]X]X]X
Identify trees suitable for preservation and implement measures to protect these trees during construction
Trees New 7 |Tree Protection activities. XXX X X
Tree Placement in Urban Trees must be placed in the urban landscape so that adequate soil and space for root growth are provided
Trees New 8 |Landscapes for the long-term growth and health of the tree. XX X]X]X]X
Trees New 9 |Tree Planting Properly plant trees, shrubs and other woody plants to promote the long-term health of the tree. XXX X]|X]X X
Properly design, install and maintain irrigation systems to ensure uniform and efficient distribution of water,
Irrigation Sig. Rev. 10 |[Irrigation Efficiency thereby conserving water and protecting water resources. XXX X]X]|X]X]|X
Irrigation Sig. Rev. 11 [Irrigation System Design Design the irrigation system for the efficient and uniform distribution of water. XIX]IX]X]IX]X]X]X
Install the irrigation system according to the irrigation design specifications, which should be in accordance
with manufacturer’s specifications, local code requirements and sound principles of efficient and uniform
Irrigation Sig. Rev. 12 [Irrigation System Installation water distribution. XXX X]X]|X]X]|X
Maintain the irrigation system for optimum performance, ensuring efficient and uniform distribution of water
Modify the irrigation system as needed to provide supplemental water for maintaining healthy plants
Irrigation Sig. Rev. 13 [Irrigation System Maintenance without wasting water. XXX X]X]X]X
Auditing existing irrigation systems to identify needed improvements is a key tool in reducing landscape
Irrigation New 14 [Irrigation Efficiency Audits water waste and improving irrigation efficiency. X | X X
Irrigation systems can be equipped with a variety of water conserving devices such as soil moisture
sensors, rain sensors and shutoff devices, weather stations, high wind shutoff devices, freeze protection
devices, and advanced, automated, "Smart" control systems that incorporate evapotranspiration (ET)
conditions. Because one of the key benefits of advanced irrigation technology with regard to controllers
Irrigation Technology and (clocks) is increased ease of scheduling and more precise scheduling, irrigation scheduling is also
Irrigation New 15 |[Scheduling discussed as part of this BMP. XIX]IX]IX]IX]X]X]X
Nonpotable water may be used for irrigation purposes as a method to conserve potable or higher quality
Irrigation New 16 |[Irrigation Using Nonpotable Sources |water sources for human consumption (drinking water). XX X] X XXX
Maintenance: Practice landscape maintenance appropriate for the site including practices such as pruning, weeding,
General 2004 17 [Landscape Maintenance mulching, fertilization and attention to the irrigation system. X | X X | X X
Maintenance: Properly plant and maintain prune or trim trees, shrubs and other woody plants to maximize the plants'
Trees Sig. Rev. 18 [Tree and Other Woody Plant Care [health. XIX]|X]X]X]X X
Maintenance:
Herb. Plants 2004 19 [Herbaceous Plant Care Properly plant and maintain herbaceous plants to maximize plant health and conserve water. XX X]|X]X X
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Table 1. Master List of GreenCO BMPs and Supporting Information

with Applicability to Member Industries

o < (<
General BMP 5 8 8 é Q an 5)
Category Status  [Order BMP BMP Description 212181818 5|2 S
Maintenance:
Turf 2004 20 |Turf Management Plan, properly install and maintain practical turf areas. XXX X X | X
Properly apply fertilizers, based on the specific needs of plants, particularly as identified by appropriate soil
Maintenance 2004 21 |Fertilizer Application or plant tissue tests. XXX X]X]X]X
Apply pesticides and herbicides at minimal levels in accordance with the label and targeted to specific
Maintenance 2004 22 |Pesticide and Herbicide Application |disease and weed problems. XXX X]X]X]X
Pesticide, Fertilizer and Other
Chemical Storage, Handling and Properly apply, store, handle and dispose of pesticides, herbicides, fertilizers, fuel and other maintenance
Maintenance 2004 23 |Disposal chemicals to prevent contamination of surface water and groundwater. XXX X]X]X]|X
Aerate lawns to reduce thatch, thereby improving nutrient and water uptake, reducing runoff and reducing
Maintenance 2004 24 |Lawn Aeration compaction. X | X X X | X
Dispose of yard waste to minimize adverse impacts to the environment by keeping waste out of storm
Maintenance 2004 25 |Lawn Waste Disposal/Composting |drains. Recycle and compost organic materials whenever possible. XXX X]X]X]|X
Mow lawns to the proper height and at the proper frequency to maintain turfgrass health, thereby
Maintenance 2004 26 |Mowing minimizing the need for pesticide and fertilizer application and reducing water usage. X | X X X | X
Use organic mulches to reduce water loss through evaporation, to reduce soil loss due to exposure to wind|
Maintenance 2004 27 |Mulching and runoff, suppress weeds, and provide a more uniform soil temperature. XX X]|X]|X X
Drought and General Water
Conservation Practices for
Maintenance 2004 28 |Landscapes Manage landscapes using the most water-efficient techniques during drought conditions. XIX]IX]X]IX]X]X]X
Conduct snow removal practices in a manner that minimizes adverse impacts to vegetation, soils and
Snow New 29 |Snow Removal water quality. XIX]IX]IX]IX]X]X]X
Nurseries, greenhouses and other growers should implement a variety of source, structural, cultural and
Production Practices for Nurseries, |managerial controls to minimize pollution of water resources. lIrrigation practices that minimize off-site
Production 2004 30 |Greenhouses, and Sod Growers transport of pollutants also typically conserve water. X X
Water Management Practices for
Nurseries, Greenhouses, Sod
Production 2004 31 |Growers and Holding Yards Manage production and holding areas to promote the efficient use of water. XXX XX
Retail Practices for Nurseries, Retail businesses should operate in a manner to maintain the health of plants, to conserve water and to
Retail 2004 32 |Greenhouses and Garden Centers |promote water conservation and water resource protection to the general public. X | X
Park, Golf Course and Other Large
Large Landscape Design and Large landscaped areas such as parks and golf courses should be well designed and properly managed to|
Landscapes 2004 33 |Management be an environmental amenity and to minimize runoff to waterbodies. X X| X X X
Properly design, install and maintain landscape features serving stormwater runoff water quality treatment
and volume reduction functions. Low Impact Development (LID) designs seek to approximate pre-
Landscape Features in Low Impact |development runoff hydrology by allowing storm runoff to infiltrate into the landscape rather than routing
Drainage New 34 |Development urban runoff directly into the storm sewer. XXX X]X]X]X]|X
Establish a robust cover of vegetation to promote proper functioning of engineered drainage structures
Drainage 2004 35 |Revegetation of Drainageways such as grass-lined channels, detention basins, retention ponds, and wetlands. X X| X X| XX
Drainage 2004 36 |Riparian Buffer Preservation Preserve wide, undisturbed natural riparian areas along streams. XXX XXX
Education 2004 37 |Employee Education Educate industry employees on water quality and water conservation practices. XXX X]X]X]X]|X
Model and teach water conservation and water pollution prevention to the general public and consumers off
Education 2004 38 |Public Education green industry products. XXX X]X]|X]X]|X
A variety of local, state and federal environmental regulations impact landscaping and nursery operations.
Education 2004 39 |Regulatory Awareness Green industry professional should be aware of these regulations and comply with their requirements. XIX]IX]X]IX]X]X]X
Support Sig. Rev. 40 [References References used in Manual with hyperlinks. XX XX X[X]X[X
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Table 1.

Master List of GreenCO BMPs and Supporting Information
with Applicability to Member Industries

o < (<

General BMP 5 8 8 é Q an 5)

Category Status  [Order BMP BMP Description 212181818 5|2 S

Support New 41 [Glossary Basic definitions of key terms. XX XX X[X]X[X
Appendix A Basic Erosion Sediment

Support 2004 42 |Control Basic erosion and sediment control guidance from Urban Drainage and Flood Control District, Denver. X X]|X X

Support 2004 43 |Appendix B Basic Stormwater BMPs|Basic stormwater BMP guidance from Urban Drainage and Flood Control District, Denver. X X]| X X
Appendix C Potentially Applicable

Support 2004 44 |Regulations Overview of representative regulations affecting the Green Industry. XXX X]|X]|X]X]|X
Appendix D Water Budget

Support 2004 45 |Calculator Overview of GreenCO's on-line water budget calculator from www.greenco.org. XXX X]|X]|X]X]|X
Appendix E Plant Water

Support 2004 46 |Requirements (Kc/ET) Plant lists rated according to water requirements; "Kc List". XXX X]|X]|X]X]|X
Appendix F Historical Grass

Support New 47 |Reference ET Tables Historical grass reference ET for various Colorado communities. XXX X]|X]|X]X]|X
Appendix G Irrigation Efficiency

Support New 48 |Audit--Pre-audit Checklist Pre-irrigation audit checklist developed by Colorado WaterWise Council. X | X X

Summary of relative salt tolerance of various plants, prepared by Curt Swift, CSU Extension, Tri-Rivers

Support New 49 |Appendix H Salt Tolerant Plants Area. XXX X]|X]|X]X]|X

Support New 50 |Appendix | Continuing Education Summary of continuing education and certification opportunities. XIX]IX]IX]IX]X]X]X

Support New 51 |Appendix J Industry Checklists Checklists of key practices for various GreenCO member industries. XX X]|X]|X]X

ASLA = American Society of Landscape Architects (Colorado Chapter,
ALCC = Associated Landscape Contractors of Colorado, Inc.

CALCP = Colorado Association of Lawn Care Professionals

CNGA = Colorado Nursery and Greenhouse Association

GCC = Garden Centers of Colorado

ISA = International Society of Arboriculture (Rocky Mountain Chapter)
RMSGA = Rocky Mountain Sod Growers Association

GCSAA = Golf Course Superintendents Association of America (Rocky Mountain Chapter)
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Literature Review

In 2002, a key component of the original project was to identify to the degree to which the Green
Industry BMPs have been developed. As of 2008, over 350 references have been considered in
development of the GreenCO BMPs. As a credit to the environmental awareness already
present in the Green Industry, the majority of the BMPs included in this manual already have
high quality publications, brochures and other materials available from multiple sources. Most
of the industry certification manuals also cover many of these BMPs. The challenge to the
Green Industry is ensuring that BMPs are implemented more broadly among its individual
members. This manual, combined with the GreenCO training program, will serve as a key step
toward achieving this goal.

In general, the written information on Green Industry water conservation and water quality
BMPs was consistent among sources, at least in principle, even if the details of the practice
varied somewhat. Given the broad scope of this manual, primary emphasis has been given to
communicating the basic principles. Where differing recommendations exist with regard to
supporting details for the BMP, the source of the recommendation has been provided with an
acknowledgement that recommendations may vary among industry professionals. An example
relates to fertilizer application. Most key sources agree on the basic principles that fertilizer
application should be timed to the needs of the plants and that fertilizer should not be over-
applied. However, significant variation in recommended fertilizer application rates exists among
references and member industries. In the case of lawn fertilizer application, a table of
recommendations prepared by CSU Extension experts was included as reasonable guidance for
the industry with an acknowledgement that best professional judgment and site conditions should
be taken into consideration.

Some of the key information sources that industry professionals may be interested in obtaining
that have been important resources in developing this manual include industry certification
manuals, industry web sites, local government ordinances, CSU Extension resources and others.
Links to member industry websites and several other key sources of information are provided
below. Green Industry members should also check the websites for local governments where
they work for special requirements related to all phases of landscaping. Appendix I provides a
list of industry certification programs that can be pursued to go further in depth into specific
areas of practice.

Industry Websites
American Nursery and Landscape Association (ANLA) Website: www.anla.org.
American Society of Landscape Architects (ASLA) Website: www.asla.org.

Associated Landscape Contractors of Colorado (ALCC) Website: www.alcc.com.

Colorado Association of Lawn Care Professionals (CALCP) Website:
www.lawncarecolorado.org/.

Colorado Nursery and Greenhouse Association (CNGA) Website: www.coloradonga.org.
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Garden Centers of Colorado (GCC) Website: www.gardencentersofcolorado.org.

Golf Course Superintendents Association (GCSAA) Website: www.gcsaa.org/.

Golf Course Superintendents Association, Rocky Mountain Chapter (RMGCSAA) Website
Www.rmgcsa.org/

GreenCO Website: www.greenco.orq.

International Society of Arboriculture (ISA) Website: www.isa-arbor.com/.

International Society of Arboriculture, Rocky Mountain Chapter (ISA/RMC) Website:
WWW.isarmc.org.

Professional Landcare Network (PLANET) Website: http://www.landcarenetwork.org.

Rocky Mountain Sod Growers Association (RMSGA) Website:
www.rockymountainsodgrowers.com.

Colorado State University Extension Resources

Colorado State University Extension Gardening On-line Website:
www.ext.colostate.edu/pubs/garden.

Colorado State University Extension Drought Task Force Website: www.drought.colostate.edu/.

Colorado State University Extension Planttalk Colorado Website: www.ext.colostate.edu/ptlk.

Colorado State University Extension Soils Program Website:
www.extsoilcrop.colostate.edu/Soils/pub.htm.

Colorado State University Extension Tri-River Area, Western Slope Gardening Website:
www.westernslopegardening.org/.

Colorado State University Turfgrass Program Website: csuturf.colostate.edu/.

Colorado Water Resources Research Institute Website: cwrri.colostate.edu.

Other Resources

Colorado Department of Local Affairs. 2004. Water Efficient Landscape Design Model
Ordinance. Website: www.dola.state.co.us/smartgrowth/. Denver, CO: Colorado
Department of Local Affairs, Office of Smart Growth.

Colorado Springs Utilities Xeriscape Website: www.csu.org/xeri.

Colorado Water Conservation Board. Website: www.cwcb.state.co.us.

Colorado WaterWise Council Website: coloradowaterwise.org/

Denver Public Library Xeriscape Information Website:
www.denver.lib.co.us/dpl/news/xeriscape.html.
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Denver Botanic Gardens and Colorado State University Extension Plant Select® Website:

www.plantselect.org.

Denver Water Conservation and Xeriscape Website:
www.denverwater.org/cons xeriscape/cons xeriscapeframe.html

Irrigation Association Website: www.irrigation.org.

Irrigation Training and Research Center, Cal-Poly State University, San Luis Obispo, California

Website: www.itrc.org.
Northern Colorado Water Conservancy District Website: www.ncwcd.org/.

Rocky Mountain Water Environment Association Website: www.rmwea.org/.

Save Our Shade Website: saver.denverwater.org/saveourshade.asp.

Trees Are Good Website: www.treesaregood.com/.

Turf Resource Center Website: www.turfgrasssod.org.

U.S. Composting Council Website: www.compostingcouncil.org.

U.S. Environmental Protection Agency, Greenscapes Program Website
WWW.epa.gov/greenscapes/.

U.S. Environmental Protection Agency, WaterSense Program Website
www.epa.gov/WaterSense.

U.S. Green Building Council Websites: www.gbci.org/ or www.usgbc.org/.

Water Reuse Association Website: www.watereuse.org.

X-Rated® Gardening Website: www.xratedgardening.com/.
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NOTICES
Copyright

Green Industry Best Management Practices (BMPs) for the Conservation and
Protection of Water Resources in Colorado: Moving Toward Sustainability, Third
Release is copyrighted © 2008 by the Green Industries of Colorado.

Disclaimer

No representations are made with respect to the contents of the Green Industry Best
Management Practices (BMPs) for the Conservation and Protection of Water Resources
in Colorado: Moving Toward Sustainability, Third Release. Furthermore, the Green
Industries of Colorado reserves the right to revise the document and to make changes
to the content from time to time without obligation to notify any person of such revision.

THE INFORMATION CONTAINED HEREIN IS PROVIDED ON AN “AS IS” BASIS,
WITHOUT WARRANTY OF ANY KIND, INCLUDING WITHOUT LIMITATION THE
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE ACCURACY, COMPLETENESS OR
QUALITY OF SUCH INFORMATION AND ANY USE MADE OF IT IS ASSUMED BY
THE USER.

NEITHER THE GREEN INDUSTRIES OF COLORADO NOR ANYONE ELSE WHO
HAS BEEN INVOLVED IN THE CREATION, PRODUCTION OR DELIVERY OF THE
INFORMATION SHALL BE LIABLE FOR ANY DIRECT, INDIRECT,
CONSEQUENTIAL, OR INCIDENTAL DAMAGES (INCLUDING PROPERTY DAMAGE,
DAMAGES FOR LOSS OF BUSINESS PROFITS, BUSINESS INTERRUPTION, AND
THE LIKE) ARISING OUT OF THE USE OF THE INFORMATION, OR ANY OMISSION
IN OR INACCURACY OF ANY INFORMATION EVEN IF THE GREEN INDUSTRIES
OF COLORADO HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Distribution Notice

You may print copies and distribute this document in whole or in part provided that each
part (or the whole) contains the above copyright and disclaimer notice. THE ENTIRE
RISK AS TO THE ACCURACY, COMPLETENESS OR QUALITY OF SUCH
INFORMATION AND ANY USE MADE OF IT REMAINS WITH THE USER.

Incorporation of this document by reference is permissible with the following citation:
GreenCO and Wright Water Engineers, Inc. 2008. Green Industry Best Management
Practices (BMPs) for the Conservation and Protection of Water Resources in Colorado:
Moving Toward Sustainability. Third Release. Denver, CO: GreenCO.
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Sustainability: BMP Type
General Principles, Relationship to GreenCO Design X
BMPs and Energy Conservation Installation X
Maintenance/Operations | X
Description Green Industry Relevance
) . ASLA X | GCC X
Both 'natlgr'lal and local ef_forts are underway to improve the ALCC 1 X T1sA X
sustainability of landscaping and development. Definitions of
sustainable landscaping vary, with three representative CALCP | X | RMSGA | X
definitions including: CNGA | X | GCSAA | X

1. *“Asustainable Colorado landscape balances resource use with tangible benefits to the
local, regional and global environment throughout its lifespan.” (Front Range Sustainable
Landscaping Coalition 2008).

2. *“Sustainable landscaping should include an attractive environment that is in balance with
the local climate and requires minimal resource inputs, such as fertilizer, pesticides and
water. Sustainable landscaping begins with an appropriate design that includes
functional, cost efficient, visually pleasing, environmentally friendly and maintainable
areas.” (Colorado State University Extension 2008).

3. “Design, construction, operations and maintenance practices that meet the needs of the
present without compromising the ability of future generations to meet their own needs.”
(Sustainable Sites Initiative™ 2007).

“Sustainable Landscaping” has different meanings, depending on the audience, and may best be
described along a continuum that progresses from conventional practices, which are often
dependent on significant natural resource and energy inputs, to sustainable practices, which
require less natural resource and energy use. For some audiences, the endpoint is to become
“neutral” in terms of natural resource consumption and environmental benefits; whereas for
other audiences, the endpoint is to move beyond “neutral” into restorative and regenerative
landscape designs (Reed 2006). Regardless of the endpoint, the Green Industry has many
opportunities to work toward sustainable landscaping practices.

National and Local Sustainability Initiatives

In 2007, the national “Sustainable Sites Initiative” was launched as an interdisciplinary
partnership between the American Society of Landscape Architects (ASLA), the Lady Bird
Johnson Wildflower Center, the United States Botanic Garden and a diverse group of
stakeholder organizations to develop guidelines and standards for landscape sustainability.
The motivation behind this initiative stemmed from the desire to protect and enhance the
ability of landscapes to provide services such as climate regulation, clean air and water, and
improved quality of life. Sustainable Sites™ is a cooperative effort with the intention of
supplementing existing green building and landscape guidelines, as well as becoming a stand-
alone tool for site sustainability. This national effort spawned the local Front Range
Sustainable Landscaping Coalition effort. For more information on these two efforts, see
(www.sustainablesites.org) and (www.frslc.wetpaint.com).
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As stated by the U.S. Environmental Protection Agency, “sustainable development marries two
important themes: that environmental protection does not preclude economic development and
that economic development must be ecologically viable now and in the long run.” The Green
Industry has many opportunities to both thrive economically and protect and restore the
environment.

During the 2008 revision of this manual, sustainability concepts moving beyond water issues
were of substantial interest to the GreenCO advisory committee; however, at the time of this
publication, many of these concepts were in the development phase under local and national
sustainable sites initiatives and were not fully developed or adopted by GreenCO members. This
BMP introduces basic sustainability and energy conservation concepts that Green Industry
professionals can consider integrating into their professional practice. These concepts are likely
to be further developed in future GreenCO efforts.

Basic Practice Guidelines

This BMP focuses primarily on 1) increasing familiarity of Green Industry members with
general sustainability concepts advocated by local and national efforts, and 2) energy
conservation opportunities for the Green Industry, which have not been addressed in previous
releases of the GreenCO BMP Manual. Table 1 cross-references the GreenCO BMPs to key
sustainability concepts envisioned at the local and national levels.

Guiding Principles for Sustainability Advocated by the Front Range Sustainable
Landscaping Coalition

The Front Range Sustainable Landscaping Coalition is in the process of developing sustainable
landscape practices that provide specific recommendations for site preparation, planting, water
management, mulching, hardscapes, mobilization, maintenance and other practices. Underlying
these forthcoming specific practices are the following principles:

e Minimize use of non-renewable resources

o Energy
= Use local materials
= Reduce energy use in buildings
= Use renewable energy

o Water
= Retain water on site
= Use efficient irrigation

o Compost use (instead of harvesting topsoil and peat)

e Restore “ecological functioning” (or ecosystem services)

0 Support healthy soil, which provides these benefits:
= Absorbing and cleaning runoff and precipitation
= Absorbing and neutralizing air pollution
= Fixing/sequestering carbon

0 Provide habitat

e Minimize waste: reduce, reuse, recycle
e Protect and minimize disturbance to healthy ecosystems
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Table 1. Relationship of GreenCO BMPs to Various Sustainability Principles

Soils

Energy Conservation

Soil Amendment/Ground Preparation

Sustainable Landscaping

Soils, Hydrology, Materials, Vegetation

Water Conservation Focused Practices
(note: all GreenCO practices interrelate to promote
water conservation)

Landscape Design
(including Plant Selection & Placement and
Hardscapes)

Water Budgeting

Xeriscape

Drought and General Water Conservation Practices
for Landscapes

Park, Golf Course and Other Large Landscape
Design and Management

Irrigation Efficiency

Vegetation-focused Practices
(provide guidance promoting healthy vegetation,
while minimizing chemical usage)

Irrigation Efficiency Audits

Fertilizer Application

Irrigation System Design

Herbaceous Plant Care

Irrigation System Installation

Landscape Maintenance

Irrigation System Maintenance

Lawn Aeration

Irrigation Technology and Scheduling

Mowing Irrigation Using Nonpotable Sources
Production Practices for Nurseries, Greenhouses, and
Mulching Sod Growers

Pesticide and Herbicide Application

Retail Practices for Nurseries, Greenhouses and
Garden Centers

Pesticide, Fertilizer and Other Chemical Storage,
Handling and Disposal

Water Management Practices for Nurseries,
Greenhouses, Sod Growers and Holding Yards

Tree Placement in the Urban Landscape

Tree Planting

Hydrology/Drainage/
Water Quality Related Practices

Tree Protection

Landscape Installation/Erosion and Sediment Control

Turf Management

Revegetation of Drainageways

Woody Plant Care

Riparian Buffer Zone Preservation

Waste Reduction

Role of Landscaping in Low Impact Development

Lawn Waste Disposal/Composting

Snow Removal and Management
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Guiding Principles for Sustainability under the Sustainable Sites Initiative™

Guiding principles of the Sustainable Sites Initiative™ follow, along with specific goals which
may be directly related to the Green Industry, as summarized in Table 2. See the Sustainable
Sites Initiative" ™ website for more detail and the most current versions of these concepts.

1.

Do No Harm?: Make no changes to the site that will degrade the surrounding environment.
Promote projects that occur where there has been previous disturbance or development that
presents an opportunity to regenerate ecosystem services through sustainable design.

Precautionary Principle: Be cautious in making decisions that could create risk to human and
environmental health. Some actions can cause irreversible damage. Examine a full range of
alternatives—including no action—and be open to input from all affected parties.

Design with Nature and Culture: Create and implement designs that are responsive to
economic, environmental, and cultural conditions with respect to the local, regional, and
global context.

Use a Decision-Making Hierarchy of Preservation, Conservation, and Regeneration:
Maximize and mimic the benefits of ecosystem services by preserving existing
environmental features, conserving resources in a sustainable manner, and regenerating lost
or damaged ecosystem services.

Provide Regenerative Systems as Intergenerational Equity: Provide future generations with a
sustainable environment supported by regenerative systems and endowed with regenerative
resources.

Support a Living Process: Continuously re-evaluate assumptions and values and adapt to
demographic and environmental change.

Use a Systems Thinking Approach: Understand and value the relationships in an ecosystem
and use an approach that reflects and sustains ecosystem services; re-establish the integral
and essential relationship between natural processes and human activity.

Use a Collaborative and Ethical Approach: Encourage direct and open communication
among colleagues, clients, manufacturers, and users to link long-term sustainability with
ethical responsibility.

Maintain Integrity in Leadership and Research: Implement transparent and participatory
leadership, develop research with technical rigor, and communicate new findings in a clear,
consistent, and timely manner.

! Although the term “do no harm” is adopted directly from the Sustainable Sites Initiative, it is important to
recognize that there are inevitable effects from changing the natural environment. Green Industry members may
choose to consider ways to “minimize” or “avoid” harm.

Third Release, May 2008 Sustainability-4





GreenCO BMPs for the Conservation and Protection of Water Resources

Table 2.
General Goals of the Sustainable Sites Initiative to Progress Toward Site Sustainability
(Source: Sustainable Sites Initiative 2007)

SOILS

1. Maintain and/or improve soil health so that on-site and surrounding ecosystem
services are sustained or enhanced.

2. Avoid the use of pollutants, chemicals, or soil amendments that can harm human and
ecological health.

3. Create a net zero waste site.
4. Reduce greenhouse gas emissions.
HYDROLOGY
1. Value all water on the site.
2. Maintain or regenerate healthy hydrologic processes.
3. Promote water quality and healthy aquatic habitats.

VEGETATION

1. Design and maintain vegetation so that on-site and surrounding ecosystem services are
sustained or enhanced.

2. Reduce resource consumption and waste.
MATERIALS

1. Manage resources and materials efficiently.

2. Select and use sustainable landscape materials.

3. Reduce energy use, both embodied and operational.

4

During all phases, avoid materials, products and practices that are harmful to humans
and the environment.

HUMAN WELL-BEING
1. Design and maintain conditions to promote health and physiological benefits.
2. Enhance human cognitive function.
3. Promote positive social dynamics.
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Energy Conservation

1.

In addition to sustainability practices related to
water conservation and water quality protection,
the Green Industry has many opportunities for
energy conservation as it continues to encourage
sustainability. In a general sense, the typical areas
to seek energy conserving opportunities include:
building envelopes, windows, lighting systems
(including daylight), electrical systems, plug loads
and HVAC systems. Although this BMP Manual
does not go into detail on this topic, basic practices
that can be implemented across the Green Industry
include these first steps (NREL 2008):

e Replace incandescent lights with
electronically ballasted (T-8) compact
fluorescent lights. These use about 70
percent less electricity than incandescents.

e If motors are used in the greenhouse,
switching to variable speed equipment and
using the lowest speed appropriate can
decrease energy use.

e Maintain all heating, water pumping,
mowing and irrigation equipment for

optimum performance to reduce energy use.

e Caulk and seal building shell leaks and
penetrations in greenhouses.

Drops to Watts: Have You Made the
Water Use—Energy Connection?
(Excerpted from USEPA 2008)
“Although most people understand
that heating water requires energy,
they don't always consider the energy
it takes to treat and deliver the water
they use. In 2005, the nation's
municipal water infrastructure
consumed about 56 billion kilowatt
hours of electricity—that's enough
energy to power more than 5 million
homes for an entire year. Plus, as the
demand for water grows, water
utilities must pump water from more
distant and deeper sources, which, in
turn, requires even more
energy...That's why simple [water
efficient devices and practices] can
really make a difference when it
comes to addressing global
warming—the less water we use, the
fewer greenhouse gases will be
produced to generate electricity.”

e Turn off equipment when not in use and reduce vehicle idling times during deliveries.
e When replacing trucks and transportation fleets, consider gas mileage and alternative

fuel sources.

Based on research completed by NREL, energy conservation in the greenhouse is an area of

limited research and focus relative to some other industries. Alternative fuel sources for

greenhouses include geothermal energy (particularly in the southwest corner of Colorado),

solar energy and wind energy. One area that has been developed to some extent includes

basic principles of solar greenhouse design, including the following very general principles:
e Orient glazing to receive maximum solar heat during the winter.

e Use heat storing materials to retain solar heat.

e Have large amounts of insulation where there is little or no direct sunlight.
e Use glazing material and installation methods that minimize heat loss.
e Rely primarily on natural ventilation for summer cooling.

For large landscapes, the following energy-saving tips are recommended by the U.S.
Environmental Protection Agency under its “Greenscape” program:
e Strategically plant vegetation outside and around buildings to reduce indoor heating

and cooling needs.
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Regional or Industry Considerations/Adaptations

Use hand or electric equipment where ever
feasible to reduce emissions.

Use biobased fuels and lubricants in place of
petroleum.

Implement a regularly scheduled equipment
maintenance program for increased
efficiency and reduced emissions

Use compost to improve soils (it also makes
an excellent air filter media for volatile
organic compounds).

Specify Green Building requirements for
building structures.

Plant trees to replace those removed or
damaged during construction.

Buy locally produced goods and services
whenever possible to reduce transportation
emissions and costs.

Purchase or rent fuel efficient vehicles for
your fleet.

Use high efficiency lighting for roadways,
parking lots, security, and landscaping.

Use solar powered lighting and signage
wherever possible.

Utilize solar, wind, and other renewable
energy sources. Purchase "green power"
from renewable energy sources if available.

Greenscape Concepts: Reduce,
Recycle, Reuse and Rebuy
(“the 4 Rs”)

The U.S. Environmental Protection

Agency is encouraging
“Greenscape” concepts focused on
environmentally beneficial
landscaping, taking into
consideration conservation
opportunities associated with
reducing waste, reusing materials,
recycling materials and rebuying
recycled materials. Many of the
Greenscape concepts are
consistent with the GreenCO
BMPs, whereas a few of the
recommended practices such as
recycling gray water are not
regionally permissible. To
download the USEPA Greenscapes
Tip Sheet, cost calculator and
other brochures to see which
practices could be incorporated
into your business, go to
WWW.epa.gov/greenscapes.

1. Many efforts to move toward more sustainable sites that relate to the Green Industry have
been in existence for some time and others continue to evolve. Representative examples
include:

U.S. Green Building Council’s (national) Leaders in Environmental Design (LEED)

program (http://www.gbci.org/ or http://www.usgbc.org/)

Built Green Colorado (statewide) (http://www.builtgreen.org/)

Partners for a Clean Environment (PACE) (local-Boulder)
(http://www.ci.boulder.co.us/wwwi/pace/index.html)

2. Related efforts include focus on specific components of sustainability such as:

Energy Star: A joint program of the U.S. Environmental Protection Agency (EPA)
and the U.S. Department of Energy designed to reduce energy use and protect the
environment through energy efficient products and practices.

(http://www.enerqystar.gov/).
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e WaterSense: EPA’s new program to provide certification of water products and
training programs that promote water conservation and efficiency.
(http://www.epa.gov/watersense/).

e Asof 2008, Xcel energy had a solar rewards program in place in support of its
Renewable Energy Compliance Plan that may be a source of rebates related to
renewable energy sources. The Solar*Rewards program allows residents or

businesses to receive cash back for installing a photovoltaic (PV) system based on the

size of the system installed. See www.xcelenergy.com for more information.

3. Some national sustainability and recognition programs may not fully account for regional
constraints for some practices. For example, rainwater harvesting, greywater and blackwater

recycling onsite are restricted under Colorado Water Law and/or the Colorado Department of

Public Health and Environment.

4. While the general concepts presented in the Sustainable Sites Initiative are consistent with
GreenCO’s BMPs, GreenCO and its member industries have not yet either endorsed or
rejected the standards and practices proposed as part of the Sustainable Sites Initiative.

Key References
American Society of Landscape Architects, Lady Bird Johnson Wildflower Center and U.S.

Botanic Gardens. 2007. Preliminary Report on the Standards and Guidelines,
Sustainable Sites Initiative. November 2007. (www.sustainablesites.orq).

Bousselot, J. Badertscher, K. and M. Roll. 2005. Sustainable Landscaping Fact Sheet No
7.243. Colorado State University Cooperative Extension.
(http://www.ext.colostate.edu/PUBS/GARDEN/07243.html).

Built Green Colorado (www.builtgreen.org/).

City of Boulder, Partners for a Clean Environment (PACE)
(www.ci.boulder.co.us/www/pace/index.html).

Colorado Governor’s Office of Energy (www.colorado.gov/energy/)

National Renewable Energy Laboratories, 2008. Sustainable Energy for Nurseries and
Greenhouses: Growing Profits with Energy Efficiency and Renewable Energy,
Presentation by Bob Noun, Executive Director of External Affairs, NREL. January 23,
208 presentation at Pro-Green Expo, Denver, CO. (www.nrel.gov).

Reed, W. 2006. Trajectory of Environmental Design. Integrative Design Collaborative, Inc.,
Regenesis, Inc., and IDP, Inc.

Thompson, J. and K. Sorvig. 2000. Sustainable Landscape Construction: A Guide to Green
Building Outdoors.

U.S. Environmental Protection Agency, WaterSense Program (www.epa.gov/\WaterSense).

U.S. Environmental Protection Agency, Greenscapes Program (www.epa.gov/greenscapes/).

U.S. Green Building Council (www.gbci.org/ or www.usgbc.org/).

Xcel Energy, 2008. Solar*Rewards Program (www.xcelenergy.com).
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Xeriscape
Description

Implement the seven basic landscape principles of xeriscape:
planning and design, soil improvement, hydrozoning of plants,
creating practical turf areas, efficient irrigation, mulching and
appropriate maintenance.

General Note: The term “Xeriscape” was coined by Denver
Water in 1981. The seven Xeriscape principles are included as
individual GreenCO BMPs. Integration of these seven BMPs

BMP Type
Design X
Installation X

Maintenance/Operations | X

Green Industry Relevance

ASLA X | GCC X
ALCC X [ ISA X
CALCP | X |RMSGA | X
CNGA | X |GCSAA (X

provides a comprehensive approach that can be very effective for conserving water. A common
misconception of Xeriscape is that it is a plant type—this is not the case; instead, Xeriscape is a
combination of multiple practices that, when properly implemented, results in landscape water

conservation.

Basic Practice Guidelines

1. Plan and design landscaping comprehensively. Start with a site inventory and analysis,
where existing conditions such as drainage, exposures, soil types, views, existing plants, etc.,
are noted. Next, develop a list of activities (“a program™) and their support facilities that
need to be included in the design. Continue by diagramming possible locations for the
activities from the program, while also allowing for planned traffic patterns and access or
screening. Finally, use this information to develop a plan that integrates plants into the
overall scheme. (See the Landscape Design BMP for more information.)

2. Evaluate soil and improve, if necessary. Improve soil before planting and installing the
irrigation system. Soil improvement promotes better absorption of water, improved water-
holding capacity and drainage of the soils. It also allows for better oxygen transfer within
the root zone. (See the Soil Amendment/Ground Preparation BMP for more information.)

1.
Planning

2
Soil
Improvement

' s \
Appropriate
Maintenance

Xeriscape

5.
Efficient
\ __lrrig‘aﬁ'oi;

Hyd

3
rozoning
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3. Create practical turf areas. Include turf areas where they provide defined functions (i.e.,
recreation, traffic areas, etc.). Grass is best separated from plantings of trees, shrubs, ground
covers and flowers so it can be watered separately. Often, portions of turf areas can be
replaced with more water-efficient ground covers and mulches. Choose the appropriate grass
for the desired use. No one grass is ideal for all locations. Alternative grasses for some areas,
depending on the area’s purpose, may include tall fescue, buffalograss, blue grama and wheat
grass. (See the Turf BMP for more information.)

4. Use appropriate plants and group according to their water needs (i.e., "hydrozoning"). Plants
with lower water requirements such as native species adapted to Colorado’s climate should
be considered. However, other plants can have a place in xeriscape designs, even if they
require larger amounts of water. The key is to use those plants in appropriate locations and
not to interplant them with others that have very different, lower water requirements. In
effect, the groupings of plants are separated into “zones” based on their water requirements,
which allows them to be irrigated efficiently. (See the Plant Selection and Placement BMP
for more information.)

5. Water efficiently with a properly designed irrigation system. Irrigate according to the
condition of the plants, not on a fixed schedule. Well-planned sprinkler systems can save
water when properly installed and operated. Turf areas should be watered separately from
beds, shrubs and trees. Apply only as much water as the soil can absorb to avoid runoff.
Trees, shrubs, flowers and ground covers can be watered more efficiently with low volume
drip emitters. To promote deep rooting, water infrequently, but deeply. (See the Irrigation
Efficiency BMP for more information.)

6. Use organic mulches to reduce surface evaporation of water and weeds. Mulched planting
beds are an ideal replacement for expansive turf areas. Mulches cover and reduce
temperature extremes in the soil, minimize evaporation, reduce weed growth and slow
erosion. Mulches also provide landscape interest. Organic mulches are typically bark chips,
wood grindings or pole peelings. Inorganic mulches include rock and various gravel
products. Place mulch directly on the soil or on breathable fabric. Do not use impermeable
sheet plastic beneath mulched areas. (See the Mulching BMP for more information.)

7. Practice appropriate landscape maintenance. Proper pruning, weeding, mowing and
fertilization, plus attention to the irrigation system, are needed to maximize water savings.
Regular maintenance preserves the intended beauty of the landscape and saves water and
maintenance costs. Always water according to plant needs and current soil moisture
conditions and not on a rigid schedule. Remember that frequent, shallow watering promotes
shallow roots, which defeats the purpose of xeriscaping. (See the Landscape Maintenance
BMP for more information.)
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A well-designed and maintained Xeriscape not only conserves water, but is also aesthetically
pleasing, incorporating a variety of landscaping.

Source: Denver Water.

Special Regional or Industry Considerations/Adaptations
1. Xeriscape principles are applicable industry-wide and in all locations in Colorado.
Key References

Colorado Springs Utilities Xeriscape Web site: www.csu.org/xeri.

Colorado Nursery and Greenhouse Association. 2007. Annual and Perennial Plant Guide.
(www.coloradonga.org).

Colorado Nursery and Greenhouse Association. 2007. Rocky Mountain Plant Guide.
(www.coloradonga.org).

Colorado Nursery and Greenhouse Association, Colorado Sate University Extension and
Associated Landscape Contractors of Colorado. 2007. The Rocky Mountain Landscape
Design Guide (www.coloradonga.org).

Colorado State University Extension. 2001. Xeriscape. Planttalk Colorado 1900
(www.ext.colostate.edu/ptlk/1905). Ft. Collins, CO: CSU.

Denver Water Water Conservation and Xeriscape Web Site:
http://www.denverwater.org/cons xeriscape/cons xeriscapeframe.html.

Dirr, M.A. 1998. Manual of Woody Landscape Plants: Their Identification, Ornamental
Characteristics, Culture, Propagation and Uses, 5" Edition. Champaigne, IL: Stipes
Publishing Co.
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Duffield, M.R. and W.D. Jones. 2001. Plants for Dry Climates: How to Select, Grow and
Enjoy. Boulder, CO: Perseus Book Group.

Fairchild, D. and J.E. Klett. 1993. Woody Landscape Plants for the High Plains. Ft. Collins,
CO: Colorado State University Extension.
(www.extension.colostate.edu/4ADMG/Trees/trials.htm).

Feucht, J.R. 1999. Xeriscaping: Trees and Shrubs. Fact Sheet No. 7.229
http://www.ext.colostate.edu/pubs/Garden/07229.html. Ft. Collins, CO: Colorado State
University Extension.

Feucht, J.R. 1998. Xeriscaping: Creative Landscaping. Fact Sheet No. 7.228
(www.ext.colostate.edu/pubs/garden/07228). Ft. Collins, CO: Colorado State University
Extension.

Feucht, J.R. 2001. Gardening—Ground Covers for Mountain Communities. Fact Sheet No.
7.413 (http://www.ext.colostate.edu/pubs/garden/07413). Ft. Collins, CO: Colorado
State University Extension.

Garden Centers of Colorado, 2006. Put Some Excitement in Your Yard Brochure
(http://www.gardencentersofcolorado.org/xratedgardening2/images/brochure cover.jpq).

Kelly L., K.L. Kopp, T. Cerny and R. Heflebower. 2002. Water-Wise Landscaping. HG 518
(extension.usu.edu). Logan, UT: Utah State University Extension.

Klett, J. Fahey, B. and R. Cox, 2002. Native Trees for Colorado Landscapes (Fact Sheet No.
7.421) (http://www.ext.colostate.edu/pubs/garden/07421.html). Colorado State
University Extension.

Klett, J. Fahey, B. and R. Cox. 2002. Native Shrubs for Colorado Landscapes (Fact Sheet
No.7.422). (http://www.ext.colostate.edu/pubs/garden/07422.html). Colorado State
University Extension.

Knopf, J. 1991. The Xeriscape Flower Garden: A Waterwise Guide for the Rocky Mountain
Region. Boulder, CO: Johnson Publishing Company.

Knox, K. 1989. Landscaping for Water Conservation: Xeriscape. Aurora, CO: City.

Rondon, J. 1980. Landscaping for Water Conservation in a Semi-arid Environment. Aurora,
CO: City.

Tatroe, M. 2007. Cutting Edge Gardening in the Intermountain West. Boulder, CO: Johnson
Books.

Weinstein, G. 1999. Xeriscape Handbook: A How-To Guide to Natural, Resource-Wise
Gardening. Golden, CO: Fulcrum Publishing.
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Irrigation Efficiency Audits BMP Type
Design
Description Installation

Maintenance/Operations | X

Auditing existing irrigation systems to identify needed

improvements is a key tool in reducing landscape water waste Green Industry Relevance
and improving irrigation efficiency. This process is sometimes ASLA GCC

called a “catch can test.” This BMP is divided into two |[|[ALCC | X |ISA

important components:  the pre-audit to correct existing || CALCP | X | RMSGA

malfunctions in the irrigation system and the irrigation audit || CNGA GCSAA | X

itself, which is used to assess distribution uniformity and
precipitation rates for the irrigation system.

Basic Practice Guidelines

The majority of the guidelines presented in this BMP were developed by the Irrigation
Association (1A 2007) and are intended to function as recommendations in the evaluation and
performance of landscape irrigation systems. The IA recommends conducting irrigation audits
approximately once every five years. These guidelines have been designed to aid landscape
professionals in fieldwork procedures and in irrigation performance calculations and techniques.
Recommendations and projections from the guidelines and their accuracy depend upon the
quality of measurements and data provided by the individual user. The Irrigation Association
makes no warranty, implied or expressed, as to the results obtained from these procedures. The
Irrigation Association intends that these procedures by used as guidelines, not a set of
regulations or standards.

STEP #1: PRE-AUDIT ASSESSMENT AND SYSTEM CORRECTION

1. Complete a pre-site inspection to document system components and conditions. As part of
this step, obtain as-built drawings and water use history for the past three years, where
available.

2. Determine whether irrigation system meets all local codes.

3. Repair operational defects so that the system is in working condition. Make sure all heads
are in proper position.

4. Schedule the inspection after a mowing day to reduce interference from tall grass.

The Colorado WaterWise Council has developed a “pre-audit” form, which can be used as a
checklist to document the landscape and irrigation system conditions. This form is provided in
Appendix G and can be easily understood by a homeowner. In many cases, correction of the
items identified in the pre-audit significantly improves irrigation system performance.
Representative items covered in the pre- audit checklist include:

e Documentation of existing irrigation schedule and methods of adjustment over the
irrigation season.

Third Release, May 2008 Irrigation Efficiency Audits-1





GreenCO BMPs for the Conservation and Protection of Water Resources

e Description of irrigation system zone (station) equipment.

e Description of water saving devices (e.g., rain shutoff, soil moisture sensor, weather-
based controllers).

e Description of landscape features (e.g., slope, exposure, soil conditions, plant types and
conditions in each zone).

e Condition of sprinkler nozzles (e.g., broken, tilted, spray direction) and drip systems
(e.g., plugged, missing pressure regulator).

STEP #2: IRRIGATION EFFICIENCY AUDIT

The irrigation efficiency audit, which assesses distribution uniformity and precipitation rates, is
completed by conducting a catch-can testand comparing the average distribution uniformity of
the lower quarter of the catchment samples (DU, ) with the overall average of catchment
samples (DUavc). A good distribution uniformity is indicated by the average values of the lower
quarter being similar to the overall average.

Test Conditions (as specified by the Irrigation Association)

1. Maximum wind allowable during audit = 5 mph or less (ASAE S398.1). Wind speed must be
monitored and recorded every 5 minutes during audit.

2. Audit must be conducted under normal operating conditions.

3. Pressure tests must be conducted at normal operating conditions at the sprinkler using the
appropriate pressure testing device at the beginning, middle and end of operation of each
audited zone.

Placement of Catchments

4. Catchments (“catch cans”) for a test area
should be aligned on a grid layout. All
catchments must be uniform in size and
type. See photo.

5. The catchments along the edge of the
zones should be placed 12 to 24 inches in
from the edge.

6. Catchment spacing

a. For fixed spray sprinklers — near a
head and half-way between the heads.

Placement of catch cans for irrigation efficiency audit.
Photo Source: Kenneth Solomon
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b. For rotor heads, less than 40 ft radius — near a head and every 1/3 of the distance between
the heads.

c. Rotor heads, greater than 40 ft radius — near a head and every 1/4 of the distance between
the heads.

7. Unusual areas

a. Large areas, rotor sprinklers — uniform grid, 10 to 15 ft spacing (i.e., infield for baseball
field).

b. Small areas, spray sprinklers — uniform grid, 5 to 8 ft spacing (i.e., narrow turf area less
than 6 ft wide).

Test Run Times

8. Test run times must be consistent among zones.

9. When the test area contains multiple zones, the zone run times must be adjusted to achieve a
matched precipitation across the test area.

10. Rotor sprinklers must run for a minimum of five rotations during the test.

11. All catchment volumes must be read in milliliters (mL), and it is recommended that a
minimum of 25 mL of water be collected.

Data Collection and Recording

12. The following data must be documented:

a. Catchment locations f. Pressure readings with locations
b. Catchment volumes g. Make, model, nozzle of sprinklers
c. Testing run times h. Soil types and root zone depths

d. Sprinkler locations i.  Wind speed readings

e. Sprinkler spacing j. Date and time of testing

STEP #3. CALCULATE DISTRIBUTION UNIFORMITY
13. The lower quarter distribution uniformity (DULQ) is calculated with the following method:

Step 1: Order the individual catch-can volumes in a list from smallest to largest.
(Spreadsheets help to significantly reduce calculation time. Download the Turf Irrigation
Management Program [TIM] from Northern Colorado Water Conservancy District
[www.ncwcd.org] for an Excel spreadsheet that automates this process.)
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Step 2: Separate out the catchment values for the quarter of the cans containing the least
amount of water. Calculate the average catchment volume of these cans (VLq).

Step 3: Calculate the average catchment volume for all the cans (including the low
quarter) (Vavg).

Step 4: Calculate the lower quarter distribution uniformity (DULQ) as a percentage using
the following formula:

DULg = (VLo / Vayg) X 100
Where:
Vo= Average Catch Volume in Lower Quarter (mL)
Vag =Average Catch Volume in Zone (mL)
DU q =Distribution Uniformity (in %)

Figure 1. Turf Irrigation Management Audit Spreadsheet
(download from www.ncwcd.org)

Northern Colorado Water Conservancy District
Irigation Auditing Calculation Sheet

Date:| | Auditor: | |

Site: | | Controller: | |

Audit Column A B C D E F G

Audit Area | | | | | | | | | | | | |

Precip. Rate:
Total Volume:

# of Catch Cans:
Average Volume:
LQ Ave Volume:

Sprinkler Area Data

Run Time:
Catch Can Area:

Catch Can Readings

AT ED R 2D e~ ot LR
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14.

15.

16.

Table 1 can be used to assign a qualitative rating to the lower quarter uniformity (DU,,) for
overhead irrigation systems, rated as “excellent, very good, good, fair, or poor” based on the
type of sprinkler head used in the zone. If the overall DU, q has a rating of “fair” or “poor,”
consider redesigning the system, replacing sprinkler heads that are not performing well,
adjusting sprinkler head spacing, adjusting alignment and radius of throw, adjusting relative
timing of overlapping zones, and correcting operating pressure problems.

Table 1. Irrigation Association Ratings of Lower Quarter Distribution Uniformity for

Sprinkler Zones (Source: Irrigation Association 2001)

Type of Zone Excellent Very Good Good Fair Poor
(%) (%) (%) (%) (%)

Fixed Spray 75 65 55 50 40

Gear Driven 80 70 65 60 50

Rotor

Impact Rotor 80 70 65 60 50

Table 1 can be used as a guideline for initial planning and design purposes in addition to use
in system performance evaluation. While DU, g as measured with catch-cans is a good
indication of sprinkler hardware performance, it does not always accurately reflect soil
moisture uniformity within the root zone. This is because of the tendency of soil moisture to
migrate horizontally, which is not reflected in catch-can measurements. Based on a study in
turfgrass irrigation using test plots with different soil textures, an improved representation of
soil moisture uniformity for scheduling purposes is the lower-half of the distribution
uniformity (Irrigation Association 2005).

The catch can results can also be used to calculate the net precipitation rate for irrigation
scheduling purposes. The net precipitation rate (PRper) is based on the amount of water that
actually reaches the landscape using the following formula:

PRnet = (3.66 X Vavg)/(tR X ACD)
Where:

PRnet= zone precipitation rate (inches/hr)
Vayg = average catch volume for zone (mL)
tr = test run time (min)

Acp = catch device throat area (in?)

3.66 = constant for unit conversion

Regional or Industry Considerations/Adaptations

1.

Some local governments may offer rebates for irrigation audits, particularly for large
commercial properties or other high volume irrigation customers. Check with your water
utility to see what programs or incentives are currently offered for large irrigators.
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2. The Irrigation Association offers a software program to calculate the DU, g and precipitation
rate, along with generic audit forms, downloadable from www.irrigation.org.

3. The Irrigation Association offers guidance on scheduling methodology and procedures are
provided in the Golf Irrigation Auditor and Landscape Irrigation Auditor Manuals.

Key References

Colorado WaterWise Council. 2007. Pre-irrigation Audit Excel Spreadsheet. (See Appendix
G.)

Irrigation Association Website: www.irrigation.org.

Irrigation Association. 2001. Predicting and Estimating Landscape Water Use. October.
Irrigation Association. 2001. Certified Landscape Irrigation Auditor Manual. August.

Irrigation Association. 2005. Landscape Irrigation Scheduling and Water Management.
Prepared by the Water Management Committee.

Irrigation Association. 2007. Recommended Audit Guidelines. Modified April 2007.

Irrigation Training and Research Center website: (www.itrc.org ), Cal-Poly State University,
San Luis Obispo, California.

Keesen, L. 1995. The Complete Irrigation Workbook. Cleveland, OH: Franszak and Foster.

Northern Colorado Water Conservancy District (undated). Turfgrass Irrigation Management
(TIM) Program, downloadable from www.nwcd.org/ims/scheduler.asp.
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Mowing
Description

Mow lawns to the proper height and at the proper frequency to
maintain turfgrass health, thereby minimizing the need for
pesticide and fertilizer application and reducing water usage.

Basic Practice Guidelines

1. Mow the lawn frequently enough so that no more than one-
third of the grass blade is removed during a single mowing.

BMP Type

Design

Installation

Maintenance/Operations | X

Green Industry Relevance

ASLA GCC X
ALCC X | ISA

CALCP [ X | RMSGA | X
CNGA GCSAA [ X

For example, if maintaining the grass at a height of 2% inches, cut the grass by the time it
reaches 3% inches tall. This requires changing the mowing schedule to reflect how quickly
the grass grows. This can range from four to ten days between mowing.

Proper mowing, irrigation and maintenance of turfgrass results in

deeper, more drought resistant root systems.

Source: International Turf Producers Foundation.

2. Grass undergoes less stress when the amount of blade left on the plant can still function
efficiently. The preferred height of Colorado turfgrass species such as Kentucky bluegrass
and long fescue is 2%z to 3 inches. The minimum height is 2 inches. Mowing grass to a
height of less than 2 inches can reduce drought and heat tolerance, and cause a higher
incidence of insect, disease and weed pest problems. “Scalping” is never recommended.
Lawns with little foot traffic can be mowed as high as 4 inches during the hottest months.

3. Leaving clippings on the lawn can be beneficial to the plants and save mowing time.
Clippings break down quickly, which allows nitrogen and other nutrients to be recycled.
Clippings can also encourage the growth of beneficial soil microorganisms. Studies show
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that it takes less time to mow more often and leave clippings on the lawn than to mow less
often and catch and bag clippings for disposal.

4. Keep grass clippings and leaves off of streets and out of gutters. Using a mulching lawn
mower to keep lawn clippings on the lawn is especially useful. Do not use a power blower to
blow clippings into the gutter.

5. Keep grass extra-long during the hot summer months to reduce water needs. Remember to
decrease irrigation when implementing this practice.

6. Mowing equipment should be well maintained. Sharpen blades several times per season.
Shredded or white tips of grass blades are an indication of a dull or damaged mower blade
that needs sharpening. Use the operating and service instruction manual provided with the
mower, and consistently perform the suggested maintenance. A competent service person
should thoroughly inspect the mower on a regular basis in accordance with manufacturer
specifications.

7. Mowing after (but not during) the hottest period of the day, watering the lawn following
mowing, and allowing the lawn to be dry for a day or two prior to mowing are all actions that
help to reduce lawn stress. Mowing results are best when the lawn is dry, but not stressed.

Regional or Industry Considerations/Adaptations
1. Mowing can be an effective practice for weed control in unmanicured areas.

2. For commercial lawn care maintenance companies, proper mowing can usually be
accommodated on the typical 7-10 day schedule, provided that the site is not over-fertilized
or over-irrigated.

Key References

Associated Landscape Contractors of America. 2003. Landscape Maintenance Training.
Herndon, VA: ALCA. (As of 2008, offered by Professional Land Care Network
[PLANET].)

Colorado State University Extension. 2001. Mowing Guidelines. Planttalk Colorado 1515
(www.ext.colostate.edu/ptlk/1515). Ft. Collins, CO: CSU.

Colorado State University Extension. 2001. Grass Clippings. Planttalk Colorado 1504
(www.ext.colostate.edu/ptlk/1504). Ft. Collins, CO: CSU.

Colorado State University Extension. 2001. Lawn Mower Maintenance. Planttalk Colorado
2015 (www.ext.colostate.edu/ptlk/2015). Ft. Collins, CO: CSU.

International Turf Producers Foundation. 2001. Water Right—Conserving Our Water,
Preserving Our Environment. Rolling Meadows, IL: ITPF.
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