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PREFACE

When I (Dr. Nick Christians) graduated from the Colorado State University School of
Forestry in 1972, I quickly found that employment opportunities were very limited in
my chosen field. Fortunately, I had taken courses in agronomy and horticulture, includ-
ing turfgrass management. I had also worked part time in the sod industry for two years
and had developed an interest in the turfgrass profession. The turf industry was boom-
ing in the early 1970s, and I found a job as an assistant golf course superintendent under
certified superintendent Tom Rogers at Flatirons Country Club in Boulder, Colorado.

I quickly found that the real world of broken irrigation heads, tight budgets, and
constantly changing greens committees was much different from the academic world of
quick, easy answers. I also found how little four years of college had taught me that I
would need to know. The next year I became the superintendent of Pueblo West Golf
Course in Pueblo, Colorado. This further opened my eyes to the reality of personnel
management and the political realities of the business world.

Later, I had the chance to go to graduate school and then to establish a teaching and
research program at lowa State University. I decided that my teaching would reflect the
realities that I had experienced in the industry and that my students would get as much
real-world exposure as they could through my teaching, through internships, and from
other practical experience.

This is the same philosophy infused into this text. While no academic course or
textbook will ever take the place of hands-on experience, there are perspectives that prac-
tical experience—and only practical experience—can bring to a book. When I began my
career on the golf course, I found many things that I wished I had been taught and that
I later had to learn on my own. Where possible, I have tried to incorporate those things
into my teaching and writing.

One of the most important of these was mathematics. Calculation of application
rates of fertilizers and pesticides, irrigation calculations, topdressing problems, and other
mathematically related subjects are an important part of every turfgrass manager’s job.
While some mathematical subjects are covered in this book, those who would like a more
in-depth coverage of the subject are directed to The Mathematics of Turfgrass Mainte-
nance, 4th ed., by N. E. Christians and M. L. Agnew (John Wiley & Sons, Hoboken,
NJ, 2008).

The primary objective of this book is to introduce the principles of turfgrass man-
agement. It begins at a level suitable for those just entering the field, but also contains
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viii PREFACE

beneficial information for experienced turfgrass managers. The goal is to present the
information in a straightforward way that readers can easily understand. There is an
emphasis on explaining why certain management practices are needed. Hopefully, the
text will help readers with a fundamental understanding of turfgrass management so that
they can adapt and apply what they have learned to the varied situations in the field.

This fifth edition contains extensive updates and significant revision. Two new
authors (Dr. Aaron J. Patton and Quincy D. Law, M.S.) add their field and research expe-
rience to enhance this new edition. Their additions and updates to each chapter provide
valuable insights. The text is updated throughout to reflect the latest research-based
information and trends in the turfgrass industry.

—Nick E. Christians

Specific changes to this edition include the following:

e Two new chapters (Chapter 1: Benefits of Turf and Its Management and
Chapter 12: Light Requirements and Shade Management)

e Multiple new and revised figures throughout the book

e Increased discussion and description of cool-season and warm-season turfgrasses
e Extra information on establishment methods and costs

e Updated information on soil testing and turf nutrition

e Expanded content on cultivation and sand topdressing

e Enhanced weed management information

e Added information on professional lawn care programs

e New information on fertilizers, herbicides, insecticides, fungicides, and plant
growth regulators
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CHAPTER 1

BENEFITS OF TURF AND ITS
MANAGEMENT

It is not difficult to find beauty in the natural world, especially when considering that
much of the splendor arises from living organisms. Though turf is usually not the focal
point of a landscape, it can cover a large portion of the managed landscape. In fact,
managed turf accounts for approximately 13,840 mi* (35,850 km?) in the United States
(Milesi et al., 2005). Turf and its management benefit the environment, society, and econ-
omy in addition to the beauty provided. These benefits are why turfis planted and utilized
in so many places in the landscape.

ENVIRONMENTAL BENEFITS

As a low-growing groundcover with an extensive, fibrous root system, turf benefits the
environment by improving the air (atmosphere), water, and soil. Given the interconnec-
tivity of an ecosystem, many of these benefits are collective. Further, managed turf is
usually located in urban and suburban environments where pollution is likely to occur.

Turf benefits the atmosphere. By absorbing atmospheric pollutants, turf is able to
improve air quality. An example currently of great interest is soil carbon sequestration.
Soil carbon sequestration is the use of green plants to capture atmospheric carbon diox-
ide via photosynthesis, which is then stored in the soil as organic carbon. Societies are
searching for ways to reduce atmospheric carbon dioxide concentrations, and carbon
sequestration is one such method (Follett et al., 2011). Soil carbon sequestration is a col-
lective benefit, as it both reduces atmospheric carbon dioxide and increases soil carbon
(discussed below). Grasses are also able to absorb other atmospheric pollutants, includ-
ing ozone, sulfur dioxide, nitrogen dioxide, ammonia, carbon monoxide, volatile organic
compounds, and lead (Stier et al., 2013). However, absorbing too much of some of these
pollutants can be detrimental to turf health.

Turf benefits water. Turfgrass plants increase the hydraulic resistance of moving
water, which reduces surface runoff (Ree, 1949; Gross et al., 1991). Reduced surface
runoft allows for greater water infiltration and subsequent groundwater recharge. As
water infiltrates and passes through the grass, thatch, and soil, it is filtered and cleansed
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2 FUNDAMENTALS OF TURFGRASS MANAGEMENT

by microorganisms that digest and degrade organic chemicals or pollutants (Beard and
Green, 1994). A buffer strip of Kentucky bluegrass has a similar groundwater recharge
rate as a mixed forb and grass prairie and results in a reduction in drainage water volume
compared to the absence of a buffer area (Steinke et al., 2009). Turfgrasses also act as
vegetative filter strips that reduce the amount of sediment transported to surface streams
and waters (Beard and Green, 1994).

Turf benefits soil. Turfgrasses can both conserve and improve soil by reducing sedi-
ment losses and adding organic matter to the soil. The extensive fibrous root system helps
to knit the soil together. This keeps the soil in place and helps to reduce erosion, dust, and
mud. Turf often allows otherwise unsuitable land to be utilized by communities, such as
a grassed hillside park and amphitheater (Figure 1.1). Additionally, the turnover of plant
tissue adds organic matter to the soil and thus increases soil carbon, nitrogen, and general
fertility. Soil organic matter also increases the water holding and cation exchange capaci-
ties of the soil. In fact, a high percentage of the world’s most fertile soils developed under
a native vegetation of grass (Gould, 1968). Soil carbon helps to increase soil aggregate
stability, decrease runoff and erosion, and improve water infiltration (Angers and Carter,
1996) as well as decrease soil bulk density (Blevins et al., 1983).

SOCIETAL BENEFITS

Societal benefits are also known as ecosystem services, which are the benefits people
obtain from ecosystems. In this case, it is the benefits people obtain from turfgrass
ecosystems. Turfgrass ecosystems are unique in that they usually bridge the gap between
disturbed and natural habitats.

Turf provides aesthetic value. A dense, lush turfgrass surface can grow into a
nearly perfect, carpet-like groundcover that is visually pleasing. As a part of numerous

FIGURE 1.1 The turf on Slater Hill on the Purdue University campus allows for a steep
sloping area to be used as a park and natural amphitheater.
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FIGURE 1.2 A concentriccircle pattern around these shrubsis achieved in the turf by using
turfgrass cultivars with different genetic color near Tiananmen Square in Beijing, China.

landscapes, turf provides green color for a large portion of the year. Some turfgrasses
still have ornamental value when dormant, such as the straw gold color of dormant
zoysiagrass (Zoysia spp.). Turfgrasses with different shades of green can even be used
to create a pattern in a turf sward (Figure 1.2). Though athletic fields are primarily
maintained for recreation, they are often mown into intricate patterns that provide a
very attractive appearance for major events (Figure 1.3). The low height of turf gives
a feeling of openness that cannot be achieved with trees or shrubs, and it can act as a
foreground and/or background for the focal points in a landscape.

Turf provides recreation. Golf courses, athletic fields, parks, and other areas are
often managed with recreation as the specific intent. Home lawns, courtyards, and indus-
trial areas are also used for recreational purposes. Turfgrasses provide a cushioning effect
that reduces injuries to participants when compared to poorly or nonturfed soils, espe-
cially in contact sports such as football, rugby, and soccer (Gramckow, 1968). Proper
turfgrass management is also relevant, as there is a substantial benefit of maintaining
quality turf for reducing the hardness of sports fields (Rogers and Waddington, 1992).
Turfgrasses have a greater ability to tolerate traffic and reduce surface hardness com-
pared to weeds such as large crabgrass (Digitaria sanguinalis) and white clover (Trifolium
repens) (Brosnan et al., 2014). Many of the recreational opportunities associated with turf
provide physical health and fitness benefits for humans as well.

Turf improves the living environment for humans. Through photosynthesis,
actively growing turf removes carbon dioxide from the air and produces oxygen in
return. Approximately 25 ft* of turfgrass produces enough oxygen for one person for
an entire day (Watschke, 1990). Turf is also able to dissipate radiant heat and provide
a cooling effect via evapotranspiration, which can dissipate roughly half of the sun’s
heat (Watschke, 1990). The structure and density of turf help to reduce noise and glare.
Turf absorbs jarring noises better than hard surfaces, and the multidirectional light
reflectance between the leaf surfaces reduces glare. Turf can also reduce noxious pests
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FIGURE 1.3 An intricate mowing pattern on a baseball field that provides aesthetic
appeal without influencing the playability. (Courtesy of Joey Stevenson)

and allergy-related pollens (Beard and Green, 1994), and it offers a less favorable habitat
for unwanted nuisance insects and disease vectors (Clopton and Gold, 1993).

Turf improves the mental health of humans. Compared to an urban walk along a
busy street, a nature walk through grasslands with scattered shrubs and oak trees lead
to decreases in anxiety, rumination, and negative emotions (Bratman et al., 2015). Addi-
tionally, organized recreational activities improve mental health, alertness, and resiliency
against stress (Street et al., 2007), which are often made possible by turf.

Turf provides a means of waste disposal and conservation. Biosolids are mainly
organic, solid materials produced by wastewater treatment processes. Biosolids contain
nutrients and thus can be used as a fertilizer. However, due to their origination, biosolids
can be high in heavy metals, pathogens, pharmaceuticals, and anything else flushed down
a toilet or rinsed down a drain. Further, sewage effluent or recycled water—the wastewa-
ter from sewage treatment facilities—is a source of irrigation water widely used for turf.
Forty-five percent of golf courses in the Southwest United States use recycled water to
conserve drinking water (Gelernter and Stowell, 2015). As such, turf is an ideal crop to
use biosolids as a fertilizer and recycled water for irrigation because it is not a food crop

and covers a large portion of the landscape where biosolids are produced and water is
recycled (urban and suburban areas).

ECONOMIC BENEFITS

Turf benefits the economy. The turfgrass industry provides employment, spends money
on inputs, earns income on the sale of turfgrass products and services, and pays taxes.
It is through these means that the turfgrass industry directly benefits the economy.
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The United States turfgrass industry generated an estimated $57.9 billion in revenue
and provided 822,849 jobs in 2002 (Haydu et al., 2006). These figures include sod farms,
lawn care services, lawn and garden retail stores, lawn equipment manufacturing, and
golf courses. Sports turf, which was not included in the study, benefits the economy in
many of the same ways. There are other economic benefits, including increased home
values. Behe et al. (2005) found that perceived home value increased by 5 to 11% for
homes with a good landscape.

NET BENEFITS

The use of irrigation, fertilizers, pesticides, and frequent mowing for maintaining turf
is often viewed negatively. Though these practices can have a detrimental impact on the
environment, they can also enhance the benefits of turf and its management. For example,
phosphorus (P) is often the limiting nutrient for algal growth in aquatic ecosystems, so
P fertilization is often banned or not recommended for turf. However, P is often neces-
sary for proper turfgrass establishment. Once established, the turf will help reduce soil
erosion, which will keep the soil and P in place. Thus, it is important to consider the net
benefit of the turf and its management. A single P fertilization event at the time of estab-
lishment will likely have much less of a negative impact than the continuous erosion of a
P-laden soil.

In addition to the net benefit, the context of the benefits should be considered. As
in, to what is the turf being compared? The benefits of turf are more pronounced when
compared to impervious asphalt or concrete versus comparing turf and a tallgrass prairie
or hardwood forest. Further, the level of maintenance for the turf can have a major impact
on both the context and net effect of each benefit.

The focus of the remainder of this textbook is on the proper management of turf.
Learning the fundamentals of turfgrass management will help to improve the quality and

sustainability of managed turf. Properly managed turf provides the greatest environmen-
tal, societal, and economic benefits.
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