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ABSTRACT OF DISSERTATION

INVESTIGATIONS INTO THE HOME LAWN CARBON BALANCE AND
IMPROVING THE EFFICACY OF T-PHYLLOPLANINS FOR COMBATING
TURFGRASS DISEASES
Over the past couple of decades, there has been an increased interest in evaluating
the environmental impacts of some turfgrass management practices. Two independent
studies were conducted to examine different questions of turfgrass management impacts
and sustainability. The first study examined the inputs and outputs of four different
turfgrass home lawn systems. Two of these systems were designated as high
maintenance and were composed of either a pure stand of Kentucky bluegrass (Poa
pratensis L.) or tall fescue (Festuca arundinacea Schreb.). The other two systems were
designated as low maintenance and were composed of either a pure stand of zoyisagrass
(Zoysia japonica Steud.) or a mixed species endemic polystand. Soil samples were taken
yearly from each plot and analyzed to determine total carbon content. Results from this
study indicated carbon and nitrogen pools were not significantly different between the
four systems but depth of sampling was significant.
For the second study, various formulated surfactants were examined to determine
if they could enhance the fungicidal activity of a protein washed and concentrated from
tobacco leaves (Nicotiana tabacum L.) that has been shown to be effective in combating
foliar-infecting turfgrass diseases in previous studies. Since previous studies indicated
the protein was most effective at high concentrations when applied every seven days, it
was hypothesized a surfactant may allow the protein to perform as well for a longer
period of time or at lower concentrations. The efficacy of the protein against a root
infecting pathogen (Ophiosphaerella korrae) was also examined. Results from this study
indicated a water based surfactant may allow solutions of the protein applied every 14
days to perform similarly to solutions of the protein alone applied every 7 days without a
surfactant against Sclerotinia homoeocarpa F. T. Bennett. Also, the protein did appear to
be somewhat effective in combating the root infecting pathogen tested in this study when
applied on a schedule similar to current commercial fungicide recommendations.
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Preface
Turfgrasses make up an important part of the United States landscape with the
total area of lands occupied by these grasses estimated to be three times larger than the
space occupied by irrigated crops (Milesi et al., 2005). These grasses are composed of
many different species and are found in many different areas such as home lawns, golf
courses, parks, and athletic fields. Since turfgrasses are so prevalent within the United
States, it is important to ensure that our management methods for these grasses are
sustainable and that the uses of turfgrasses have positive benefits beyond simple aesthetic
appeal such as ecosystem benefits like sequestering carbon.
Recent reports of increases in the world’s temperature, which continues to climb,
have linked this occurrence to the increasing use of fossil fuels which contribute to
increasing greenhouse gases in our atmosphere (EPA, 2014). In an effort to reduce
greenhouse gases in the atmosphere, numerous studies have examined the ability of
turfgrasses to sequester carbon and what species and management practices allow for the
greatest storage potential (Qian and Follett, 2002; Qian et al., 2010; Townsend-Small and
Czimczik, 2010). In addition to examining how much carbon turfgrass systems can store,
it is also important to examine the cost of the inputs that go into maintaining these
systems (Selhorst and Lal, 2013). One component of these inputs is the use of pesticides,
such as fungicides, which may be applied several times throughout the growing season
depending on the level of maintenance being used.
Fungicide applications can be made to adequately control many turfgrass diseases
(Vincelli and Munshaw, 2013). The frequent use of synthetic fungicides, however, has
led to health and resistance issues (Lebailly et al., 1997; Bishop et al., 2008). These
concerns have led to investigations into the use of biological control agents for some
xiii

turfgrass diseases, although none to date have provided consistent, excellent control
(Zhou and Boland, 1998; Boulter et al., 2002; Han et al., 2005). A recent natural product
that has shown some promise against certain turfgrass diseases, though, is a spray
solution containing a tobacco protein termed T-phylloplanin (King, 2011).
Based on the important ability of turfgrass systems to sequester carbon within
plant tissues and the soil, and the need to find alternative, sustainable ways to combat
turfgrass diseases, the following study was conducted. The objectives of this work were
to determine changes in the total carbon pool over time and input emission values for
four different turfgrass systems in the transitional climatic zone and to determine if the
efficacy, and thereby benefit, of using T-phylloplanins could be improved by using
surfactants in solutions of this protein.
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Chapter One
Turfgrass Carbon Balance Study
Literature Review
Introduction
Innovations during the past 200+ years have brought about many beneficial
changes for society. Increased understanding and usage of fossil fuels have played large
roles in the creation and expansion of many of these innovations. Not only have fossil
fuels been used to directly power many things such as automobiles, they have also been
used as other energy sources, i.e. production of electricity. While the benefits of fossil
fuel usage have indeed been great, there have also been side effects as well, some of
which are becoming more and more apparent as time goes on. Perhaps the most serious
of these side effects is a change in the world’s climate.
According to the United States Environmental Protection Agency (EPA), there
has been an increase in the world’s average temperature of approximately 0.8 °C during
the past 100 years (EPA, 2014). While this may not seem like a major change
numerically, it has already affected the world’s climate by altering factors such as rain
patterns. The projected temperature increase for the next 100 years is even greater (EPA,
2014). Although this trend in increasing temperatures is alarming, there is hope that it
can be slowed down or reversed since much of it is believed to be caused by the actions
of humans and our increasing use of fossil fuels which contribute to increasing
greenhouse gases in our atmosphere. Greenhouse gases are gases such as carbon dioxide,
methane, nitrous oxide, and water vapor. These gases remain in our atmosphere and trap
heat which in turn increases the world’s temperature and thus affects climate.
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While the release of greenhouse gases into the atmosphere occurs naturally as a
product of the biological cycles of many organisms and from some geologic features such
as volcanoes, it has been concluded that the actions of mankind are having a far greater
impact (EPA, 2015). The combustion of fossil fuels releases a large amount of carbon
dioxide which in 2013, “accounted for about 82% of all U.S. greenhouse gas emissions
from human activities.” (EPA, 2015). These carbon dioxide emissions are mainly
coming from transportation vehicles and the production of electricity but also from
industrial processes and residential and commercial activities as well (EPA, 2015). In an
Emission Facts report, the EPA (2005) reported that a gasoline engine releases 8.8 kg
CO2 gallon-1 of fuel and a diesel engine releases 10.1 kg CO2 gallon-1 of fuel. Since
carbon dioxide has been determined to be the major greenhouse gas released by human
activity, scientists have been working on methods to reduce carbon dioxide emissions
into the environment.
Reducing Carbon Dioxide in the Atmosphere
It could be concluded that the best way to reduce carbon dioxide concentrations in
the environment would be to drastically reduce the usage of fossil fuels. Since so many
things require the combustion of fossil fuels, however, it is doubtful this is possible in the
near future. Many studies have been conducted over the past 20 years to investigate
methods to reduce carbon dioxide levels in the atmosphere. One method is to sequester
the carbon. Carbon sequestration involves collecting new carbon emissions or carbon
already present in the atmosphere and storing it so that it is prohibited from entering, or is
removed from, the environment. One method of sequestration is to collect carbon
dioxide emissions from industrial complexes and pump it deep within the earth (EPA,
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2013). While this is beneficial for mitigating carbon emissions from one source, at
present it cannot capture carbon dioxide from other sources such as automobiles which is
another concept still being investigated (Lackner et al., 2012). Another way to sequester
carbon is to capture it from the atmosphere with actively growing trees or plants which
ultimately becomes a component of soil organic matter. Since plants store carbon in their
tissues and within the soil in the form of organic matter, there is increasing interest in
specifically managing certain plants to sequester more carbon and thus lower atmospheric
CO2 levels.
When examining the effect of plants on the concentrations of carbon dioxide, land
use must be considered. According to Lal (2009), the conversion of prairies into crop
lands over time has had a negative effect on soil carbon sequestration. The author
describes how this is related to tillage practices which can contribute to loss of organic
matter through issues such as erosion as well as the removal of crop residues. Jelinski
and Kucharik (2009) examined different ecosystems in a floodplain in Wisconsin that
were established prairies, cropland, or prairies that had been restored. They reported that
prairie soils had higher levels of soil organic carbon (SOC) in the top 10 cm than
cropland soils. Also, they reported that SOC was higher in restored prairie soils that were
at least seven years old than in cropland soils. Prairie soils can also be impacted by the
invasion of woody plants. McCulley and Jackson (2012) examined, among other things,
how soil carbon was affected by the encroachment of woody plants into grassland areas.
They reported 20% less soil carbon in the woodland areas compared to grasslands.
In addition to the studies conducted on the effects of converting grasslands to
croplands, other workers have examined the effects of altering cropping management
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practices on agriculture soils. Sperow et al. (2003) used data from several sources to
estimate the effect of tillage practices on agriculture soils. They reported that cropland
soils have the potential to sequester more carbon under reduced tillage or no-tillage
protocols. They also reported increased SOC when winter cover crops were used or
when arable land was converted to grasslands. Watts et al. (2011) conducted a similar
analysis in Montana and concluded that the previously stated changes in cropland soils
could offset a small amount of the carbon dioxide emissions there.
While examining the carbon storage ability of croplands is valuable, it is also
important to examine the costs of maintaining these lands. Lal (2004) analyzed metadata
from several literature sources to define the amount of carbon emitted during the use of
various types of farm equipment, and reported full conventional tillage emits the highest
average carbon amount of 35.3 kg CE (carbon equivalents) ha-1 compared to other tillage
methods. Only the transport and use of irrigation water had the potential for higher
emission values. Evaluation of most other farm practices resulted in much lower average
values such as 6.3 kg CE ha-1 for applying herbicides and 1.3 kg CE ha-1 for a nitrogen
fertilizer application.
Turfgrass Carbon Sequestration
Thorough consideration of the effects of cropland management on carbon
emissions and sequestration is certainly important. The value of these lands to humanity
from producing necessary agriculture commodities is immeasurable. However, the total
amount of cropland in the United States is small relative to other land uses with only 18%
of the total U.S. land space being dedicated to crop production (Nickerson et al., 2011.).
Another land use that is important to study is permanent cover by turfgrasses. Lands
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covered by turfgrasses are estimated to total 16 million hectares in the United States
which is three times greater than the amount of land covered by irrigated crops (Milesi et
al., 2005). Due to the large amount of land managed as permanent turfs, as well as the
high levels of maintenance that go into many turfgrass systems which can lead to large
amounts of greenhouse gas emissions, several studies have been conducted examining the
effects of turfgrass management practices on carbon emissions and sequestration.
A good starting point for investigations into turfgrass carbon sequestration is with
golf courses since they represent the highest levels of turfgrass management. Qian and
Follett (2002) examined the past soil test results from 16 different golf courses to
determine how much carbon was being sequestered over time. They reported that of the
areas they evaluated, fairways sequestered 0.82 Mg C ha-1 year-1 while greens
sequestered 0.91 Mg C ha-1 year-1 during the first 25-30 years after establishment.
Selhorst and Lal (2011) compared carbon sequestration values to emissions for
maintenance of golf course fairways. They reported sequestration in fairways at
3.55±0.08 Mg C ha-1 year-1 and that once maintenance emission values were factored in,
golf courses would become carbon sources within 30 years. A study by Lopez-Bellido et
al. (2010) examined the effects that two plant growth regulators (paclobutrazol and
trinexapac-ethyl) and nitrogen applied to creeping bentgrass (Agrostis stolonifera L.)
fairways had on soil carbon. They reported an increase in soil organic carbon levels
when a plant growth regulator and nitrogen were applied.
In addition to golf courses, it is also necessary to examine carbon sequestration on
home lawns due to the vast differences in management practices that can occur between
these two types of land uses. Kaye et al. (2005) compared urban lawns of mainly
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Kentucky bluegrass (Poa pratensis L.) to two crop plants which were corn and wheatfallow and also to a shortgrass steppe. Their data showed urban lawns stored the most
carbon compared to the other ecosystems and concluded conversion to urban ecosystems
can increase carbon storage in dry, Front Range ecosystems. Huyler et al. (2014a),
studied the effects of several yard characteristics on soil carbon under either zoysiagrass
(Zoysia japonica Steud.) or bermudagrass (Cynodon dactylon L.) lawns. The
characteristics examined were the age of the lawn, the maintenance practices, soil
nitrogen levels, and soil texture among three depths of soil. The authors reported older
lawns had higher levels of soil carbon in the top 15 cm with the middle depth declining in
carbon and the bottom depth examined having fairly constant low carbon levels. The
authors also reported soil texture and yard management practices did not affect soil
carbon. Nitrogen fertility, however, had a positive relationship with soil carbon. They
reported lower soil carbon values than reported by other studies, but attributed
differences to the climate where their test was located.
Kong et al. (2014) examined turf maintenance and compared the carbon cost of
that maintenance to what is being stored in the soil for several warm season turfgrasses in
Hong Kong. They reported that turf maintenance practices resulted in total emissions in
the range of 0.17 to 0.63 kg Ce (carbon emissions) m-2 year-1 and storage ranged from
1.26 to 4.89 kg C m-2 in the top 15 cm of the soil. Storage values decreased as depth
increased. This data clearly showed the test sites of this study to be sinks for carbon but
the authors concluded that over time they had the potential to become sources depending
on management practices used. Townsend-Small and Czimczik (2010) also compared
the carbon emission cost of maintenance practices to carbon storage in California on four

6

parks consisting of both athletic fields and ornamental lawns. Using the EPA (2005) and
Lal (2004) estimates, they concluded that the fuel usage emissions from management of
the areas in their study was substantially greater than the amount of carbon sequestered in
the ornamental lawns. They also estimated the amount of carbon stored in the athletic
fields to be negligible due to frequent renovation.
In addition to studies examining the effects of maintenance practices on lawn turf
carbon sequestration or emissions, other studies have focused on aspects such as cultivar
or climate. A study conducted by Qian et al. (2010) examined the effects of different
turfgrass species, which were a fine fescue mixture (Festuca brevipila [R. Tracey] and
Festuca ovina [L.]), Kentucky bluegrass, and creeping bentgrass, on soil organic carbon
levels. They reported that in their four year study, the three grass types performed
differently when managed similarly, with the irrigated fine fescue mixture and creeping
bentgrass having higher carbon sequestration rates than irrigated Kentucky bluegrass or
un-irrigated fine fescue. Selhorst and Lal (2012) examined the effects of climate and soil
properties on carbon sequestration in home lawns located in 16 different areas across the
United States. They found the highest soil organic carbon levels occurred in areas with
soils that were high in nitrogen, had moderate bulk density, and were in areas where the
climate consisted of low annual average temperatures and moderate annual rainfall. Soil
texture was not found to have any effect in their study. In a follow up study, Selhorst and
Lal (2013) used the same 16 locations from the previous study to compare sequestration
values to maintenance carbon emissions including irrigation and fertilizer which they
termed hidden carbon costs. Using data from the 16 locations, they reported an average
lawn sequestration rate of 2.8±0.3 Mg C ha-1 year-1 and also an average sink capacity for
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the locations of 45.8±3.5 Mg C ha-1. Once the hidden maintenance carbon costs were
factored in, they concluded that in time the maintenance costs could exceed sequestration
rates and that less intensive management should be used for optimal gains in carbon
storage.
Due to the complexities of directly determining carbon inputs, outputs, and
sequestration, especially over long periods of time, several studies have used models to
determine carbon balances or changes in carbon over time. Bartlett and James (2011)
created a model to examine if a golf course in the United Kingdom was a source or sink
of carbon. From their model, they concluded the golf course was a net sink of carbon
even though select areas of the course that were heavily managed were sources of carbon.
They reported this was due to the diversity of the species of plants growing on the golf
course which included many trees and may not apply to other golf courses.
Bandaranayake et al. (2003) examined the ability of the CENTURY model to predict soil
organic carbon dynamics over time and found this model to correlate fairly well to actual
historic soil test data for fairways with a regression value of 0.67 and very well with
putting green data with a regression value of 0.83. In another study, Qian et al. (2003)
used the CENTURY model to predict the effects of collecting/returning clippings and
nitrogen on soil organic carbon, among other factors. Based on the model, they predicted
that returning clippings to the turf can increase carbon sequestration compared to
collecting clippings. Zirkle et al. (2011) developed a model to determine the net organic
carbon soil sequestration rates of three different lawn management practices. From their
model they found net sequestration values of 25.4-114.2 g C m-2 year-1, 80.6-183 g C m-2
year-1, and 51.7-204.3 g C m-2 year-1 for the low, middle, and high maintenance
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programs, respectively. In all three cases, they concluded lawns could be sinks for
carbon. It is interesting to note that among the values reported by Zirkle et al. (2011), the
high maintenance program resulted in the highest potential sequestration of C. It is also
important to note that this is empirical data and not actual data.
Since turfgrass systems often are placed where trees used to be present or are still
in close proximity, several studies examined the role that trees play in the carbon balance
of turf systems. As part of their study, Wang et al. (2014) compared the soil carbon
levels of a golf course with a section established for 10 years, a section established for 80
years, and a nearby pine forest. Their results showed less soil carbon in the 10 year old
section but more carbon in the 80 year old section compared to the pine forest. From this
and other observed results, they concluded long term management of golf courses could
increase soil carbon levels. Campbell et al. (2014) examined several home lawns that
used to be under forest and found there to be little difference in carbon sequestration rates
of lawn versus forest soil in the top 30 cm. Huyler et al. (2014b) examined the effects of
trees on soil carbon values and reported that trees seemed to have little effect on soil
carbon in the top 15 cm but may help stabilize levels of carbon at deeper depths.
All of the previous studies focused mainly on soil carbon amounts. In a review of
carbon in turfgrass systems, it is also important to consider gases that can be produced by
and escape from turf systems. Zhang et al. (2013) used the DAYCENT model to
examine nitrous oxide emissions from turfgrass. This gas can be released through
fertilization and natural events. Using the model, they reported that a reduction in
fertilizer applications as a lawn becomes older could potentially have a significant impact
on reducing nitrous oxide emissions from Kentucky bluegrass. Allaire et al. (2008)
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examined the effect that management practices have on carbon dioxide emissions from
grass plants. They reported that among the management practices they evaluated,
mowing frequency had the largest impact on grass carbon dioxide emissions with
frequently mowed turf releasing the most carbon dioxide. Weber (2014) examined three
different turfgrass management systems and found no difference in the levels of carbon
dioxide, nitrous oxide and ammonia released from these systems.
Objectives
Based on the studies published to date, it is clear that there is much to consider
and evaluate in regards to the carbon sequestration ability of turfgrasses. Current studies
have revealed that turfgrasses do sequester an important amount of carbon and that the
amount sequestered can vary depending on factors such as site usage and management
practices (Selhorst and Lal, 2011; Selhorst and Lal, 2013). Studies have also revealed
that the amount of greenhouse gases emitted during maintenance of turfgrasses may or
may not be greater than the amount of carbon sequestered by the turfgrasses (TownsendSmall and Czimczik, 2010; Zirkle et al., 2011). With the exception of the Zirkle et al.
(2011) study, however, most of the work conducted thus far has focused on selectively
altering a few management practices or keeping the management practices consistent
without actually investigating and comparing different turfgrass management systems for
their carbon storage abilities.
The main objective of this work was to examine the total soil carbon values of
four different turfgrass systems in the transitional climatic zone that were managed under
high or low intensities. The second objective was to determine the carbon emissions
from the management practices used for each turf system and compare these emission
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values to the carbon storage values to determine if there was a net gain or loss of carbon
for each system.
Materials and Methods
Study Location
This study was established in 2012 and located at the A. J. Powell, Jr. Turfgrass
Research Center on the University of Kentucky’s Spindletop Research Farm in Fayette
County, Kentucky. The soil type was a Maury silt loam (fine, mixed, mesic, typic,
Paleudalf). Prior to establishment of this trial, the test site had been left fallow (in grass
mowed as pasture) for many years; the exact period is unknown and undeterminable, but
is greater than 25 years.
Site Preparation, Establishment, and Experimental Design
The entire test location area was sprayed with glyphosate at a rate of 0.45 kg a.i.
(active ingredient) ha-1 on 29 March 2012. After 7d, the site was roto-tilled and irrigation
was installed with heads placed at the corners of each plot. The soil was finished with a
Blecavator (BLEC [Global] Ltd., Crowland, Peterborough PE06 0FB). Areas between
experimental plots (alleys) were 19.8 m wide and were seeded with either Kentucky
bluegrass or tall fescue as utility turfs. On 20 April, Kentucky bluegrass and tall fescue
sod (KB and TF, respectively) was purchased from a local sod farm and planted by their
staff on the appropriate plots. The KB sod was a blend of 25% ‘Everglade’, 25% ‘Total
Eclipse’, 25% ‘Everest’, and 25% ‘NuGlade’. The TF sod was a blend of 50% ‘Inferno’
and 50% ‘Quest’. On 25 April, ‘Compadre’ zoysiagrass sod was cut from a location at
the UK Turf Research Center and planted on the appropriate plots. That same day, sod
was cut from areas immediately adjacent to the test area. These areas had not been
fertilized or sprayed with chemicals and were mowed at a height of 6.3 to 7.6 cm
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approximately once per week for at least 25 years. This sod was planted on the
remaining plots, was considered to contain many plant species, and was denoted as an
endemic polystand. The same sod company that planted the TF and KB sods harvested
and planted the zoyisagrass and endemic polystand sods.
For the remainder of 2012, the plots were managed to maintain turf vigor, and
encourage permanent establishment. This involved an application of urea (46-0-0) at a
rate of 36.62 kg N ha-1 to all plots on 16 May and irrigation as needed throughout the
season to prevent visible drought stress. Due to encroachment of bermudagrass in the
zoysiagrass plots, four herbicide applications were made in an attempt to encourage the
zoysiagrass to out-compete the bermudagrass. A combination of fenaxaprop-p-ethyl at a
rate of 0.15 kg a.i. ha-1 plus triclopyr at a rate of 1.13 kg a.i. ha-1 was applied on 12 July,
24, July, 14 August and 29 August to all zoysiagrass plots. A nonionic surfactant
commercially labeled as ‘Induce’ [Helena Chemical Company, Collierville, TN] was also
added to the tank at the highest labeled field rate of 2.5 mL L-1. Beginning in 2013, all
plots were managed from that point forward based on the treatment parameters defined
by the study.
The experimental design for this study as a whole was a randomized complete
block with four treatments per replication and three replications. Plot size was 19.8 x
19.8 m. Treatments consisted of two general lawn management systems which were low
and high maintenance (LM and HM, respectively), each imposed upon two types of
turfgrasses. High maintenance regimes were applied to KB and TF plots. Low
maintenance regimes were applied to the zoysiagrass and endemic polystand plots. The
KB and TF plots received scheduled irrigation throughout each growing season as well as
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at least four scheduled synthetic chemical applications annually. Applications in addition
to the scheduled program (unscheduled applications) were made based on pest
occurrences. Endemic polystand plots never received irrigation, synthetic chemicals, or
fertilizer after the establishment phase. Zoysiagrass plots never received irrigation or
synthetic chemicals, other than for re-establishment (discussed later), but did receive
some fertilizer.
It is imperative to note here that we were investigating potential differences
between LM and HM lawn maintenance systems, and not among species of grasses under
different maintenance regimes. We are not investigating differences between stands of
KB and TF under HM or zoysiagrass and endemic polystands under LM. We were
directly investigating potential differences between LM and HM systems that were each
imposed upon two types of turfgrass stands.
The synthetic chemical applications to HM plots consisted of a professional lawn
care company’s normal application program. All applications were contracted by the
Burley Belt Lawn Service, Inc. located in London, Kentucky. This contract was
established so that HM plots were maintained by the same practices and equipment used
by industry professionals and by the same company throughout the study. All HM plots
received the same applications by Burley Belt on each scheduled spray date which totaled
at least four applications each year. Unscheduled applications were necessary in both
years. All chemical applications were made from a large truck-mounted tank which was
attached to a smaller tank with an injection system for spot applications. The spray
equipment was powered by an external electric supply. Because of the auxiliary electric
power to the spray system, the truck’s gasoline engine was not running while the spray
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applications were made. The spray system operated in a range of 138 – 276 kPa with the
system turning on when the pressure dropped to the bottom of the range and off if the
pressure hit the top of the range. The operator paced his walking speed so that sprayer
rate was 407 L chemicals ha-1.
The following applications were made in 2013: 29 March, prodiamine at a rate of
1.19 kg a.i. ha-1 was applied to each plot with a three-way broadleaf herbicide containing
2,4-D, mecoprop-p, and dicamba being applied at a rate of 4.8 L of formulated product
ha-1 as a spot treatment for broadleaf weeds which amounted to 1.36 kg 2,4-D ha-1, 0.36
kg mecoprop-p ha-1, and 0.12 kg dicamba ha-1. The second application was made on 22
May and contained the same three-way broadleaf herbicide but was applied to the entire
area of each plot. The third application was made 2 July and contained MSMA at a rate
of 2.53 kg a.i. ha-1 applied to the entire area of each HM plot to control dallisgrass
(Paspalum dilatatum Poir.) that was present in several plots. On the same date, the threeway broadleaf herbicide was again applied at the same rate as before as a spot treatment
for broadleaf weeds. It was necessary to make an additional application to dallisgrass for
acceptable control. An unscheduled extra application of MSMA at 2 kg a.i. ha-1 occurred
on 12 July. The fourth scheduled application was made on 12 September. Prodiamine
was applied at a rate of 0.8 kg a.i. ha-1 to HM plots with the three-way broadleaf
herbicide at the previous rate applied as a spot treatment to broadleaf weeds.
For 2014, the first two chemical applications which occurred on 18 March and 30
April were identical to the first two applications made in 2013. The third and fourth
applications for 2014 occurred on 27 June and 27 August and used a four-chemical
mixture of quinclorac, sulfentrazone, 2,4-D, and dicamba at a rate of 8.8 L formulated
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product ha-1 which amounted to 0.53 kg quinclorac ha-1, 0.07 kg sulfentrazone ha-1, 0.93
kg 2,4-D ha-1, and 0.10 kg dicamba ha-1 and was applied to the entire area of the HM
plots due to a persistent yellow nutsedge (Cyperus esculentus L.) problem. Also, on 17
July an extra, unscheduled application of the four chemical mixture of quinclorac,
sulfentrazone, 2,4-D, and dicamba at the previously stated rate was applied to only the
Kentucky bluegrass plots due to the severity of yellow nutsedge.
As part of the company’s normal lawn management program, Burley Belt also
made fertilizer applications to HM plots. The majority of fertilizer was applied in
autumn. Granular fertilizers were applied as a pre-packaged blend (34-0-4; Advanced
Turf Solutions, Fishers, IN) by a push-type rotary spreader at a rate of 287.1 kg ha-1
which resulted in 97.6 kg N ha-1 on 3 October 2013. This late-year fertilizer application
did not occur in 2014 due to the discontinuation of this study. In addition to the large
fertilizer application in 2013, urea (46-0-0) was added into the spray tank for most
chemical applications made by Burley Belt during the two years with the exception of the
two unscheduled applications on 12 July and 17 July in 2013 and 2014, respectively. The
added urea amounted to 12.2 kg N ha-1 per application. In total, 146.5 kg N ha-1 and 48.8
kg N ha-1 was applied to HM plots in 2013 and 2014, respectively.
In addition to the applications made by Burley Belt Lawn Service, it was also
necessary to make additional chemical applications in 2014. These applications were
necessary due to weed and disease pressure in the HM plots. In July, symptoms
consistent with summer patch disease (Magnaporthe poae [Landschoot and Jackson])
were observed within the Kentucky bluegrass plot in the first replication. This was
confirmed by the University of Kentucky Disease Diagnostic Lab. Since the disease
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affected 35-40% of the plot, it was decided to make a fungicide application to all
Kentucky bluegrass plots. Since Burley Belt Lawn Service does not spray fungicides, we
applied the fungicide using a turf sprayer at the A.J. Powell, Jr. Turfgrass Research
Center. On 29 July and 25 August, azoxystrobin at a rate of 0.61 kg a.i. ha-1 was applied
to the plots. Also in late August, symptoms consistent with brown patch disease
(Rhizoctonia solani [Kuhn]) were observed affecting approximately 25% of the tall
fescue plot in the second replication. This also was confirmed by the University of
Kentucky Disease Diagnostic Lab and azoxystrobin was applied at the previously stated
rate to all tall fescue plots on 8 September.
As previously mentioned, there was a large problem with yellow nutsedge in 2014
as well. Although several attempts were made by Burley Belt Lawn Service to control
this problem, it persisted and therefore it was decided to make an application of
sulfentrazone at a rate of 0.27 kg a.i. ha-1 to just the Kentucky bluegrass plots on 8
September. Both the azoxystrobin and sulfentrazone applications in 2014 were all made
using an International Cub Cadet tractor (International Harvester Company, Canton, IL)
with a 90 L attached tank equipped with a 4.6 m-wide spray boom. Applications were
made at a pressure of 172.4 kPa and a carrier rate of 225 L ha-1. Since this sprayer was
powered by the gasoline engine on the tractor, gasoline usage was determined. This was
done by draining the gasoline from the tank of the tractor, allowing the engine shut off
from lack of fuel, and then refilling the tank with 946 mL of gasoline. The tractor was
then elevated to allow the drive wheels to be put in motion at the speed used for making
spray applications without actually moving the tractor. A continually-running water hose
was placed into the spray tank and the engine, pump, and nozzles then turned on to
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simulate normal spray conditions. A stopwatch was used to record the time it took for
the engine to consume the fuel. This process was replicated three times to determine how
long it took the engine to consume a specific amount of gasoline. The amount of time
required to spray a plot was also determined using the stopwatch and this process was
also replicated three times.
Mowing Procedures
For both years, all plots in the trial were mowed using a Toro Z Master Z500
mower (Toro Company, Bloomington, MN) set at a 7.6 cm mowing height. In order to
ensure that plots were mowed to prohibit stress by scalping, mowing was initiated when
the mean height of all plots of a type of grass was equal to 10.2 cm. Therefore, each type
of grass was mowed based on the mean height of each replication of that type of grass
which often resulted in different types of grasses being mowed on different days. To
determine the mean height of each grass type, a rising plate meter was used to record the
height at 5 random sites within each plot. The five height measurements from each
replication of a grass treatment were then averaged to determine the mean height for that
grass type. If the mean height was equal to or greater than 10.2 cm, all replications of
that turf type were mowed that day.
At the conclusion of the study, the fuel usage of the mower was determined by
completely emptying all fuel from the two mower tanks and fuel lines and then adding
946 mL of gasoline to each tank. The mower was then started and immediately brought
to full throttle and the mower blades engaged. At the same time, a stopwatch was started
and the mower was used to mow non-experimental turf areas until the engine consumed
the fuel at which point the elapsed time was recorded. This procedure was replicated
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three times to determine how much gasoline the engine consumed. Additionally, the time
required to mow an experimental unit (plot) vertically, horizontally, and diagonally was
determined, replicated three times and recorded.
Mowing event data for 2013 and 2014 were analyzed with PROC GLM of SAS
version 9.3 (SAS Institute Inc., Cary, NC) with treatments being separated by LSMEANS
at p≤0.05.
Irrigation
In order to maintain high quality turf in the HM plots, irrigation was required.
Irrigation decisions (when to irrigate and how much to apply) were based on a deficit
irrigation program. Ervin and Koski (1998) reported maintenance of high-quality tall
fescue and Kentucky bluegrass turf by this method. They measured evapotranspiration
every three days and then replaced 60% of the determined water loss for tall fescue and
80% of the water loss for Kentucky bluegrass, after accounting for precipitation totals
during the same time period. In our study, water output for the irrigation heads was
determined by placing five equally spaced rain gauges in a diagonal line across a plot and
determining how much water was collected in a set period of time. This was replicated
twice then used to determine how much total water the four irrigation heads in each plot
were applying each minute. In 2013, monitoring of evapotranspiration and irrigation of
the plots began 13 July and ran until frost was forecasted which was 23 October. In
2014, the irrigation period began 4 May and concluded 31 October.
The two month delay in initiation of the water replacement system in 2013 was
due to erroneous ET data collection. Initially, ET data was collected from the University
of Kentucky weather station website derived from equipment located very close to the
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experimental site. Over time, it became apparent that the ET data from the UK weather
station was being extrapolated and was not reliable for research purposes. An ETgage
Model E (Etgage Company, Loveland, CO) evapotranspiration meter with a HOBO
pendant data logger (Onset Computer Corporation, Bourne, MA) was purchased and
installed in an alley near the center of the experimental area. Evapotranspiration data
collection by this method and by the protocol published by Ervin and Koski (1998) began
13 July 2013.
Irrigation data for 2013 and 2014 were analyzed with PROC GLM of SAS
version 9.3 (SAS Institute Inc., Cary, NC) with treatments being separated by LSMEANS
at p≤0.05.
Zoysia Re-Establishment
As previously stated, the zoysiagrass plots were contaminated with bermudagrass
in 2012. Despite efforts to control this problem, bermudagrass was still a major issue as
the zoysiagrass plots began to exit dormancy in 2013. On 10 July, glyphosate was
applied to all zoysiagrass plots at a rate 0.45 kg a.i. ha-1. The sod was then cut from the
entire area of all zoysiagrass plots and hauled away. On 26 July, ‘Meyer’ zoysiagrass sod
purchased from a local sod company was delivered and installed. Fertilizer was applied
on 31 July and 21 August as urea at a rate of 48.8 kg N ha-1 on both dates to encourage
successful establishment. Due to broadleaf weed problems, the zoysiagrass plots were
sprayed with a three herbicide mix of mecoprop-p, 2,4-D, and dicamba formulated for
bentgrass (Agrostis spp.) on 2 October at a rate of 4.1 L formulated product ha-1 which
amounted to 0.35 kg mecoprop-p ha-1, 0.21 kg 2,4-D ha-1, and 0.09 kg dicamba ha-1. On
5 November the sod was again sprayed with the same three herbicide mix but at a rate of

19

4.7 L ha-1 which amounted to 0.41 kg mecoprop-p ha-1, 0.25 kg 2,4-D ha-1, and 0.10 kg
dicamba ha-1 and with prodiamine at a rate of 1.17 kg a.i. ha-1. In 2014, no chemicals
were applied to the zoysiagrass, but a fertilizer application of urea was made on 25
August at a rate of 161.1 kg ha-1 which amounted to 73.2 kg N ha-1. This was deemed
necessary due to very low turfgrass quality ratings attributed mostly to very poor
turfgrass color ratings.
Other Field Response Variables
In addition to the mowing and irrigation data collected from each plot, several
other response variables were measured. Visual evaluations of turfgrass quality were
recorded once per month using a scale of 1-9, with 1 representing dead or dormant grass
and 9 equal to what might be considered near perfect in all aspects – color, density, and
texture. The time period for these observations ranged from 12 April to 28 October in
2013 and from 1 April to 3 November in 2014.
Also once per month, botanical evaluations were collected from each replication
of the endemic polystand plots. Botanical evaluations were collected by using a metal
frame measuring 95.3 cm by 95.3 cm with 49 intersections. The frame was randomly
placed in each endemic plot five times per evaluation. The species of plant found at each
intersection was then identified and recorded. These counts were taken on the same dates
as the quality data.
Quality data were analyzed using PROC MIXED of SAS version 9.3 (SAS
Institute Inc., Cary, NC) with a repeated time variable and LSMEANS being used to
separate treatment effects at p≤0.05.
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Soil Sample Collection and Analysis
The methods used for processing and analyzing soil samples in this study were
adapted from McCulley and Jackson (2012) and Selhorst and Lal (2013). Soil samples
from each plot were collected three times during the study period to determine total
carbon and nitrogen content. Initial soil samples were taken on 29 November 2012.
These samples were taken using a 2.85 cm diameter Giddings probe (Giddings Machine
Company, Windsor, CO) mounted to a tractor. Five samples were randomly collected
from each plot to a depth of 60 cm. Each sample was then separated into five different
depth increments which were 0-5 cm, 5-10 cm, 10-20 cm, 20-40 cm, and 40-60 cm. Each
section was placed into its own labelled plastic bag for laboratory analyses. From these
initial samples, only the 0-5 cm and 5-10 cm samples were used for this study with the
deeper samples intended to be included in a future site analysis. Samples for the end of
2013 growing season were collected 23 February 2014. These samples were taken with a
manual soil sampling tube with a slide hammer attachment at the top that could be used
to pound the probe into the ground (Giddings Machine Company, Windsor, CO). These
samples had a diameter of 2.1 cm and were 20 cm deep. Ten total samples were
randomly taken from each plot and each sample was then divided into three sections
which were 0-5 cm, 5-10 cm, and 10-20 cm. Sample sections were then each placed into
their own labelled plastic bags for laboratory analyses. As with the first sampling date,
only the 0-5 cm and 5-10 cm samples were used for this study.
The last set of samples was collected on 25 November 2014. These samples were
taken with a Giddings probe mounted to a tractor which was similar, but slightly
different, than the probe used in 2012. Ten samples with a diameter of 3.08 cm were
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collected randomly from each plot to a depth of 10 cm. These whole samples were then
divided into two sections which were 0-5cm and 5-10 cm. After dividing the whole
samples, the sections were placed into labeled paper bags for laboratory analyses.
Soil samples were air dried. Data collected included sample weight, rock adjusted
bulk density, and total carbon concentrations. After a sample air dried, it was removed
from the plastic bag and weighed after leaves, stems, and crowns were removed and
discarded. A small subsample of each soil core weighing approximately 2 g was oven
dried at 105 °C for two days. These subsamples were then weighed and used to
determine bulk density. The remaining soil from each core was ground by hand using a
mortar and pestle and sieved through a 2 mm soil sieve. During this process, roots were
collected and stored and rock pieces were removed and weighed. Rock collections from
twenty of the samples that had a range of weights were then dropped into a graduated
cylinder filled with a known volume of water and the new volume with each rock
collection was recorded and subtracted from the initial volume to determine the volume
of each rock collection. This data was then plotted using SigmaPlot (Systat Software,
Inc., San Jose, CA) and a regression line equation was determined for the rock weight
and volume which was then used to estimate the rock volume of all other rock
collections. These values were then used to adjust soil volume calculations.
Once soil samples had been ground by mortar and pestle, they were further
processed by one of two methods. For samples from the first sampling date, a ball
grinder was used. An aliquot from each whole sample was placed into a ball grinder tube
with three balls, shaken for one minute, then deposited into glass scintillation vials. For
samples from the second and third sampling dates, an aliquot from each whole sample
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was placed into plastic scintillation vials and with one small and one large metal cylinder.
Forty-two vials per run were then placed into a large plastic container, capped, and then
placed onto a roller mill for 8-12 hours.
In preparation for analyses, scintillation tubes were uncapped and heated
overnight at 55 °C. The next day approximately 75 mg of soil was taken from each
scintillation vial and placed into a small tin, cup-shaped disk. Samples were closed,
weighed, and then analyzed using a Thermo Scientific Flash EA 1112 (Thermo Fisher
Scientific, Waltham, MA) to determine total organic carbon and nitrogen concentrations.
One soil core from each rep in the first year was also taken and every depth of that core
tested with 1 N HCl to check for any bubbling which would indicate the presence of
inorganic carbon. Since no bubbling was found with any sample, total organic carbon
concentration data from the Flash analyzer was assumed to represent total carbon
concentration. Carbon and nitrogen percentages for every sample were multiplied by the
rock adjusted bulk density and length of every sample to determine total carbon and
nitrogen pool values for every sample.
Since two soil depths were used for analysis, the experimental design for the
carbon and nitrogen component was a repeated measures split-plot with a whole plot
randomized complete block (Janse, 2015). The whole plot variable was the four
treatment systems and the two depths made the split-plot. Data for this component was
also analyzed with SAS version 9.3 (SAS Institute Inc., Cary, NC). PROC GLM was
used and error terms for treatment, rep, treatment by year interaction, and rep by year
interaction were all adjusted to account for the split-plot design (Janse, 2015). Treatment
and treatment by depth interaction means were separated using LSMEANS at p≤0.05.
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For analyzing the carbon emissions of all maintenance practices in both years,
PROC GLM of SAS version 9.3 (SAS Institute Inc., Cary, NC) was used with means
separated by LSMEANS at p≤0.05. For both the carbon and nitrogen pool analyses, the
zoysiagrass treatment was analyzed separately since the re-establishment of these plots
made the zoysiagrass samples from the first sampling date invalid. This is due to the
renovation process which removed some of the existing topsoil and replaced it with soil
brought in with the new sod.
Results
Soil Carbon Pool
Initial mean soil carbon pool values from the first sampling year ranged from 17.8
– 18. 4 Mg C ha-1 across all treatments at the 0-5 cm depth and from 13.8 – 17.1 Mg C
ha-1 across all treatments at the 5-10 cm depth (Table 1.1). These values did not change
much through the other two sampling dates with the exception of the 5-10 cm TF and 510 cm KB depths which both had decreases in mean pool values of at least 2 Mg ha-1
from the first year to the other two sampling dates. Across all three sampling dates, the
main effect of treatment was not significant (p>0.05) but the main effect of depth was
significant (p<0.05) which contributed to a significant treatment by depth interaction
(Table 1.2). Year was also significant in this study (Table 1.3).
While treatment as a whole was not significant, there was a difference within the
first sampling year where TF was significantly different than KB and the endemic
polystand. This difference was not evident on the other two sampling dates (Tables 1.4,
1.5, and 1.6). When examining the differences of the treatment by depth interaction
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Depth(cm)
0-5

5-10
0-5
5-10
0-5
5-10

Treatment
Bluegrass

Bluegrass

Endemic

Endemic

Fescue

Fescue

17.13

17.97

13.85

18.44

15.21

2012
17.78

13.61

16.88

12.26

17.85

12.36

Spring 2014
17.60

13.67

16.55

13.06

17.64

13.19

Fall 2014
16.95

Table 1.1. Least squares mean carbon pool values for all treatments and depths across all three sampling dates (Mg C ha-1 depth-1).

Table 1.2. Repeated measures by year analysis of variance values for main effects and
potential interactions of carbon pool values between subject effects across all three
sampling dates.
Source
Block (Rep)

F
0.14

Pr>F
0.87

Treatment (Trt)

0.33

0.73

Depth

232.07

<.0001

Trt x Depth

9.56

0.01

Table 1.3. Repeated measures by year analysis of variance values within subject effects
for carbon values across all three sampling dates.
Source
Year (yr)

F
34.49

Pr>F
<.0001

Yr*Rep

1.71

0.24

Yr*Trt

1.25

0.36

26

Table 1.4. Least squares mean table of carbon pool p-values for main effect of treatment
for first sampling event on 29 November 2012.
Kentucky
Tall
Bluegrass Endemic Fescue
Kentucky
0.4186 0.0422*
Bluegrass
0.4186
0.0138*
Endemic
Tall
0.0422*
0.0138*
Fescue
* Indicates significant difference (p≤0.05)
Table 1.5. Least squares mean table of carbon pool p-values for main effect of treatment
for second sampling event on 23 February 2014.
Kentucky
Tall
Bluegrass Endemic Fescue
Kentucky
0.8892 0.6314
Bluegrass
0.8892
0.7313
Endemic
Tall
0.6314
0.7313
Fescue
* Indicates significant difference (p≤0.05)
Table 1.6. Least squares mean table of carbon pool p-values for main effect of treatment
for third sampling event on 25 November 2014.
Kentucky
Tall
Bluegrass Endemic Fescue
Kentucky
0.4455 0.9085
Bluegrass
0.4455
0.5122
Endemic
Tall
0.9085
0.5122
Fescue
* Indicates significant difference (p≤0.05)
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across all three sampling dates, there were differences between the first sampling year
and the other two dates. In the first year, the 0-5 cm depth across all treatments was
significantly different from the 5-10 cm depth of the bluegrass and endemic treatments
but not significantly different than the 5-10 cm depth of the fescue treatment (Table 1.7).
For both of the other two sampling dates, the 0-5 cm depths of all treatments were
significantly different than all 5-10 depths of the other treatments (Tables 1.8 and 1.9).
For the second sampling date, the mean carbon pool values ranged from 16.9 – 17.9 Mg
C ha-1 across all treatments at the 0-5 cm depth and from 12.3 – 13.6 Mg C ha-1 across all
treatments at the 5-10 cm depth. For the third sampling date, the mean carbon pool
values ranged from 16.6 – 17.6 Mg C ha-1 across all treatments at the 0-5 cm depth and
from 13.2 – 13.7 Mg C ha-1 across all treatments at the 5-10 cm depth.
When examining just the zoysiagrass treatment for the second and third sampling
dates, the main effect of depth was significant (Table 1.10). Rep was also significant
across both dates but year was not (Table 1.11). The mean carbon pool values for the
zoysiagrass treatments for the second sampling date were 16.5 and 15.5 Mg C ha-1 for the
0-5 and 5-10 cm depths, respectively. For the third sampling date, the mean carbon pool
values were 17.2 and 14.1 Mg C ha-1 for the 0-5 and 5-10 cm depths, respectively.
Soil Nitrogen Pool
Initial mean nitrogen pool values from the first sampling date ranged from 1.80 –
1.88 Mg N ha-1 across all treatments at the 0-5 cm depth and from 1.47 – 1.81 Mg N ha-1
across all treatments at the 5-10 cm depth (Table 1.12). As with the carbon pool values,
the 5-10 cm TF and KB depths had the greatest changes from the first sampling date to
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Table 1.7. Least squares mean table of p-values for carbon pool treatment by depth
interaction for first sampling event on 29 November 2012. Treatments were Kentucky
bluegrass (KB), endemic polystand (E), and tall fescue (TF) at 0-5 and 5-10 cm depths.
KB0-5

KB5-10
0.0044*

EP0-5
EP5-10 TF0-5
TF5-10
0.3034 0.0005* 0.7575 0.3024
KB0-5
0.0014* 0.0568 0.0031* 0.0161*
KB5-10 0.0044*
0.3034 0.0014*
0.0002* 0.4529 0.0651
EP0-5
0.0568 0.0002*
0.0004* 0.0013*
EP5-10 0.0005*
0.7575 0.0031*
0.4529 0.0004*
0.1969
TF0-5
0.3024 0.0161*
0.0651 0.0013* 0.1969
TF5-10
* Indicates significant difference (p≤0.05)
Table 1.8. Least squares mean table of p-values for carbon pool treatment by depth
interaction for second sampling event on 23 February 2014. Treatments were Kentucky
bluegrass (KB), endemic polystand (E), and tall fescue (TF) at 0-5 and 5-10 cm depths.
KB0-5

KB5-10
0.0004*

E0-5
E5-10
0.7509 0.0004*
KB0-5
0.0003* 0.9033
KB5-10 0.0004*
0.7509 0.0003*
0.0003*
E0-5
0.0004*
0.9033 0.0003*
E5-10
0.368 0.0009*
0.2395 0.0008*
TF0-5
0.1424 0.0012* 0.1195
TF5-10 0.0017*
* Indicates significant difference (p≤0.05)

TF0-5
TF5-10
0.368 0.0017*
0.0009* 0.1424
0.2395 0.0012*
0.0008* 0.1195
0.0045*
0.0045*

Table 1.9. Least squares mean table of p-values for carbon pool treatment by depth
interaction for third sampling event on 25 November 2014. Treatments were Kentucky
bluegrass (KB), endemic polystand (E), and tall fescue (TF) at 0-5 and 5-10 cm depths.
KB0-5

KB5-10 E0-5
0.0002*
0.202
KB0-5
<.0001*
KB5-10 0.0002*
0.202 <.0001*
E0-5
0.0002* 0.7903 <.0001*
E5-10
0.4463 0.0005* 0.0657
TF0-5
TF5-10 0.0005* 0.3629 0.0002*
* Indicates significant difference (p≤0.05)

E5-10
TF0-5
TF5-10
0.0002* 0.4463 0.0005*
0.7903 0.0005* 0.3629
<.0001* 0.0657 0.0002*
0.0004* 0.2536
0.0004*
0.001*
0.2536 0.001*
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Table 1.10. Repeated measures by year analysis of variance values for main effect of
carbon pool depths between subject effects for zoysia plots on the second and third
sampling dates.
Source
Block (Rep)

F
65.04

Pr>F
0.02

Depth

55.50

0.02

Table 1.11. Repeated measures by year analysis of variance values within subject effects
for zoysia carbon values on the second and third sampling dates.
Source
Year (yr)

F
0.19

Pr>F
0.71

Yr*Rep

1.82

0.35

Yr*Depth

1.94

0.30

30

31

Depth(cm)
0-5

5-10
0-5
5-10
0-5
5-10

Treatment
Bluegrass

Bluegrass

Endemic

Endemic

Fescue

Fescue

1.81

1.80

1.47

1.88

1.67

2012
1.81

1.41

1.66

1.32

1.75

1.31

Spring 2014
1.76

1.41

1.58

1.37

1.70

1.42

Fall 2014
1.70

Table 1.12. Least squares mean nitrogen pool values for all treatments and depths across all three sampling dates (Mg N ha-1 depth-1).

the other two sampling dates. Also similar to the carbon values, across all three sampling
dates for nitrogen pool values the main effect of treatment was not significant (p>0.05)
but the main effect of depth was significant (p<0.05) which contributed to a significant
treatment by depth interaction (Table 1.13). Year was also significant in this study as
well (Table 1.14).
For the first sampling date there was a significant difference between the endemic
and TF treatments but neither treatment was different than the KB treatment (Table 1.15).
There were no treatment differences for the second and third sampling dates (Tables 1.16
and 1.17). For the treatment by depth interaction, each sampling date had different
results. For the first sampling date, the 0-5 cm bluegrass depth was only significantly
different than the 5-10 cm endemic depth which was significantly different than all other
treatment depths. The 5-10 cm KB depth was only significantly different than the two
endemic depths. The 0-5 cm endemic depth was significantly different than the 5-10 cm
KB and endemic depths. Both TF depths were only significantly different than the 5-10
cm endemic depth (Table 1.18). For the second sampling date, all three 0-5 cm treatment
depths were only significantly different than all three 5-10 cm treatment depths which
were not significantly different from each other (Table 1.19). For the third sampling
date, the 0-5 cm KB and endemic treatment depths were significantly different than all
over treatment depths except each other. The 5-10 cm KB, endemic, and TF treatment
depths were all significantly different than all three 0-5 cm treatment depths but were not
different from each other. Lastly, the 0-5 cm TF treatment depth was significantly
different than all other treatment depths (Table 1.20). For the second sampling date, the
mean nitrogen pool values ranged from 1.66 –1.76 Mg N ha-1 across all treatments
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Table 1.13. Repeated measures by year analysis of variance values for main effects and
potential interactions of nitrogen pool values between subject effects across all three
sampling dates.
Source
Block (Rep)

F
0.21

Pr>F
0.82

Treatment (Trt)

0.17

0.85

Depth

116.50

<.0001

Trt x Depth

8.62

0.017

Table 1.14. Repeated measures by year analysis of variance values within subject effects
for nitrogen values across all three sampling dates.
Source
Year (yr)

F
57.64

Pr>F
<.0001

Yr*Rep

1.25

0.36

Yr*Trt

1.30

0.35
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Table 1.15. Least squares mean table of nitrogen pool p-values for main effect of
treatment for first sampling event on 29 November 2012.
Kentucky
Tall
Bluegrass Endemic Fescue
Kentucky
0.1928 0.1761
Bluegrass
0.1928
0.0240*
Endemic
Tall
0.1761 0.0240*
Fescue
* Indicates significant difference (p≤0.05)
Table 1.16. Least squares mean table of nitrogen pool p-values for main effect of
treatment for second sampling event on 23 February 2014.
Kentucky
Tall
Bluegrass Endemic Fescue
Kentucky
0.9804 0.9877
Bluegrass
0.9804
0.9681
Endemic
Tall
0.9877
0.9681
Fescue
* Indicates significant difference (p≤0.05)
Table 1.17. Least squares mean table of nitrogen pool p-values for main effect of
treatment for third sampling event on 25 November 2014.
Kentucky
Tall
Bluegrass Endemic Fescue
Kentucky
0.4051
0.105
Bluegrass
0.4051
0.3502
Endemic
Tall
0.105
0.3502
Fescue
* Indicates significant difference (p≤0.05)
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Table 1.18. Least squares mean table of p-values for nitrogen pool treatment by depth
interaction for first sampling event on 29 November 2012. Treatments were Kentucky
bluegrass (KB), endemic polystand (E), and tall fescue (TF) at 0-5 and 5-10 cm depths.
KB0-5

KB5-10 EP0-5
0.0624 0.2407
KB0-5
0.0624
0.0116*
KB5-10
0.2407 0.0116*
EP0-5
EP5-10 0.0013* 0.0149* 0.0004*
0.9031
0.0743
0.203
TF0-5
0.992
0.0615
0.244
TF5-10
* Indicates significant difference (p≤0.05)

EP5-10 TF0-5
TF5-10
0.0013* 0.9031
0.992
0.0149* 0.0743 0.0615
0.0004*
0.203
0.244
0.0015* 0.0013*
0.0015*
0.8952
0.0013* 0.8952

Table 1.19. Least squares mean table of p-values for nitrogen pool treatment by depth
interaction for second sampling event on 23 February 2014. Treatments were Kentucky
bluegrass (KB), endemic polystand (E), and tall fescue (TF) at 0-5 and 5-10 cm depths.
KB0-5

KB5-10
0.0011*

EP0-5
EP5-10
0.8953 0.0012*
KB0-5
0.0012*
0.868
KB5-10 0.0011*
0.8953 0.0012*
0.0014*
EP0-5
0.968 0.0014*
EP5-10 0.0012*
0.2223 0.0040*
0.2668 0.0048*
TF0-5
0.2292 0.0045* 0.2882
TF5-10 0.0039*
* Indicates significant difference (p≤0.05)

TF0-5
TF5-10
0.2223 0.0039*
0.0040* 0.2292
0.2668 0.0045*
0.0048* 0.2882
0.0188*
0.0188*

Table 1.20. Least squares mean table of p-values for nitrogen pool treatment by depth
interaction for third sampling event on 25 November 2014. Treatments were Kentucky
bluegrass (KB), endemic polystand (E), and tall fescue (TF) at 0-5 and 5-10 cm depths.
KB0-5

KB5-10
EP0-5
0.0009* 0.9672
KB0-5
0.0010*
KB5-10 0.0009*
0.9672
0.0010*
EP0-5
0.2671 0.0004*
EP5-10 0.0003*
0.0468*
0.0122* 0.0496*
TF0-5
0.8459 0.0008*
TF5-10 0.0008*
* Indicates significant difference (p≤0.05)

EP5-10
0.0003*
0.2671
0.0004*

TF0-5
TF5-10
0.0468* 0.0008*
0.0122* 0.8459
0.0496* 0.0008*
0.0031* 0.3469
0.0031*
0.0096*
0.3469 0.0096*
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at the 0-5 cm depth and from 1.31 – 1.41 Mg N ha-1 across all treatments at the 5-10 cm
depth. For the third sampling date, the mean nitrogen pool values ranged from 1.58 –
1.70 Mg N ha-1 across all treatments at the 0-5 cm depth and from 1.37 – 1.42 Mg N ha-1
across all treatments at the 5-10 cm depth.
When examining the second and third sampling dates of just the zoysiagrass
treatment, the main effect of depth was not significant nor was year but rep was
significant (Tables 1.21 and 1.22). The mean nitrogen pool values for the zoysiagrass
treatments for the second sampling date were 1.51 and 1.57 Mg C ha-1 for the 0-5 and 510 cm depths, respectively. For the third sampling date, the mean carbon pool values
were 1.49 and 1.46 Mg C ha-1 for the 0-5 and 5-10 cm depths, respectively.
Turfgrass Quality
Turfgrass quality in both years followed similar trends, with the KB and TF
treatments having similar high quality ratings which were greater than the ratings for the
endemic polystand and zoysiagrass treatments (Figures 1.1 and 1.2). The statistical
analysis of these values showed both treatment and time to be significant (p<0.05) (Table
1.23). Of all treatments, only the KB and TF treatments were statistically similar across
both years with all other treatment combinations being significantly different (Table
1.24). In 2013, mean quality ratings for each treatment ranged from 6.7 – 7.8 for TF, 6 –
7.5 for KB, 2.9 – 4.9 for endemic polystand, and 1.9 – 5.2 for zoysiagrass. In 2014, mean
quality ratings for each treatment ranged from 4.7 – 8.5 for TF, 4 – 8.7 for KB, 2.2 – 3.4
for endemic polystand, and 1 – 6.2 for zoysiagrass (Appendix A).
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Table 1.21. Repeated measures by year analysis of variance values for main effect of
nitrogen pool depths between subject effects for zoysia plots on the second and third
sampling dates.
Source
Block (Rep)

F
54.34

Pr>F
0.02

Depth

0.31

0.64

Table 1.22. Repeated measures by year analysis of variance values within subject effects
for zoysia nitrogen values on the second and third sampling dates.
Source
Year (yr)

F
0.71

Pr>F
0.49

Yr*Rep

1.61

0.38

Yr*Depth

0.41

0.59
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Figure 1.1. Trend lines of mean quality ratings for all four treatments across three replications in 2013. Quality ratings ranged
from 1= dead / dormant to 9= perfect. The short trend line for zoysia represents point of zoysia re-establishment onward.
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Figure 1.2. Trend lines of mean quality ratings for all four treatments across three replications in 2014. Quality ratings ranged
from 1= dead / dormant to 9= perfect.
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Table 1.23. Type 3 tests of fixed effects for quality values across all treatments in 2013
and 2014.
Source
Treatment

F
115.30

Pr>F
<.0001

Time

5.17

0.0002

Table 1.24. Differences of least squares mean quality values for all treatments in 2013
and 2014.
Treatment 1
Bluegrass

Treatment 2
Endemic

t Value
14.45

Pr>t
<.0001

Bluegrass

Fescue

-1.29

0.1983

Bluegrass

Zoysia

9.40

<.0001

Endemic

Fescue

-15.74

<.0001

Endemic

Zoysia

-3.71

0.0003

Fescue

Zoysia

10.58

<.0001
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Botanical Plant Counts
Over the entire two year period, 24 different plant species were observed across
all endemic plots with one extra name added to the list to account for unidentifiable
warm-season plant remains during the cooler months which was simply termed “C4
Grass Skeletons”. The total plant counts for all transect, rep, and month observations can
be found in Appendix B.
Of the 25 total species (including the warm season skeletons) that were observed,
only seven of them had trends within each year that were worth noting. The 18 other had
low average plant count values and nearly flat trend lines over the course of both years.
The seven species that had noticeable fluctuations throughout the two year period were
bermudagrass, dandelion (Taraxacum officinale F.H. Wigg.), ground ivy (Glechoma
hederacea L.), KB, nimblewill (Muhlenbergia schreberi J.F. Gmel.), TF, and white
clover (Trifolium repens L.) (Figure 1.3). From this group, the two warm season grasses,
bermudagrass and nimblewill, both had low counts in the spring, peaked in the summer,
then diminished going into the fall in both years. The two cool season grasses, KB and
TF, both had their highest counts in the spring and early summer then dropped down in
the summer with a rebound in observed plants in the fall for both years. For the three
broadleaf weeds, in 2013 dandelion counts increased as the year went on with a peak in
the fall, white clover started off with the highest counts in early summer then dropped off
as the year went on, and ground ivy counts slowly increased as the year went on. In
2014, dandelion counts remained fairly stable until peaking in the fall, and both white
clover and ground ivy had slight increases in observed plants during the summer but
remained fairly stable throughout the observation months.
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Figure 1.3. Mean plant counts from top seven species observed in the endemic
polystands during 2013 (A) and 2014 (B). Counts were taken using a 0.95 x 0.95 m
metal frame with 49 intersections that was randomly placed five times within a plot and
the counts averaged.
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Mower Emissions
The total number of mowing events of all treatments differed across both years,
although year was not found to be significant (p>0.05) (Table 1.25). Treatment was,
however, found to be significant (p<0.05), but when examining treatment comparisons of
the mean mowing event data for each treatment, only the zoysiagrass treatment was
significantly different from all other treatments. The other three treatments were not
significantly different from each other across both years (Table 1.26). The total number
of mowing events for each treatment in 2013 were 22 for TF, 24 for KB, 26 for endemic
polystand and 0 for the zoysiagrass plots. In 2014, the number of mowing events for
each treatment were 25 for TF, 32 for KB, 22 for endemic polystand, and 9 for
zoysiagrass.
The mower used in this study was found to consume 3.79 L of gasoline in
approximately 49 minutes. After averaging the time it took the operator to mow a plot in
a horizontal, vertical, and diagonal mowing pattern it was found that it took
approximately 41 minutes to mow 0.40 ha of turfgrass in this study. When these values
were combined, it was calculated that, at the mowing speed used in this study, 7.76 L of
gasoline was consumed per hectare mowed. This value was then multiplied by the
density of gasoline and the gasoline coefficient given by Lal (2004) of 0.85 kg CE / kg
fuel and finally by the total number of mowing events for each treatment in each year.
For 2013, this amounted to 121.89 kg carbon equivalents (CE) ha-1 for the KB treatment,
111.74 kg CE ha-1 for the TF treatment, 132.05 kg CE ha-1 for the endemic treatment and
0 kg CE ha-1 for the zoysiagrass treatment. In 2014, this amounted to 162.53 kg CE ha-1
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Table 1.25. Analysis of variance for mowing events across all four turfgrass system
treatments in 2013 and 2014.
Source
Treatment

F
12.55

Pr>F
0.03

Year

1.81

0.27

CV (%)

21.02

Table 1.26. Least squares mean table of mowing events for main effect of treatment
across both years.
Bluegrass Endemic Fescue
0.4115 0.3628
Bluegrass
0.4115
0.9128
Endemic
0.3628
0.9128
Fescue
0.0113*
0.0189* 0.0202*
Zoysia
* Indicates significant difference (p≤0.05)

Zoysia
0.0113*
0.0189*
0.0202*

Table 1.27. Analysis of variance for irrigation amounts of the Kentucky bluegrass and
tall fescue treatments in 2013 and 2014.
Source
Treatment

F
21.84

Pr>F
0.1342

Year

134.69

0.0547

CV (%)

5.48
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for the KB treatment, 126.97 kg CE ha-1 for the TF treatment, 111.74 kg CE ha-1 for the
endemic treatment, and 45.71 kg CE ha-1 for the zoysiagrass treatment.
Irrigation Emissions
Irrigation amounts varied in both years for KB and TF, but neither treatment nor
year were found to be significant (p>0.05) although year was very close to being
significant at p=0.0547 (Table 1.27). The irrigation heads used in this
study were reported to put out 97.7 L water minute-1 based on the pressure these heads
were set to and the tips used on them (TORO Company, 2004) which amounted to 390.8
L minute-1 per plot since each plot contained four irrigation heads. These heads were
found to produce a precipitation rate of 0.11 cm over each plot each minute. The total
irrigation running time for both treatments in each year were 101 minutes for TF and 136
minutes for KB in 2013 and 202 minutes for TF and 256 minutes for KB in 2014. When
the liters per minute are factored in, this amounted to 39, 456 liters for TF and 53,129
liters for KB in 2013 and 78,912.2 liters for TF and 100,008 liters for KB in 2014.
Combining information from Dettore (2009) which stated a municipal water
treatment plant uses 0.00163 kwh per 3.79 L water produced with information from the
U.S. Energy Information Administration (EIA, 2015) which stated 0.94 kg of CO2 is
produced per kwh of coal usage (which is the dominate fuel source in Kentucky) it was
calculated that 0.00011 kg of CO2 is produced per liter of water that runs through a
treatment plant. This value was then used to determine how much carbon was released
per hectare of each treatment in this study each year by converting CO2 to carbon. In
2013, it was calculated that 110.78 kg CE ha-1 was released for TF irrigation and 148.98
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kg CE ha-1 was released for KB irrigation. In 2014, it was calculated that 221.30 kg CE
ha-1 was released for TF and 280.63 kg CE ha-1 was released for KB.
Pesticide Emissions
Burley Belt Lawn Service made five total pesticide applications in 2013 and four
total applications in 2014 to the KB and TF plots. Burley Belt also made an extra
application to just the KB plots in 2014. Also in 2014, three extra applications were
made to the KB plots and one extra application to the TF plots by a gas powered sprayer.
Two total post re-establishment applications were made to the zoysiagrass plots in 2013.
The total kilograms per hectare of the active ingredient of each chemical applied was
added up and multiplied by the pesticide coefficients provided by Lal (2004) which were
6.3 kg CE kg-1 active ingredient for herbicides and 3.9 kg CE kg-1 active ingredient for
fungicides. Also, where the gas powered sprayer was used, the gasoline use rate of this
machine which was calculated to be 0.84 L gasoline ha-1 was factored in as well. This
amounted to 87.48 kg CE ha-1 for the KB and TF treatments and 17.36 kg CE ha-1 for the
zoysiagrass treatment in 2013. For 2014, 69.91 kg CE ha-1 was emitted for the KB plots
and 54.16 kg CE ha-1 was emitted for the TF treatments.
Fertilizer Emissions
Burley Belt Lawn Service applied 146.5 kg N ha-1 and 11.5 kg K ha-1 to the KB
and TF plots in 2013. Using fertilizer coefficient values from Lal (2004), this amounted
to 192.15 kg CE ha-1 for both treatments in 2013. In 2014, Burly Belt applied 48.8 kg N
ha-1 to both treatments which amounted to 63.5 kg CE ha-1 for both treatments. In 2013,
97.6 kg N ha-1 was applied to the zoysiagrass plots which amounted to 126.88 kg CE ha-1.
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In 2014, 73.2 kg N ha-1 was applied to the zoysiagrass plots which amounted to 95.16 kg
CE ha-1.
Carbon Pools vs Carbon Input Costs
Total emission values from all sources are summarized in Table 1.28. When
emission costs for maintaining each treatment are averaged across both years, year is not
found to be significant (p=0.5706) but treatment is found to be very significant
(p=0.0003). When examining treatment differences, all treatments are found to be
significantly different from each other with the exception of the endemic and zoyisagrass
treatments which are not found to have significantly different emission values across both
years (Table 1.29).
Carbon pool and emission values for each treatment throughout the duration of
the experiment are summarized in Table 1.30. Mean pool values for both depths of each
treatment were added to produce a carbon pool value for the top 10 cm of each treatment
which was then subtracted from the previous year’s value to determine the difference in
carbon values from one year to the next. The emission value from one year to the next
was then subtracted from the year to year carbon pool difference per treatment to
determine whether each treatment gained or lost carbon each year. Results from this
table show vast differences between carbon pool values and carbon emission values for
all treatments but overall most treatments were losing carbon from one year to next for
the duration of this study. The one exception to this was the endemic treatment which
from spring 2014 to fall 2014 had a net gain in carbon of 0.48 Mg C ha-1.
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2014

2013

2014

2013

2014

2013

2014

Bluegrass

Fescue

Fescue

Endemic

Endemic

Zoysia

Zoysia

45.71

0

111.74

132.05

126.97

111.74

162.53

Mowing
121.89

0

0

0

0

221.30

110.78

280.63

Irrigation
148.98

0

17.36

0

0

54.16

87.48

69.91

Pesticides
87.48

95.16

126.88

0

0

63.50

192.15

63.50

Fertilizer
192.15

Table 1.29. Least squares mean table of carbon emission values for main effect of treatment across 2013 and 2014.
Bluegrass Endemic Fescue Zoysia
0.0002* 0.0243* 0.0002*
Bluegrass
0.0003* 0.3529
Endemic 0.0002*
0.0243*
0.0003*
0.0004*
Fescue
0.0002*
0.3529 0.0004*
Zoysia

Year
2013

Treatment
Bluegrass

Table 1.28. Total carbon emission values (kg CE ha-1) for each treatment from each emission source in 2013 and 2014.

140.87

144.24

111.74

132.05

465.93

502.15

576.57

Totals
550.50
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2013

2014

2012

2013

2014

2013

2014

Fescue

Fescue

Endemic

Endemic

Endemic

Zoysia

Zoysia

-0.66

0.59

-2.17

-0.27

-4.61

0.14

0.11

0.13

0.47

0.50

2013 Carbon pool values for all treatments were not collected until 23 February 2014

z

31.31

31.97

30.70

30.11

32.28

30.22

30.49

35.10

2012 Zoysia data not presented due to the zoysiagrass plots being re-established in summer 2013

y

2012

Fescue

-0.8

0.48

-2.3

-0.74

-5.11

Table 1.30. Summary of mean soil carbon pool values in the top 10 cm, mean carbon emission values, and net carbon values for each
treatment from 2012y to fall 2014.
Mean Carbon
Difference
Mean Carbon
Net Carbon
Pool Value
Between Years
Emission Value
Values Per Year
Treatment
Year
(Mg C ha-1)
(Mg C ha-1)
(Mg CE ha-1)
(Mg C ha-1)
Bluegrass
2012
32.99
-3.03
0.55
-3.58
Bluegrass
2013z
29.96
0.18
0.58
-0.4
Bluegrass
2014
30.14

Discussion and Conclusions
The lack of significant differences between the treatments as a whole across all
three sampling dates was interesting although not surprising given the short duration
period of this study. The use of models by some authors such as Bandaranayake et al.
(2003) and Qian et al. (2003) show the need to conduct studies such as this one for long
periods of time to determine the greatest potential for changes over time. The significant
differences between the two depths across treatments were expected and agrees well with
results observed by other authors such as Selhorst and Lal. (2013).
The range in pool values observed in this study compare well to storage and sink
capacity values found in other turfgrass carbon studies (Kong et al., 2014; Selhorst and
Lal, 2013). It should be noted, however, that the pool values reported in this study are
not directly equivalent to storage and sink capacity values reported in some other studies
since often long term soil data, models, or long established turf areas were used to
produce values long after establishment in other studies. Due to the limited duration of
this study, it is not known how much or how little carbon pool values might change 10-20
years post establishment.
The fact that nitrogen pool values also follow the results of the carbon pool
values, for the most part, with treatment not being significant despite differences in
fertilizer applications among treatments is not greatly surprising given the limited time of
the study and therefore limited nitrogen applications. Since nitrogen levels are constantly
changing within the soil, however, it could also be concluded that most of the added
nitrogen in this study was taken up by the plant or volatilized and therefore did not
remain in the soil long enough to create large nitrogen pool differences which could be
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measured in the soil cores. The results of Weber (2014) however, suggest that
volatilization of much of the nitrogen is not supported.
The observed quality values in this study showed the high maintenance plots to
produce high quality ratings throughout all of 2013 and part of 2014. These treatments
did have lower quality ratings at the start of 2014 which can be attributed in part to warm
temperatures which required an adjustment of the irrigation amounts. The KB quality
values were also impacted by disease pressure during this year. The low quality ratings
of the endemic plots is supported by the vast number of different plant species counted
within those plots, all of which disrupt the uniformity, color, and density of the endemic
treatment and therefore reduced its quality. While the original zoysiagrass plots had
trouble establishing, the quality of the renovated plots in the second year showed the
zoysia plots to perform fairly well. Color within this treatment was an issue for much of
the 2014 growing season and led to the need to fertilize the plots during the summer
which resulted in a slight rebound in quality. Since treatment was not found to be
significant for carbon or nitrogen pool values, it can be concluded that the quality of the
plots did not have any great measureable effect on carbon and nitrogen pool values.
The species observed in the endemic plots show the large number of contributors
to the carbon pools of these plots. Where the other three treatments were nearly complete
monostands, meaning only one species was affecting the soil under those plots, the
endemic plots had many species that could all contribute to or modify the carbon pools of
those plots. Due to this, it was hypothesized the endemic plots might have significantly
different carbon pool values. Since a significant difference was not found between the
carbon pool values of the endemic treatment and those of the high maintenance
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treatments, it may be possible that either there was not enough time in this study to
observe differences or that the endemic plots in this study may not be that dissimilar from
the two high maintenance treatments in this study. KB and TF were very prevalent in the
endemic plots with KB accounting for a majority of the observed plants in each endemic
plot throughout both years.
Going into this study, it was known there would be differences between the
carbon emissions required to maintain each plot since some plots were maintained
professionally while others were minimally maintained. The calculated emission values
for this study fall between the emission values reported by other authors which can be
attributed to both differences in management practices such as the number of mowing
events per year or the amount of fertilizer and pesticides added. Vast differences in
irrigation ranging from no irrigation, to garden hose irrigation, to pumping from a lake all
affect irrigation estimates as well (Selhorst and Lal, 2011, Zirkle et al., 2011; Selhorst
and Lal, 2013) . Kong et al. (2014) reported total emission values of 1,700 – 6,300 kg ha-1
which is several times larger than the values reported in this study. In that study,
different calculations were used to determine carbon costs than were used in this study
and also values from Hong Kong water plants were used as well which might be different
than values from the United States. Townsend-Small and Czimczik (2010) provided
rough estimates of carbon emission and had an emission estimate for mowing that alone
was greater than all inputs used in this study for one year.
The calculated emission values for this study were most similar to those of
Selhorst and Lal (2013) but provided total emission values greater than the ones they
calculated in their study which were 0.25 Mg CE ha-1 yr-1. When comparing the two
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studies, it is clear that there were differences in the fuel efficiency of mowers, fertilizer
application rates, pesticide applications, and irrigation which all contributed to the
differences between the two studies. In addition to emission differences, Selhorst and Lal
(2013) also had differences in carbon soil values though, which is based on them
calculating soil capacity values from yards of many different ages. The limited time
period for this study did not provide enough information to adequately determine sink
capacities so pool values were used which makes direct comparisons impossible.
Due to the limited duration of this study, it was decided the best way to draw
conclusions from this work was to examine how soil carbon pool values changed from
one year to the next and whether each treatment gained or lost carbon after management
emissions were factored in. From this, one of the first things noted was that there is a
vast difference between the mean soil carbon pool values in the top 10 cm for each
treatment and the amount of carbon released to maintain each treatment in a year. Even
the emissions from the HM treatments did not come close to equaling the mean soil
carbon pool value for either treatment in any year. This agrees well with conclusions of
authors such as Selhorst and Lal (2013) that it would most likely take many years of high
management for emissions to come close to soil carbon levels in many lawns.
On a year to year basis however, the results of this study show a significant loss
of carbon from most treatments even before emissions are factored in. In this study, the
difference from the establishment year to the second year showed loses in carbon pool
amounts ranging from 2.17 to 4.61 Mg C ha-1 year-1 across all treatments. The change
from the second to third sampling date, however, was much lower and even positive for
the KB and endemic treatments. The reason for the vast difference between the first and
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second sampling dates and second and third dates is not immediately apparent but may be
due to changes in the soil occurring within the initial time period after establishment of
these plots. While it cannot be known for certain, it is hypothesized that the values
calculated for the second to third time period are most likely more indicative of changes
that may occur in following years due to the treatments having time to set in after
establishment. It may even be possible that in the following year(s) soil carbon values
may slightly increase for all treatments as was the case with the KB and endemic
treatments.
Since all treatments were already showing a loss of carbon before management
emissions were factored in going from 2012 to spring 2014 and half were already
showing a loss from spring 2014 to fall 2014, the emissions only served to make the
carbon loses per treatment per year greater. Overall, the HM treatments showed larger
carbon loses per year than the LM treatments, particularly going from 2012 to spring
2014, which is attributable in part to the greater carbon emission values for the HM plots.
Due to the lower emissions from the LM treatments, the endemic treatment even showed
a net gain of carbon from spring 2014 to fall 2014. The fact that the zoysiagrass
treatment did not show a gain during this time period and instead had a loss of carbon
may be attributable to the re-establishment of the zoysiagrass plots in 2013. Based on
this, it is possible that in the following year(s) the zoysiagrass treatment may also show a
gain in carbon based on its lower management emissions. If mean carbon pool values for
the HM plots continued to improve as the KB did for 2014, it is possible these treatments
may also have a net gain of carbon, especially since emission values can change from
year to year.
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This study showed that for the limited time period observed, different
management systems did not cause significant differences of carbon and nitrogen pool
values but depth did have an effect. It also found as Selhorst and Lal (2013) reported
that even with high management inputs, the carbon emission values from these inputs in
any given year are much less than the carbon already stored in turfgrass lawn systems.
On a year to year basis however, the carbon loses from a turfgrass lawn system can be
significant especially for high management turf systems. Future work needs to continue
to investigate potential differences between different management systems over longer
periods of time and at deeper soil depths to determine if the results found in this study
hold up 10-20 years post-establishment. Other factors which can affect carbon levels
such as changes in microbial communities should also be examined. This study only
focused on carbon and nitrogen pool values in the soil but a complete analysis of the
turfgrass system should also focus on carbon stored in plant tissue in future works as
well.

Copyright © Kenneth Lee Cropper 2015
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Chapter Two
Tobacco Phylloplanin Surfactant Studies
Literature Review
Introduction
Successful management of turfgrass diseases often requires the frequent use of
commercially available synthetic fungicides. While these fungicides are typically very
effective at preventing or minimizing disease incidence and severity, they do pose some
risks and therefore cause some concern among the general population. For example,
chlorothalonil, a widely used fungicide in turfgrass management, has been reported to
have the potential to cause damage to DNA in human cells as well as negatively affect
amphibian populations (Lebailly et al., 1997, McMahon et al., 2011). Even if fungicides
have not been shown to pose significant direct risks, many people still argue against the
use of these chemicals. This is often due to negative media coverage, a lack of
knowledge about the fate of the chemicals after they are applied, and/or how the federal
regulation process functions (Maniscalo, 1995, Watschke et al., 1989).
In addition to safety concerns, the frequent use of the same fungicides over time
has led to the selection of pathogen isolates that are resistant to certain modes of action.
Bishop et al. (2008) reported finding isolates of Sclerotinia homoeocarpa (F.T. Bennett)
(which causes dollar spot disease), resistant to iprodione, propiconazole, or thiophanatemethyl fungicides. Vincelli and Dixon (2002) reported Pyricularia grisea (Cooke)
isolates in Lexington, KY and Illinois that were resistant to the fungicide azoxystrobin.
Issues such as human and environmental safety and pathogen resistance from
frequent use of synthetic fungicides have led to studies investigating alternative methods
to control turfgrass diseases. One alternative method is to manipulate certain turfgrass
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management practices in an effort to better protect the plant against the pathogen or make
the environment less suitable for the pathogen. One of the best management practices to
minimize disease severity is to plant species or cultivars that are more disease resistant or
use mixtures or blends of grasses (Landschoot, 2010). In addition to species and cultivar
selection, manipulating factors such as irrigation, fertility levels, shade, and air flow have
all been shown to have effects on the severity of certain turfgrass diseases (Golembiewski
and Danneberger, 1998, Koh et al., 2003, McDonald et al., 2006). Other management
strategies have also been effective for some diseases such as removing the dew during the
early morning hours which has been demonstrated as an effective way to reduce the
severity of dollar spot disease (Williams et al., 1996; Ellram et al., 2007).
Another alternative method is the use of composts or biological control agents.
Boulter et al. (2002) examined the microbial communities of four composts and selected
bacterial isolates from these composts to be tested against several turfgrass pathogens.
Of the pathogens they examined, they reported the best activity occurred against S.
homoeocarpa which was adversely affected by 52% of the bacterial isolates. Goodman
and Burpee (1991) used sand-cornmeal or grain to deliver several fungi and bacteria in a
topdressing on creeping bentgrass. They reported that topdressing with material
containing isolates of Fusarium heterosporum (Nees ex Fr). reduced the severity of dollar
spot compared to plots not treated with F. heterosporum. Zhou and Boland (1998)
examined if hypovirulent strains of S. homoeocarpa could reduce the severity of dollar
spot disease. From their study, they concluded hypovirulent strains could reduce dollar
spot severity up to 80%. Han et al. (2005) examined the use of the BioJect system which
grows, stores, and transports bacterial cultures into the irrigation system to combat dollar

57

spot disease. In their study they used Pseudomonas aureofaciens (Nov. Spec.) strain TX1, and although TX-1 had been shown to inhibit S. homoeocarpa in laboratory tests, the
authors reported it did not have a significant effect in the field.
T-Phylloplanins for Disease Control
Despite some positive results from previous studies, no biological control method
to date has eliminated or replaced the use of synthetic fungicides. Work continues in
examining new biological control methods for combating turfgrass diseases. One newer
alternative is the use of a natural plant protein which has shown activity against some
plant pathogens. Shepherd et al. (2005) reported finding a protein, termed Tphylloplanin, on tobacco leaves (Nicotiana tabacum [L.]) which had antifungal properties
against the tobacco blue mold disease, Peronospora tabacina (Adam). They concluded
this protein was created by the short trichomes found on tobacco leaves and is distributed
on the leaves by the exudates of the large trichomes. Kroumova et al. (2007) confirmed
the antifungal properties of T-phylloplanin by using gene knockdown to eliminate the
production of phylloplanins which resulted in increased disease severity by P. tabacina.
This study also showed that phylloplanins collected from sunflower (Helianthus annuus
[L].) and jimson weed (Datura stramonium [L.]) are also antagonistic to P. tabacina.
King et al. (2011) made solutions of T-phylloplanin which are termed leaf water washes
(LWW) that they applied to lab assays and greenhouse turfgrass plants. They reported
that T-phylloplanins were effective in inhibiting the growth of the turfgrass pathogens
Pyricularia oryzae (Cavara), which causes grey leaf spot, and Rhizoctonia solani (Kuhn),
which causes brown patch disease, both in lab and greenhouse studies. This work was
followed by a field study that examined the effect of high and moderate concentration
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solutions of T-phylloplanin against three turfgrass pathogens when applied preventatively
and curatively (King, 2011). From this work, it was found that high concentration
solutions of T-phylloplanins are effective against controlling brown patch and dollar spot
diseases when sprayed preventively. It was also reported that the same high
concentration solution was fairly effective in controlling dollar spot and grey leaf spot
when sprayed curatively. King (2011) concluded that future work should examine the
possibility of adding surfactants or adjuvants to the T-phylloplanin solutions for possible
enhancement of fungicidal activity.
Root Infecting Turfgrass Diseases
From the phyllolplanin studies published to date, it is evident that no work has
been conducted that tested these proteins against root infecting diseases of turfgrasses.
There are several problematic root infecting diseases of turfgrasses such as nectrotic ring
spot (Ophiosphaerella korrae [Walker and Smith]) and summer patch (Magnaporthe
poae [Landschoot and Jackson]), which can affect Kentucky bluegrass stands during the
spring and summer months, respectively (Smiley et al, 2005). Another root infecting
disease is spring dead spot (Ophiosphaeralla spp.) which can be highly destructive to
bermudagrass stands with symptoms evident as the grass breaks dormancy in the spring
time (Smiley et al., 2005). While cultural and chemical management of root infecting
turfgrass diseases is possible, it can be difficult to completely prevent some of these
diseases, with necrotic ring spot and spring dead spot diseases, in particular, having good
chemical control options, but none currently that are considered consistently excellent
(Vincelli and Munshaw, 2013).
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Chemical Adjuvants
Adjuvants are commonly added to some pesticides either in the formulated
product or by the spray applicator. Adjuvants may enhance spray coverage and/or
persistence of spray applications to the phylloplane. Adjuvants are available in many
different forms and concentrations. Often they are combined with herbicides, but various
studies have examined their effect when applied to plant pathogens alone or when added
to fungicides. Stanghellini et al. (1996) examined the effect that adding a surfactant to
the nutrient solution of a hydroponic system had against Phytophthora capsici [Leonian.]
They reported that the addition of a surfactant eliminated the pathogen and prevented it
from spreading from the source material in their trial whereas untreated plants died
within two weeks. Larsbo et al. (2008) applied surfactants to golf greens prior to
applying fungicides and examined the leaching potential of the fungicides. The authors
reported that less leaching of the fungicides occurred in plots treated with a surfactant but
these plots had higher disease severity ratings in the fall than plots not treated with a
surfactant. They attributed this to the surfactant causing better water retention which
would make a more hospitable environment for some pathogens.
Several studies have examined potential enhancement effects when a surfactant
was tank-mixed with a fungicide. Gent et al. (2003) combined multiple adjuvants with a
fungicide in potato, onion, and dry bean studies. Their results showed adjuvants
significantly improved the activity of a fungicide against Alternaria solani [(Ellis and
Martin) Sorauer] and Uromyces appendiculatus (Pers.). Grayson et al. (1997) examined
the effect of combining a fungicide with various surfactants to combat powdery mildew
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(Erysiphe graminis [f.sp. tritici]) on barley (Hordeum vulgare [L.]). They reported
significant increases in fungicide activity could be achieved by using surfactants
categorized as nonylphenol, alcohol, or alkylamine ethoxylates. Miller et al. (2012)
examined the effect of combining a fungicide with a surfactant for combating fairy ring
(Vascellum curtisii [Berk.] Kreisel [=L. curtsii Berk.] and Arachnion album [Schwein.]).
They reported that disease pressure was actually higher in plots that received the
surfactant tax mix and that in the second year symptoms also appeared sooner in these
plots compared to plots just receiving the fungicide alone.
Objectives
There is strong interest in using biological control agents for controlling turfgrass
diseases such as dollar spot which can be very destructive to several turfgrass species.
The lack of any current cultivar of creeping bentgrass that is completely resistant to dollar
spot makes continued research in dollar spot control important (Morris, 2013). The
results of King (2011) represent a promising alternative for combating dollar spot, but the
need for 7 day spray intervals to achieve maximum control is not completely practical for
many golf course management programs. Combining some fungicides with surfactants
as reported by Gent et al, (2003) and Grayson et al. (1997) offers a potential way to
enhance T-phylloplanin activity. Also, the efficacy of T-phylloplanins against rootinfecting pathogens has not been investigated which offers another area of study
There were three objectives for this study. The first objective was to determine
the effects of four commercially available surfactants on the efficacy of T-phylloplanins
against S. homoeocarpa, R. solani, or Pythium spp. in hyphal inhibition studies. The
second objective was to determine if a non-ionic surfactant could extend or enhance the
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efficacy of T-phylloplanin in field studies with S. homoeocarpa. The final objective was
to determine if T-phylloplanins could inhibit a destructive root infecting pathogen,
Ophiosphaerella spp. in the field.
Materials and Methods
Lab Assays
Fungal cultures of Sclerotinia homoeocarpa and Rhizoctonia solani were obtained
in fall 2012 from the plant pathology research laboratory of Dr. Paul Vincelli, located on
the University of Kentucky campus in Lexington, Kentucky. These pathogens were
previously isolated from cool season grass samples taken from the University of
Kentucky Spindletop Research Farm, cultured in the lab and stored in a -20 °C freezer
until active cultures were needed. The cultures were grown on potato dextrose agar
(PDA) media in petri dishes. Small pieces of PDA approximately 0.5 cm by 0.5 cm were
removed from the initial plates and placed into the middle of several other freshly
prepared PDA plates to prepare a stock set of cultures of each pathogen for use in this
experiment. The plates were wrapped in Parafilm (Bemis Flexible Packaging, Oshkosh,
WI) and stored on a lab counter at room temperature (approximately 21 °C) until needed.
Shortly after preparing the stock set of cultures for the two pathogens, a series of
hyphal inhibition lab assay trials were conducted. All assays were conducted within
sterile biological safety hoods. The methods used for these assays were largely based on
those used by King et al. (2011). For each assay, PDA media at ½ of the recommended
concentration was used. This was done to discourage rapid growth of the pathogens and
better allow for any pathogen inhibition effects to be measureable. Experimental media
plates were either freshly prepared or retrieved from recently prepared plates that were
stored in a sterile plastic bag at 4 °C. After the media cooled or returned to room
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temperature, 0.5 cm by 0.5 cm pieces of PDA from either the S. homoeocarpa or R.
solani stock cultures were placed, upside down, directly into the middle of the PDA
plates for the current assay set. The pathogens on the assay plates were then allowed to
establish on the media for 48 hours. After the 48 hour period, five 1 cm diameter sterile
Whatman #1 (GE Healthcare Bio-Sciences, Pittsburgh, PA) paper disks were evenly
spaced around the edges of each assay plate. Treatments were then applied to each paper
disk in 20 µL of solution. After the treatments were applied to each assay, the plates
were placed into a clear plastic chamber with constant light at a temperature of 24 °C for
approximately two days. At this time, each assay plate was removed, observations
recorded, and photos taken.
Assay Treatments
Prior to conducting each assay, a stock solution for each treatment was prepared.
For studies examining surfactants at a field application rate, the amount of surfactant
added to those treatments was calculated based on the highest recommended field rate on
the label of that surfactant. If the study examined simple surfactant concentrations, the
amount added was a percentage of formulated surfactant in water so that if a treatment
was 10% surfactant, then the treatment applied was a solution that was 10% formulated
surfactant and 90% water. To prepare treatment solutions that included T-phylloplanins,
stock scintillation vials of lyophilized powders that were prepared according to the
methods of King et al. (2011) were removed from a freezer at 4 °C, allowed to warm to
room temperature for approximately 20 minutes, then re-suspended in the treatment
solution at a concentration of 112 mg mL-1. These solutions were designated ‘16x’ and
consisted of either water alone, surfactant alone, or both. Solutions for treatments of
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commercially available fungicides were prepared by calculating the volume of
formulated fungicide needed to treat the paper disk at a labeled field application rate
applied as a 20 uL aliquot. All solutions that included water used sterile water that had
been autoclaved prior to making stock solutions.
Four total lab assay trials were conducted using S. homoeocarpa and R. solani.
Each trial had its own set of treatments tested against both pathogens. For the first trial,
two sets of treatments were tested against each pathogen and included a water control, a
nonionic surfactant commercially labeled as ‘Induce’ (Helena Chemical Company,
Collierville, TN) alone and mixed with 16x in water at the highest labeled field rate for
greens which is 2.5 mL L-1, 16x alone in water, and either azoxystrobin in water for the
R. solani plates or propiconazole in water for the S. homoeocarpa plates. For the second
set of treatments in the first trial, treatments included a water control, an 80/20 nonionic
formulated surfactant alone (simply designated ‘80/20’) and mixed at a rate of 0.63 mL
L-1 with 16x in water, 16x alone in water and either azoxystrobin in water for the R.
solani plates or propiconazole in water for the S. homoeocarpa plates. It should be noted
that while it is known that the other (non-Induce) surfactant was indeed an 80/20
surfactant, the company was unknown since the container used only stated ‘80/20
surfactant’. Due to this, the rate used was based on the labeled field rate of another 80/20
surfactant (Surf-Ac 820 [Drexel Chemical Company, Memphis, TN]). The
recommended field rate for azoxystrobin is 0.61 kg a.i. ha-1 and for propiconazole is 0.99
kg a.i. ha-1. From these rates it was calculated that 0.06 uL of both formulated fungicide
products would be applied to the paper disks in the 20 µL aliquots of the prepared stock
solutions.
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The second trial used oil based surfactants. Solutions were prepared as 50%
formulated surfactant and 50% water with 16x. The solutions of water and oil settled into
two phases which were tested separately. This was done to determine if the Tphylloplanin protein might have an affinity for one phase over the other. Also, due to
observations from the first trial which suggested the azoxystrobin rate might be too low
and the propiconazole rate too high, the commercially available fungicide rates were
adjusted. As with the first trial, two sets of treatments were tested against both
pathogens. The treatments for the first assay were a water control, the top half of a
solution made by combining a formulated surfactant containing 83% paraffin base
petroleum oil (Maximizer Crop Oil [Loveland Products, Inc., Greeley, CO]) designated
‘Max’ and water with 16x in a 1:1 ratio, the bottom half of this same solution, 16x in
water alone, and either propiconazole or azoxystrobin. The treatments for the second
assay were a water control, the top half of a solution made by combining a formulated
surfactant containing 100% methylated vegetable oil, alcohol ethoxylate, and
phosphatidylcholine labeled as ‘MSO’ (Loveland Products, Inc, Greeley, CO) with water
and 16x in a 1:1 ratio, the bottom half of this same solution, 16x in water alone, and
either propiconazole or azoxystrobin. For both sets, propiconazole was applied at a rate
of 0.25 kg a.i. ha-1 which was 25% of the rate used in the first assay and amounted to
0.015 µL of formulated product applied to the paper disks. Also, azoxystrobin was
applied using a rate of 1.22 kg a.i. ha-1 which is twice the highest labeled rate and
amounted to 0.12 µL ha-1 of formulated fungicide applied to the paper disks.
For the third assay, both sets of surfactants (nonionic and oil-based) were
examined but this time the treatment solutions were either 100% surfactant or included
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the equivalent of a field rate of the surfactant. Due to this, there was no phase separation
with the oil surfactant treatments. As with the previous two trials, there were two sets of
treatments applied to both pathogens. The treatments for the first set were as follows:
16x in water, Induce with 16x and no water, Induce at the highest field rate combined
with 16x in water, 80/20 with 16x and no water, and 80/20 at the highest field rate mixed
with 16x in water. The treatments for the second set were 16x in water, Max with 16x
and no water, Max at the highest labeled field rate mixed with 16x in water, MSO with
16x and no water, and MSO at the highest labeled field rate mixed with 16x in water.
The field rate concentrations for the Max treatment amounted to 4.5 mL L-1 and the rate
for the MSO treatment amounted to 1 mL L-1.
The final assay trial involved using different methods of mixing the treatment
solutions and only focused on 80/20. For this trial, three sets of treatments were used and
tested against both pathogens. In the first two sets, four of the five treatments were the
same and were as follows: 80/20 at the highest labeled field rate mixed with 16x in water,
16x in 100% 80/20 and mixed using sonication for 1 minute, 16x in 100% 80/20 and
mixed using a vortex mixer, and 16x in 100% 80/20 mixed using only a pipet and gently
pulling the solution into the tip and then gently pushing it out several times. In addition
to these four treatments, for the first set a 100% solution of 80/20 was tested without 16x
and for the second set, the 16x in water solution was tested. For the third trial, varying
concentrations of the 80/20 surfactant combined with 16x were examined. These
treatments were 5%, 10%, 20%, 50% and 100% 80/20 solutions mixed with 16x and
water with the exception of the 100% treatment which did not contain any water.
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Pythium Assays
In addition to the S. homoeocarpa and R. solani assays, one additional pathogen
inhibition study was conducted examining the causal agent of pythium blight of
turfgrasses (Pythium spp.). This pathogen was also acquired from Dr. Paul Vincelli’s lab
but was cultured on media containing V-8 juice (Campbell Soup Company, Camden, NJ).
The media was prepared by adding 5g of CaCO3 to 355 mL of V-8 and then centrifuging
the solution at 4000 rpm for 20 minutes. The liquid portion was then poured into a clean
flask and diluted into water in a 1 part juice to 4 parts water ratio. Agar was added at a
rate of 15 g L-1 and the pH of the solution was adjusted to 7 by adding 1 M NaOH and
then autoclaved for 25 minutes. After cooling enough to handle, the liquid was poured
into petri plates to solidify.
Instead of waiting 48 hours to apply treatments to the paper disks as with the
previous assays, the treatments were immediately applied after a sample of the pathogen
was placed in the center of the plate. This was due to the aggressive growth habit of the
Pythium spp. pathogen. As with most of the previous trials, there were also two
treatment sets for this study. The first set of treatments were as follows: 16x in water, a
100% 80/20 solution without 16x, a 100% 80/20 solution with 16x, a solution of 80/20 at
the highest labeled field rate mixed with 16x in water, and mefenoxam at the highest
labeled field rate of 0.77 kg a.i. ha-1 which amounted to 0.03 µL of formulated product
applied to the paper disks. The second set of treatments examined varying concentrations
of the 80/20 surfactant combined with 16x which were 5%, 10%, 20%, 50% and 100%
80/20 solutions mixed with 16x and water with the exception of the 100% treatment
which did not contain any water.
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For all of the previously described assays, photos of each petri plate assay were
taken and visual observations recorded for how well each treatment was inhibiting the
growth of the pathogen. In order to do this, observations were made about how well each
treatment held back the pathogen relative to the treatment disk position such as the
treatment kept the pathogen a distance from the disk, or allowed the pathogen to reach the
edge of the disk, or allowed the pathogen to overtake the disk. When 16x in water alone
was a treatment, other treatments were examined for how well they inhibited the growth
of the pathogen relative to this specific treatment as well.
Dollar Spot Field Studies
Based on the lab assay observations, field studies were initiated. The first study
was established on 29 August, 2013 on the croquet court of the University of Kentucky’s
Spindletop Hall Club property located in Fayette County, Kentucky. This location
consisted of an 8 year-old stand of ‘Sandhill’ creeping bentgrass. The soil type is a
Maury silt loam (fine, mixed, mesic, typic Paleudalf). A similar study was established on
18 April, 2014 on a putting green also located on the Spindletop Hall club property. This
site consisted of a 1 year-old stand of ‘T-1’ creeping bentgrass grown on a surface
constructed to USGA putting green specifications which consisted of 90% sand and 10%
peat mixture. Both sites were irrigated to prevent visible drought stress and mowed 5
times per week at a height of 3.2 mm. No chemicals were applied to either study area
other than the treatments during the evaluation periods.
Several fertilizer applications were made to these sites during 2013 and 2014. On
16 April 2013, a polycoated urea (41-0-0) was applied at a rate of 119.1 kg ha-1 to both
locations which amounted to 48.8 kg N ha-1. Urea was applied to both locations on 6
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May and 6 June at a rate of 53.7 kg ha-1 which amounted to 24.4 kg N ha-1 on both dates.
A fertilizer blend of Andersons Contec (18-9-18) (The Andersons, Maumee, OH) was
applied at a rate of 271 kg ha-1 which amounted to 48.8 kg N ha-1 to the Spindletop green
and croquet court on 11 and 17 September, respectively. After the croquet study was
completed, urea was applied to the Spindletop green on 4 November at a rate of 161.1 kg
ha-1 which amounted to 73.2 kg N ha-1 being applied. Directly prior to the initiation of
the Spindletop green study in 2014, urea was applied to the green on 22 April at a rate of
107.4 kg ha-1 which amounted to 48.8 kg N ha-1.
It should also be noted that on 20 May 2014 the Spindletop green site was aerified
and topdressed, which occurred during the study period. This prevented the collection of
data during this week since the sand made it impossible to clearly see the plots for
observations to be made.
For both studies, the experimental design was a randomized complete block with
7 treatments. The plots in both studies were 1.2 m by 1.2 m with 5 replications.
Treatments in 2013 were applied from 29 August until 27 September and in 2014 were
applied from 18 April until 21 June. Four of the treatments were identical in both studies.
These treatments were a water control applied every seven days, 16x applied every week,
16x mixed with 80/20 at the previously stated field rate concentration of 0.63 mL L-1
applied biweekly, and an alternating mixture of two commercially available fungicides
which were aluminum tris at 9.79 kg a.i. ha-1 with iprodione at 3.06 kg a.i. ha-1 followed
by aluminum tris at 9.79 kg a.i. ha-1 with chlorothalonil at 8.21 kg a.i. ha-1 (Vincelli and
Munshaw, 2013). In 2013, the other three treatments were a half concentration of 16x
designated ‘8x’ applied every week, 8x mixed with 80/20 at its field rate applied
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biweekly, and 16x mixed with 80/20 at its field rate applied every three weeks. In 2014,
the other three treatments were Induce alone in water at the previously stated field rate
concentration of 2.5 mL L-1, 80/20 alone in water at its field rate, and 16x mixed with
Induce at its field rate applied biweekly. For both the 8x and 16x T-LWW solutions,
scintillation vials of the lyophilized powder were stored in a freezer at 4 °C until right
before the solutions were prepared at which point the vials were removed, warmed to
room temperature for approximately 20 minutes, then the powder was weighed and added
to the treatment spray bottles. The amount of added T-LWW powder was 0.6 mg mL-1
and 1.2 mg mL-1 for the 8x and 16x solutions, respectively. It should be noted these
rates amounted to concentrations 100 fold lower than those used in lab assays. The
reason for this difference was based on communications with Wagner (2013) who stated
these smaller concentrations were used in previous field trials based on limited
availability of T-LWW powder, among other reasons. All treatments were applied using
a CO2 powered sprayer that was equipped with two Tee-Jet #8004 spray tips (TeeJet
Technologies, Springfield, IL). The sprayer had a carrier rate of 486 L ha-1 and a
pressure of 207 kPa.
It needs to be pointed out that while the field rate was equivalent, the 80/20
surfactant used for these field trials was not the same 80/20 surfactant that was used in
the lab assays due to there not being enough of the original 80/20 surfactant to conduct
the field trials. Due to this, a new 80/20 surfactant was purchased and used for all field
trials (ProSolutions 80/20 Surfactant [ProSoltions LLC, Springfield, TN]).
The response variable for this study was percent disease severity which was a
visual estimation of the percent of each plot area that was showing symptoms of S.
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homoeocarpa. Visual observations were recorded each week from 29 August until 27
September in 2013 and from 16 May until 27 June in 2014 with the exception of the
week of 19 May 2014 which is when the test area was aerified and topdressed.
Spring Dead Spot Field Study
A study to examine the root infecting pathogen Ophiosphaerella spp. was
established in fall 2013 on a ‘Champion’ bermudagrass green located on the Western
Kentucky University Research Farm in Bowling Green, Kentucky. This site was also
constructed to USGA putting green specifications, mowed at a height of 6.4 mm five
times per week, and irrigated daily from May through August. Urea fertilizer was
applied in May, June, and July of 2013 at a rate that amounted to 48.8 kg N ha-1 each
month for a total of 146.5 kg N ha-1 for the year.
The experimental design was a randomized complete block with four treatments.
Plots were 1.2 m by 1.2 m with five replications. Treatments were only applied on three
dates which were 29 August and 24 September in 2013 and 17 March in 2014 and were
based on the recommendations of Vincelli and Munshaw (2013). The treatments for this
study were a water control, 16x in water, 16x mixed with the field rate of 80/20, and
tebuconazole at a rate of 1.38 kg a.i. ha-1. On the 29 August and 17 March application
dates, both treatments that included 16x were sprayed twice. This was performed to
increase the amount of protein applied to the plots which could not have been done in
solution due to solubility limitations in water. After all treatments had been applied on
the three dates, irrigation was used to move the protein and chemicals into the root zone
where the pathogen would be most active. The amount of water applied was measured
using rain gauges placed at the corners of the test site and the irrigation was turned off
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when the average amount of water applied to the test site was approximately 3.8 cm.
Shortly after the 24 September application, a protective layer of straw was applied to the
test site and remained until about one week before the 17 March application. All
treatment applications for this study were made with the same spray equipment used in
the S. homoeocarpa studies.
The response variable for this study was percent green bermudagrass cover which
was a visual estimation of how much of the bermudagrass in each plot was unaffected by
spring dead spot. Since this data could not be collected until the bermudagrass began to
break dormancy, the first data were not recorded until 9 May. At that point, data was
then also taken on 15 and 22 May and 4 June. Also during this period, three random
samples from plots in this study were taken to the University of Kentucky disease
diagnostic lab and signs of Ophiosphaerella spp. were confirmed which, along with the
fact the plots were covered with straw during the winter months, gave confidence that
observed results were from Ophiosphaerella spp. effects and not abiotic factors.
Data for both the S. homoeocarpa and Ophiosphaerella studies were analyzed
using PROC GLM of SAS version 9.3 (SAS Institute Inc., Cary, NC). Means were
separated through F-protected Fisher’s least significant difference (LSD) tests (p≤0.05 at
α=0.05).
Lab Assay Results
First Hyphal Inhibition Trial
On all four petri plate assays, water alone, Induce alone, and 80/20 alone showed
no signs of inhibition 48 hours after treatments were applied for both pathogens.
Azoxsytrobin provided little inhibition against R. solani (Figure 2.1 A and B) even
though this fungicide is recommended for control of R. solani in the field environment
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Figure 2.1. Petri plate assays for first hyphal inhibition trial. Plates A and B examined
Rhizoctonia solani inhibition while plates C and D examined Sclerotinia homoeocarpa
inhibition. Induce contains 90% alkyl aryl polyoxylkane ethers, alkanolamides, dimethyl
siloxane, and free fatty acids whereas water 80/20 contained 80%
alkylpolyethoxyalkylene ethers and other ethoxylated derivatives. These were examined
alone or at the labeled field rate with the 16x concentration of T-phylloplanins.
Azoxystrobin and propiconazole are effective fungicides against R. solani and S.
homoeocarpa, respectively, and were used for comparison. Red lines indicate zones of
inhibition in front of each treatment disk. A lack of a red line in front of a disk indicates
no inhibition zone at time of observation.
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(Vincelli and Munshaw, 2013). Propiconazole provided a large zone of inhibition against
S. homoeocarpa in both plates where it was used as a treatment (Figure 2.1 C and D). In
this trial, 16x alone in water did provide some inhibition in all four plates but provided
larger inhibition zones against R. solani than against S. homoeocarpa. For the treatments
which mixed 16x in water with a field rate of a surfactant, the combination of 16x with
Induce provided inhibition zones similar to the 16x in water alone treatment against both
pathogens. The treatment which combined 16x with a field rate of 80/20 provided a zone
of inhibition similar to 16x against R. solani but did not provide any inhibition against S.
homoeocarapa.
Second Hyphal Inhibition Trial
After 24 hours had elapsed since treatments were applied, the pathogens began
moving towards the treatment disks but it was still too early to draw conclusions. On all
four plates, the pathogen had begun, or nearly begun, overtaking the water treatment
disks. Most of the inhibition zones for all other treatments on all four plates were nearly
equivalent at this time.
After 72 hours had elapsed since treatments were applied, the pathogens had
spread far enough that final observations could be recorded for this assay set. By this
point, the pathogens had completely overtaken the water treatment on all four plates. For
both R. solani plates, azoxystrobin was nearly or completely overtaken by the pathogen
(Figure 2.2 A and B). Propiconazole again provided a large inhibition zone for both S.
homoeocarpa plates despite the fact that the rate had been reduced from the previous
assay trial (Figure 2.2 C and D). On all four plates, the pathogen was able to get close to,
but not overtake, the 16x in water treatments. For the treatments where 16x was mixed
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Figure 2.2. Petri plate assays for second hyphal inhibition trial. Plates A and B
examined Rhizoctonia solani inhibition while plates C and D examined Sclerotinia
homoeocarpa inhibition. Treatments denoted with (MSO) contained methylated
vegetable oil while those labeled with (Max) contained an 83% paraffin base petroleum
oil. These treatments were 50% oil with 50% water so the top (T) and bottom (B) phases
of the prepared solutions were examined and shown here. Azoxystrobin and
propiconazole are effective fungicides against R. solani and S. homoeocarpa,
respectively, and were used for comparison. Red lines indicate how far the pathogens
had spread from the middle of the plates 24 hours after treatment and the black lines
indicate how far the pathogens had spread from the middle of the plates after 72 hours. A
lack of a black line in front of a treatment disk indicates the pathogen had spread to the
edge of the plate.

75

with an oil and the two created phases examined, different results were observed
depending on the oil. Neither the top nor bottom phase of the treatments containing MSO
with 16x provided much inhibition after 72 hours, although neither pathogen had reached
the edge of the plate for the treatments containing the bottom phase of the solution like it
had the water treatment, which demonstrated some inhibition. R. solani had also not
reached the edge of the plate for the top phase of the MSO solution but S. homoeocarpa
did reach the edge for this treatment. Both treatments containing the Max oil performed
better than the treatments containing MSO for both phases of the prepared solutions. The
bottom phase treatments provided inhibition zones similar in size to the 16x treatments
for both pathogens although the top phases had smaller inhibition zones than these
treatments for both pathogens.
Third Hyphal Inhibition Trial
For this assay set, all treatments prevented the pathogens from spreading onto the
treatment disks with the exception of the treatment which consisted of 16x mixed with
100% MSO which did not inhibit S. homoeocarpa from spreading to the edge of the plate
assay (Figure 2.3 D). Both sets of treatments did a better job of inhibiting the spread of
R. solani than S. homoeocarpa. For the plates which examined the non-ionic surfactants
(Induce and 80/20), all treatments including 16x provided nearly equivalent size zones of
inhibition within each plate except for the disks treated with 16x in 100% of 80/20 which
had a larger inhibition zone for both pathogens than the other treatments (Figure 2.3 A
and C). Both sets of oil treatments, those with the Max oil and those with the MSO, had
inhibition zones nearly equivalent in size to the one in front of the 16x treatment within
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Figure 2.3. Petri plate assays for third hyphal inhibition trial. Plates A and B examined
Rhizoctonia solani inhibition while plates C and D examined Sclerotinia homoeocarpa
inhibition. Treatments denoted with (MSO) contained methylated vegetable oil while
those labeled with (Max) contained an 83% paraffin base petroleum oil. Induce
contained 90% alkyl aryl polyoxylkane ethers, alkanolamides, dimethyl siloxane, and
free fatty acids whereas 80/20 contained 80% alkylpolyethoxyalkylene ethers and other
ethoxylated derivatives. These treatments were either 100% surfactant with 16x or mixed
in at a field rate with 16x in water. The red lines indicate how far the pathogens had
spread from the center of the plates 48 hours after treatments were applied.
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Figure 2.4. Petri plate assays for fourth hyphal inhibition trial. Plates A and B examined
Rhizoctonia solani inhibition while plates C and D examined Sclerotinia homoeocarpa
inhibition. 80/20 contained 80% alkylpolyethoxyalkylene ethers and other ethoxylated
derivatives. Pipet, sonic, and vortex represented three types of mixing methods used to
agitate the solution. All three contained 100% of 80/20 plus 16x with no water added.
The pipet treatment was gently mixed by pulling the treatment into the pipet tip and
pushing it out several times. The vortex treatment was placed on a vortex machine for 1
minute. The sonic treatment had the treatment solution container submerged in a
sonicator for 1 minute. The 16x plus 80/20 treatment contained a field rate of the
surfactant in water with 16x added in. Red lines represent how far the pathogens had
spread from the center of the plates 48 hours after treatments were applied.
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each plate with the exception of the treatment of 16x mixed with 100% of MSO, which
was previously discussed (Figure 2.3 B and D).
Fourth Hyphal Inhibition Trial
For the fourth assay trial, it appeared that nearly all treatments had inhibition
zones identical in size 48 hours after treatment against R. solani including the 80/20 alone
treatment with the exception of the 16x in water with a field rate of 80/20 treatment
which did not appear to hinder the pathogen as well as the other treatments (Figure 2.4
Plates A and B). Different results were observed for the S. homoeocarpa plates. On
these plates, the pathogen grew to the edge of the disks treated with 16x in water with a
field rate of 80/20 as well as the 16x in water treatment without 80/20. The pathogen had
also already begun spreading over the disk containing 80/20 alone at this time. The other
three treatments which examined different methods for agitating solutions containing
100% 80/20 with 16x all had equivalent size inhibition zones which were much larger
than the inhibition zones of 16x in water with and without 80/20 (Figure 2.4 Plates C and
D). It should be noted that 48 hours after the previously observed results were recorded,
both pathogens had spread to the edge of, or begun growing over, the treatment disks
containing 80/20 alone and 16x in water with and without 80/20 (not shown). The other
three treatments containing 100% 80/20 with 16x were still maintaining distinct zones of
inhibition against both pathogens.
In addition to the previously stated results, the fourth assay trial also examined
different concentrations of 80/20 with 16x in water. For these assays, all treatments again
appeared equivalent against R. solani 48 hours after treatments were applied (Figure 2.5
Plate B). Against S. homoeocarpa, the 5, 10, 20, and 50% concentrations of 80/20 all
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Figure 2.5. Surfactant concentration assays for fourth hyphal inhibition trial. Plate A
examined Sclerotinia homoeocarpa inhibition while plate B examined Rhizoctonia solani
inhibition. Percentages represent percent 80/20 surfactant present in each treatment.
Water made up the remaining percentage for each treatment. Each treatment contained
16x. Red lines represent how far the pathogens had spread from the center of the plates
towards each disk treatment.
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Figure 2.6. Pythium spp. assay trial. 80/20 contained 80% alkylpolyethoxyalkylene
ethers and other ethoxylated derivatives. Treatments with 80/20 were either 100%
surfactant with 16x or mixed in at a field rate with 16x in water. Mefenoxam is a
common fungicide for prevention of Pythium blight and was used for comparison.
Percentages represent percent 80/20 surfactant present in each treatment. Water made up
the remaining percentage for each treatment. Each treatment contained 16x. Red lines
indicate zones of inhibition in front of each treatment disk. A lack of a red line in front of
a disk indicates no inhibition zone at time of observation.
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stopped the spread of the pathogen right at the edge of the treatment disks and therefore
appeared identical in their effectiveness. There was, however, a larger zone of inhibition
in front of the 100% 80/20 with 16x disk (Figure 2.5 Plate A). After another 48 hours
had passed, the results against S. homoeocarpa were the same but the results against R.
solani were more similar to the original S. homoeocarpa results with the exception that
the 50% 80/20 plus 16x treatment maintained a slightly larger inhibition zone than the 5,
10, and 20% treatments but this zone was still smaller than the 100% zone (not shown).
Pythium Assays
Despite treatments being applied immediately after the pathogen was placed onto
the assay plate, the pathogen spread quicker than R. solani or S. homoeocarapa. After 48
hours, only the 16x, 80/20 alone, and 100% 80/20 with 16x treatments had inhibition
zones, although these zones were small and the pathogen had already grown over half of
each treatment disk (Figure 2.6 Plate A). The field rate of 80/20 in water with 16x and
the commercial fungicide treatments offered no resistance against the pathogen after 48
hours and therefore the pathogen completely overgrew the disks for both of these
treatments.
For the concentration assay plate, the 10, 20, 50 and 100% 80/20 with 16x
treatments all had slight inhibition zones after 48 hours (Figure 2.6 Plate B). The zones
for the 20, 50, and 100% treatments were all nearly equivalent in size and the zone for the
10% treatment was smaller. The 5% treatment did not have an observable inhibition
zone.
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Field Results
2013 Croquet Court Trial
Although lower disease pressure was desirable for initiating treatments, the plots
already had some dollar spot symptoms visible when the first applications were made on
29 August with mean dollar spot severity ranging from 13-22% across all plots (Figure
2.7). Since treatments were initiated on this day, differences in disease pressure on this
date were due to environmental effects and were not treatment effects. After the
treatments were first applied, the main effect of the treatments was significant (P<0.05)
on all other observation dates (Table 2.1).

The mean disease severity of plots treated

with just water was high for most of the trial period with the exception of the 4 October
date. Despite its high severity ratings, the water treatment was not significantly different
from many other treatments during most of the trial period. On 6 September, it had
significantly more disease pressure than all treatments other than the 16x with 80/20
treatment applied every 21 days and the 8x with 80/20 treatment. For 13 and 20
September, the water treatment only had significantly more disease pressure than the 8x
and 16x treatments and on 4 October was only significantly different, but better, than the
8x with 80/20 treatment. On 27 September the water treatment was not significantly
different than any T-phylloplanin treatment. It should be noted that the lower disease
pressure on 4 October was in part due to the plot in the fifth replication having
significantly less disease severity than all other water plots due to an unknown reason.
The mean severity of all plots treated with the T-phylloplanin treatments was very
similar throughout the study. Plots treated with the 8x, 8x with 80/20, and 16x with
80/20 applied every 14 days had mean disease severities that were not significantly
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Figure 2.7. Disease progress curves of dollar spot on the croquent court in 2013. Numbers above curves represent F-protected
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which were applied every 14 days and the 16x80/20d21 treatment which was applied every 21 days.
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F
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26.3

10.39

F
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9/13

<.0001
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0.0972

18.4

20.06

F
1.50

Table 2.1. Analysis of variance values for main effects of treatments on disease severity in the croquet court in 2013.
9/20

<.0001

Pr>F
0.2336

different on 6, 13, and 20 September. On these dates, these three treatments were also
not significantly different from the 16x or the 16x with 80/20 applied every 21 days
treatments although the 16x with 80/20 applied every 21 days treatment was significantly
different and worse than the 16x treatment on all three dates. No T-phylloplanin
treatment was significantly different than the others on 27 September and 4 October.
For all observation dates in 2013, the commercial fungicide had mean disease
severity ratings that were significantly different and less than all other treatments. Mean
disease severity for all treatments in 2013 ranged from 3-44%.
2014 Spindletop Green Trial
Mean disease severity at the start of the 2014 trial was less than the 2013 trial,
with initial mean severity ratings of 0-7% across all plots (Figure 2.8). As with the first
trial, the initial disease severity ratings were due to environmental effects and were not
treatment effects. After the treatments were first applied, the main effect of the
treatments was significant (P<0.05) on all other observation dates (Table 2.2).
The mean disease severity for plots treated with water were also high in this year
with the water treatment having the highest mean disease severity rating on four of the
observation dates. For the duration of the trial period, the water treatment was not
significantly different than most of T-phylloplanin and surfactant treatments. The
exceptions to this were the 16x treatment which was significantly different, and had less
disease pressure, than the water treatment on 6 June, 21 June, and 27 June and the 16x
with 80/20 treatment which was significantly different, and had less disease pressure,
than the water treatment on 27 June.
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0.79

Observation Date
6/6

<.0001

Pr>F
0.5444

17.6

18.67

F
2.56

6/13

Table 2.2. Analysis of variance values for main effects of treatments on disease severity in the Spindletop green in 2014.

<.0001

Pr>F
0.0644

Among the T-phylloplanin and surfactant treatments, there was not much
separation with the main exception of the 16x treatment which separated itself as the trial
period progressed. On 30 May, all T-phylloplanin and surfactant treatments were
statistically equivalent to 16x. On 6 June only the Induce treatment was significantly
different and worse than 16x. For the 13 June observation date, only the Induce and 16x
with Induce treatments were significantly different and worse than the 16x treatment. On
this date, however, the Induce treatment was also significantly different and worse than
the 16 with 80/20 treatment. All other treatments were not significantly different on this
date. By the 21 June observation date, only the 16x with 80/20 treatment was not
significantly different than the 16x treatment with the other treatments all being
significantly different and worse than 16x. The 16x with 80/20 treatment was also not
significantly different from the other treatments on this date though. The last observation
date on 27 June showed all T-phylloplanin and surfactant treatments to not be statistically
different from each other but all were statistically different and worse than the 16x
treatment.
For all observation dates in 2014, the commercial fungicide had mean disease
severity ratings that were significantly different and less than all other treatments. Mean
disease severity for all treatments in 2014 ranged from 0-57%.
It should be noted that for this year, there was a two week gap in data between the
first and second observation dates of 16 May and 30 May. This was due to the test site
being aerated and top-dressed during this time which made data collection impossible.
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89

F
3.08

4.39

24.4

Source
Block (Rep)

Treatment

CV (%)

5/9

0.0265

Pr>F
0.0582

20.0

3.64

F
0.83

5/15

0.0449

Pr>F
0.5293

28.4

3.00

F
0.72

Observation Date
5/22

0.0728

Pr>F
0.5974

13.4

4.13

F
0.96

Table 2.3. Analysis of variance values for main effects of treatments at the Western Kentucky research farm in 2014.
6/4

0.0315

Pr>F
0.4620
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Figure 2.9. Percent green bermudagrass cover from all treatments at the Western Kentucky University research farm in 2014.
Numbers above curves represent F-protected Fisher's LSD values (p=0.05). Treatments were applied twice in the fall and once in

Bermudagrass Cover (%)

Spring Dead Spot Trial
Ratings for the spring dead spot trial were not initiated until enough bermudagrass
had begun to turn green to allow for sufficient ratings to be taken. Also, ratings could not
continue so long that green bermudagrass growth could begin spreading into dead areas
which would skew the results. Due to this, the narrow window from 9 May to June 4 was
used. During this period, although not highly significant, the main effect of the
treatments was significant on all dates other than the 22 May observation date (Table
2.3).
The water treatment was near or at the bottom for the observation period. During
this period it was not significantly different than any other treatment other than the
commercial fungicide. It was, however, equivalent to the commercial fungicide
treatment on 22 May.
For the T-phylloplanin treatments, both treatments were statistically equivalent on
all dates other than 22 May, at which point the 16x treatment was significantly different
and worse than the 16 with 80/20 treatment. On all observation dates, the 16x with 80/20
treatment was not significantly different than the commercial fungicide. The range in
percent green bermudagrass cover was from 41-83% during the observation period
(Figure 2.9).
Discussion and Conclusions
Dollar Spot Studies
The results of the lab assay trials indicated that three of the examined surfactants
(Induce, 80/20, Max), when combined with 16x, inhibited the growth of both pathogens
at least as well as 16x alone. The combination of 16x with the MSO surfactant, however,
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did not appear to inhibit hyphal spread as well as 16x alone especially against S.
homoeocarpa. This indicates that the MSO surfactant may have actually decreased the
efficacy of T-phylloplanins in the lab assays. While the combination of the other three
surfactants with 16x appeared to at least provide results equivalent to 16x alone, only the
combination of 16x with 80/20 appeared to provide any enhancement effect over 16x
alone. From the assay trials it was also concluded that the method used to agitate the 16x
with 80/20 surfactant solution did not matter. It was also concluded that the use of 16x
with or without 80/20 did not have a large enough effect against Pythium spp. to warrant
further investigation in this study.
Of the 16x with 80/20 concentrations tested, it appeared that 16x with a 100%
concentration of 80/20 caused the greatest enhancement in hyphal inhibition. In a field
setting though, it is not possible to spray a 100% surfactant solution. Since field
conditions are different from the lab though with factors such as the environment and
other organisms having an effect, it was decided to move forward with examination of
16x with 80/20 but at the labeled field rate.
The 2013 and 2014 field trials yielded different results. The results of 2013
indicated that no treatment was as effective as the commercial fungicide for preventing
and reducing dollar spot symptoms and most treatments were no better than water alone.
While the 8x and 16x treatments were significantly better than water for the first few
observation dates, even these treatments were not significantly better than water by the
end of the study. This is in contrast to the results of King (2011) who reported a
significant effect of the 16x treatment, in particular, against this disease. The fact that
there was already some disease pressure at the beginning of this study though, coupled
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with the fact that pressure got much worse as the trial progressed may have contributed to
the reduced effect of the 16x treatment. Even the King (2011) work reported better dollar
spot control when the treatment was applied preventatively instead of curatively. The
disease pressure in this study made it more curative than preventative in nature. The
addition of surfactants in 2013 did not significantly increase or decrease the efficacy of
the 8x or 16x treatments for most of the trial with the exception of the 8x with 80/20
treatment on the last observation date which had the highest mean disease severity rating.
For the 2014 trial, no treatment was again as effective as the commercial
fungicide for decreasing dollar spot severity. The 16x treatment did perform better than
the other treatments by the end of the year but the disease severity for even this treatment
would be considered too high for most creeping bentgrass managers. While most other
treatments were not significantly better than water, the16x with 80/20 treatment was not
significantly different than the 16x treatment except on the last observation date.
Spring Dead Spot Study
The results of the spring dead spot study were more positive than the dollar spot
results. While no treatment other than the commercial fungicide was statistically
different than water, the 16x with 80/20 was statistically equivalent to the commercial
fungicide. While not statistically significant, it is worth noting that in this study 16x
yielded results that were numerically very close to water and much lower than the values
for 16x with 80/20.
Summary
The results of this preliminary study indicate that the addition of a non-ionic
surfacant, in particular one labeled as an ‘80/20’ surfacant, to applications of T-
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phylloplanins sprayed every 14 days may yield results equivalent to just 16x alone being
applied every 7 days against dollar spot disease of creeping bentgrass. This needs to be
confirmed though through further research comparing 16x alone applied every 14 days to
16x with a water surfactant every 14 days to confirm that 16x alone would not yield the
same results after 14 days and thus the addition of the surfactant is indeed beneficial.
Against diseases which are less aggressive in the field such as brown patch, these results
might be even more positive.
The results of the spring dead spot study suggest that adding a water based
surfactant to 16x against a root infecting pathogen may be very beneficial. The fact that
16x alone performed much worse than 16x with 80/20, numerically, indicates that the
surfactant might be aiding in allowing the T-phylloplanin protein in getting to the
pathogen. It is possible that when applied alone, the protein gets degraded before
interacting with the pathogen but the addition of the surfactant might offer some type of
protective effect to the protein. It is also possible that the surfactant might allow the
protein to persist better in the soil and not be leached out as quickly. More research
needs to be conducted against Ophiosphaerealla spp. and other root infecting pathogens
to confirm these results. Since this study made two applications of 16x to both Tphylloplanin plots on two of the three application dates , future work also needs to
examine if the same results could be obtained with only one application to each plot on
each application date.
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Appendix A

Carbon Project Quality Means

Table A.1. Mean quality ratings for all carbon project treatments during the growing
season in 2013. Ratings were taken on a 1-9 scale with 1 representing dead or dormant
grass and 9 represented perfect turf quality.

Treatment

Observation Date

Apr.

May

June

July

Aug.

Sep.

Oct.

Endemic Polystand

3.0

4.9

2.9

3.1

3.4

3.5

3.4

Kentucky Bluegrass

6.0

7.3

6.9

6.6

7.5

7.2

7.5

Tall Fescue

7.0

7.1

6.7

6.9

7.7

7.5

7.8

4.7

5.2

1.9

Zoysia†

†Due to re-establishment of the zoysia plots in late July, only ratings after this time are
shown
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Table A.2. Mean quality ratings for all carbon project treatments during the growing
season in 2014. Ratings were taken on a 1-9 scale with 1 representing dead or dormant
grass and 9 represented perfect turf quality.

Treatment

Observation Date

Apr.

May

June

July

Aug.

Sep.

Oct.

Nov.

Endemic Polystand

3.3

3.4

2.9

2.9

2.2

2.2

2.5

2.6

Kentucky Bluegrass

4.0

7.0

6.7

7.3

6.9

8.1

8.1

8.7

Tall Fescue

4.7

7.2

8.4

8.1

7.7

8.0

8.1

8.5

Zoysia

1.0

4.5

5.5

5.8

4.7

6.2

5.5

1.7
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Nimblewill
Tall Fescue
White Clover
Wild Violet

Common Name
Annual Bluegrass
Corn Speedwell
Dandelion
Ground Ivy
Kentucky
Bluegrass
Mouseear
Chickweed
27 9 8 23
4 13 18 11
2 2
3 1

4 19 10
1 2
2

1

17
5 27 18 13
5 3 4 1

1

3

8

4
9 5 14 21
6 14 2 8

2

7

Cerastium vulgatum L. Vill.
Muhlenbergia schreberi J.F.
Gmel.
Festuca arundinacea Schreb.
Trifolium repens L.
Viola sororia Willd.

5

9 23 12 10 31 23 36 37 19 10 35 33 23 32

Poa pratensis L.

Latin Name
Poa annua L.
Veronica arvensis L.
Taraxacum officinale F.H. Wigg.
Glechoma hederacea L.

15-May
Rep 1
Rep 2
Rep 3
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
3
1 2 3
1 1
4
1
2
4 2 1
1 1 1
2 1 2 5
1
1

Table B.1. Botanical plant counts for 15 May 2013 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49 interior
intersections was randomly placed to obtain counts from five sample areas (S) within each plot.

Botanical Plant Counts From Endemic Polystand Plots

Appendix B
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Nimblewill
Perennial Ryegrass
Redtop Bentgass
Tall Fescue
White Clover
Wild Violet

Common Name
Bermudagrass
Broadleaf Plantain
Dandelion
Dallisgrass
Ground Ivy
Kentucky
Bluegrass
Mouseear
Chickweed
Narrowleaf
Plantain
Plantago lanceolata L.
Muhlenbergia schreberi J.F.
Gmel.
Lolium perenne L.
Agrostis gigantea Roth
Festuca arundinacea Schreb.
Trifolium repens L.
Viola sororia Willd.

Cerastium vulgatum L. Vill.

Poa pratensis L.

Latin Name
Cynodon dactylon L.
Plantago major L.
Taraxacum officinale F.H. Wigg.
Paspalum dilatatum Poir.
Glechoma hederacea L.

2

3
2

3
7
2

1
2

7
9

3

3 8 22
1 14 5
1

10

1
1
1
10
10
6 20 14 6

2

1

3
2

8 33 12 17 33 38

1
3 3
7 1 26
6 21 2

6 14

1

6 11 12 14 15 12 19

32 17 30 15 23 10
1
1

9 12

21-Jun
Rep 1
Rep 2
Rep 3
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
2 10
14
2
1
2 1 2
4
2 4
1 4
6
3 1
1 3 7 7 5

Table B.2. Botanical plant counts for 21 June 2013 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49 interior
intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Nimblewill
Perennial Ryegrass
Redtop Bentgass
Tall Fescue
White Clover
Wild Violet

Common Name
Bermudagrass
Broadleaf Plantain
Dandelion
Dallisgrass
Ground Ivy
Kentucky
Bluegrass
Narrowleaf
Plantain
Plantago lanceolata L.
Muhlenbergia schreberi J.F.
Gmel.
Lolium perenne L.
Agrostis gigantea Roth
Festuca arundinacea Schreb.
Trifolium repens L.
Viola sororia Willd.

Poa pratensis L.

8
1
3 19
2

3
8
2

4
3
5

3 1
9 12
1 1

5 11 23 19
1

2
8

14
8 9 10

6
6 17 2 7
5 1 12 11

8

1

1

4
3

1

5 19 26 17 13 31 27

11 15

1

4 13 13 36 21

16

9 19 16

19-Jul
Rep 1
Rep 2
Rep 3
Latin Name
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
Cynodon dactylon L.
6
1 13
23
1 11
Plantago major L.
1
Taraxacum officinale F.H. Wigg. 1 2 2
1 4 3 5
3 5
4 7 3
Paspalum dilatatum Poir.
4 2 1 2 2
3
Glechoma hederacea L.
11 6 5 6 5

Table B.3. Botanical plant counts for 19 July 2013 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49 interior
intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Nimblewill
Perennial Ryegrass
Redtop Bentgass
Tall Fescue
White Clover
Wild Violet

Common Name
Bermudagrass
Broadleaf Plantain
Dandelion
Dallisgrass
Ground Ivy
Kentucky
Bluegrass
Poa pratensis L.
Muhlenbergia schreberi J.F.
Gmel.
Lolium perenne L.
Agrostis gigantea Roth
Festuca arundinacea Schreb.
Trifolium repens L.
Viola sororia Willd.
2
2
3

5
5

7
4
4

2 1
6 10
4

5 6
7 10

10

9 15 14

2
3
1

7
9 25

8 14 13

21 10 12 11

11

Latin Name
S1
Cynodon dactylon L.
Plantago major L.
Taraxacum officinale F.H. Wigg. 1
Paspalum dilatatum Poir.
3
Glechoma hederacea L.
7

4
8

2

18 19
1
7

2

5
6
1
7

2
8

5 27 14 22 24

5 10

9 17

6 23

22-Aug
Rep 1
Rep 2
Rep 3
S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
17
15
29
14
1
5 5 3 2 5 4 6 7
2 2 4 8 1
1 4 3
1 3
1 2
5
13 3 12 16

Table B.4. Botanical plant counts for 22 August 2013 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49 interior
intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Common Name
Bermudagrass
Common
Knotweed
Dandelion
Dallisgrass
Ground Ivy
Kentucky
Bluegrass
Narrowleaf
Plantain
Nimblewill
Redtop Bentgass
Tall Fescue
White Clover
Wild Strawberry
Wild Violet
1

3 13
11 3
1
4 5

2
7
1

14

3

9 13

5 10

3

12

11

Poa pratensis L.
Plantago lanceolata L.
Muhlenbergia schreberi J.F. Gmel.
Agrostis gigantea Roth
Festuca arundinacea Schreb.
Trifolium repens L.
Fragaria vesca L.
Viola sororia Willd.

2
14

S1

Latin Name
Cynodon dactylon L.
Polygonum arenastrum Jord. Ex
Boreau
Taraxacum officinale F.H. Wigg.
Paspalum dilatatum Poir.
Glechoma hederacea L.

4
16

9

18

1
1

Rep 1
S2 S3 S4

2
9

2
9

1
7

5 17
1

9

1
5 16 13
1

5
1

2

8

5
4

16 10
6
6

1
7

9
7

2
2
2 11 14
7 14 8

1
16 12

3

2
1
2

1
1
2

19 19 26 33 11 10 11 22 29 30 16

3

1

S5

30-Sep
Rep 2
Rep 3
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
23

Table B.5. Botanical plant counts for 30 September 2013 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49
interior intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Nimblewill
Tall Fescue
White Clover
Wild Violet

Common Name
Bermudagrass
Broadleaf Plantain
C4 Grass Skeleton
Dandelion
Ground Ivy
Kentucky
Bluegrass
Poa pratensis L.
Muhlenbergia schreberi J.F.
Gmel.
Festuca arundinacea Schreb.
Trifolium repens L.
Viola sororia Willd.
4
5
2
1

7
4
1
1
2
2

7
1
1

7 16 22 28 19 22 24

5 1 9
20 2
5
4 1 8 2 18 17
1 11 10 16
3 10 10 14 3 11 10 10 1 2

19 20 19 22 10 32 17 28

2 2 2 2
Taraxacum officinale F.H. Wigg. 3 1
2
Glechoma hederacea L.
13 13 24 14

Latin Name
Cynodon dactylon L.
Plantago major L.

Rep 1
S1 S2 S3 S4

28-Oct
Rep 2
Rep 3
S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
15 1 1
1
1
3
1 5 5 5
3 2 4 14 14 9
25
1

Table B.6. Botanical plant counts for 28 October 2013 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49
interior intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Common Name
Common
Chickweed
C4 Grass Skeleton
Dandelion
Dallisgrass
Ground Ivy
Kentucky
Bluegrass
Mouseear
Chickweed
Narrowleaf
Plantain
Orchardgrass
Purple Deadnettle
Tall Fescue
White Clover
Wild Strawberry
Wild Violet
4 12
1 5
1
2 1

1
3
8

9 17
1 2

3 13
1 2

1
2

3
2

1

5
1

3

6

5
1

3

7 14

6

Plantago lanceolata L.
Dactylis glomerata L.
Lamium purpureum L.
Festuca arundinacea Schreb.
Trifolium repens L.
Fragaria vesca L.
Viola sororia Willd.
1

1

2

1

7

13
1

4

1

1

2
3
1

4

34 30 34 35 25 37 26 34 34 32 30 27 32 40 40

1

7 10 12
2

1
4 13
5 2

Cerastium vulgatum L. Vill.

Poa pratensis L.

Taraxacum officinale F.H. Wigg.
Paspalum dilatatum Poir.
Glechoma hederacea L.

Stellaria media L. Vill.

Latin Name

1-Apr
Rep 1
Rep 2
Rep 3
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5

Table B.7. Botanical plant counts for 1 April 2014 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49 interior
intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Nimblewill
Tall Fescue
Timothy
White Clover
Wild Strawberry
Wild Violet

Common Name
Broadleaf Plantain
C4 Grass Skeleton
Dandelion
Fleabane
Ground Ivy
Kentucky
Bluegrass
Mouseear
Chickweed
Narrowleaf
Plantain
Plantago lanceolata L.
Muhlenbergia schreberi J.F.
Gmel.
Festuca arundinacea Schreb.
Phleum pratense L.
Trifolium repens L.
Fragaria vesca L.
Viola sororia Willd.

Cerastium vulgatum L. Vill.

Poa pratensis L.

2

1

3

4 10
4
9 3
1
4 1

2
1
2

3

3 14

4

3
4

4

5
15 27

1

4
1

4 10

3

1

1 2
4 10 14
1 11
4
6

1

3

35 27 15 31 20 33 39 31 25 16 33 32 23 26 21

5-May
Rep 1
Rep 2
Rep 3
Latin Name
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
Plantago major L.
1
1
1
Taraxacum officinale F.H. Wigg. 2 1 6
1 9 6 14 3 5 8 3 13
5
Erigeron philadelphicus L.
2
Glechoma hederacea L.
4 4 9 10 10

Table B.8. Botanical plant counts for 5 May 2014 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49 interior
intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Nimblewill
Orchardgrass
Quackgrass
Tall Fescue
Timothy
White Clover
Wild Violet

Common Name
Bermudagrass
Dandelion
Ground Ivy
Kentucky
Bluegrass
Mouseear
Chickweed
Narrowleaf
Plantain
Plantago lanceolata L.
Muhlenbergia schreberi J.F.
Gmel.
Dactylis glomerata L.
Elytrigia repens L. Gould
Festuca arundinacea Schreb.
Phleum pratense L.
Trifolium repens L.
Viola sororia Willd.
5
1
15

9

3

2

2
6
1

6

5

8

3 16
1
1
7 3 11
1
3 13 4

2
1

1

3

4

1

2

5

1

4 17

2
1

1

3

28

2

4

1

3

3

7 17 24

7

4

Poa pratensis L.

1

15 13 19 12 12 13 35 35 35 13 26 14 16 16 18

Latin Name
Cynodon dactylon L.
Taraxacum officinale F.H. Wigg.
Glechoma hederacea L.

Cerastium vulgatum L. Vill.

2-Jun
Rep 1
Rep 2
Rep 3
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
1
20
21
2 1 1 9 4 4 6 10 5 15 2 2 4 2
2 16 16 15 11

Table B.9. Botanical plant counts for 2 June 2014 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49 interior
intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Nimblewill
Tall Fescue
White Clover
Wild Strawberry
Wild Violet

Common Name
Bermudagrass
Broadleaf Plantain
Dandelion
Dallisgrass
Ground Ivy
Kentucky
Bluegrass
Narrowleaf
Plantain
Plantago lanceolata L.
Muhlenbergia schreberi J.F.
Gmel.
Festuca arundinacea Schreb.
Trifolium repens L.
Fragaria vesca L.
Viola sororia Willd.
5
9

1
8

Poa pratensis L.

4 12 3 13
7 1 13 15
8 2
1
1 1
1

4
2
5

3
8

1
2
7

1
8 10

6

6
5
2

3 10
3 6

1

5
2

7 31 28 14 21 25 35

25 17 20 21

Latin Name
Cynodon dactylon L.
Plantago major L.
Taraxacum officinale F.H. Wigg.
Paspalum dilatatum Poir.
Glechoma hederacea L.
9 15 30 26

3-Jul
Rep 1
Rep 2
Rep 3
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
15
28
5 14 18 4
4
2 1 1
5 8 12 4 4 5 7 3 4 3
1 1 1
1
15 16 7 9 8

Table B.10. Botanical plant counts for 3 July 2014 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49 interior
intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Common Name
Bermudagrass
Bird's-foot Trefoil
Broadleaf Plantain
Dandelion
Dallisgrass
Ground Ivy
Kentucky
Bluegrass
Mouseear
Chickweed
Nimblewill
Orchardgrass
Tall Fescue
White Clover
Wild Strawberry
Wild Violet
1

8
2 13

8

5
3
4
7

1 2
1
2
1 11
1

2
1

1
5
3

1
2

2

11 14

5
5

1

1
18

Cerastium vulgatum L. Vill.
Muhlenbergia schreberi J.F. Gmel.
Dactylis glomerata L.
Festuca arundinacea Schreb.
Trifolium repens L.
Fragaria vesca L.
Viola sororia Willd.

5

7 23 14 16 19 38 18 30 29 15

1

1
2 11

Poa pratensis L.

Latin Name
Cynodon dactylon L.
Lotus corniculatus L.
Plantago major L.
Taraxacum officinale F.H. Wigg.
Paspalum dilatatum Poir.
Glechoma hederacea L.

Rep 1
S S S S S S
1 2 3 4 5 1
14
8
1
1 1 1 1 7
1
8
12 3 7 13 6

6

1

1

5

1

3

1 25
8 6

6

3 19
7 1

2

8 21 10 24 22

6

4-Aug
Rep 2
Rep 3
S S S S S S S S S
2 3 4 5 1 2 3 4 5
22
2 11 31 13 1 14

Table B.11. Botanical plant counts for 4 August 2014 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49 interior
intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Nimblewill
Tall Fescue
White Clover
Wild Violet

Common Name
Bermudagrass
Dandelion
Dallisgrass
Ground Ivy
Kentucky
Bluegrass
Narrowleaf
Plantain
15 11 16 15

5
6

Plantago lanceolata L.
Muhlenbergia schreberi J.F.
Gmel.
Festuca arundinacea Schreb.
Trifolium repens L.
Viola sororia Willd.

7
2

2 1
4 10
3 8

1 3
6 25

6 21 26 35 24 38 19

2 10 6
1
3 7 10 2 11
17 3 8 12 5
3 2 1 1 4

3
3
3

Poa pratensis L.

2

20 13 10

1

Latin Name
Cynodon dactylon L.
Taraxacum officinale F.H. Wigg.
Paspalum dilatatum Poir.
Glechoma hederacea L.

Rep 1
S1 S2 S3 S4

2
7

5

1

9 17
5 1

1

6 12 32 19

2-Sep
Rep 2
Rep 3
S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
11
31 26
1 11 3 5 6 4 2 3 5 2 11
1
1
23

Table B.12. Botanical plant counts for 2 September 2014 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49
interior intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Nimblewill
Orchardgrass
Redtop
Bentrgass
Smooth
Crabgrass
Tall Fescue
White Clover
Wild Violet

Common Name
Bermudagrass
Dandelion
Dallisgrass
Ground Ivy
Kentucky
Bluegrass
Narrowleaf
Plantain

Agrostis gigantea Roth
Digitaria ischaemum Schreb.
Schreb. ex Muhl
Festuca arundinacea Schreb.
Trifolium repens L.
Viola sororia Willd.

Plantago lanceolata L.
Muhlenbergia schreberi J.F.
Gmel.
Dactylis glomerata L.

Poa pratensis L.

Latin Name
Cynodon dactylon L.
Taraxacum officinale F.H. Wigg.
Paspalum dilatatum Poir.
Glechoma hederacea L.

3
5
4

1

18

3
1

11

10

1

2

1
1
1

9

9 32

6
3
3

6

21

5
4

4

3

19

13
6

24

4

1
4

1
5
4

1

3

15 31 22

13
2 4

8

6

3

1
9
5

1

1

4 10 35 28 16

2-Oct
Rep 1
Rep 2
Rep 3
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
21
1
22
3 24 12
4
1
1
5 2
5 14
6
8 13 7 19 2 5 6 27
3
17 23 11 3
4

Table B.13. Botanical plant counts for 2 October 2014 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49
interior intersections was randomly placed to obtain counts from five sample areas (S) within each plot.
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Nimblewill
Redtop Bentrgass
Tall Fescue
White Clover
Wild Strawberry
Wild Violet

Common Name
Broadleaf Plantain
C4 Grass Skeleton
Dandelion
Ground Ivy
Kentucky
Bluegrass
Narrowleaf
Plantain
Plantago lanceolata L.
Muhlenbergia schreberi J.F.
Gmel.
Agrostis gigantea Roth
Festuca arundinacea Schreb.
Trifolium repens L.
Fragaria vesca L.
Viola sororia Willd.
1

2

4 1
3 3
4 11
2

2
6

2

1

6
7 12 10
1 3 3

1 26
3 2

6
4

4 22
6

2
1
2

4 16
5 4

Poa pratensis L.

1

37 26 24 28 25 22 29 28 18 27 33 23 33 32 27

Taraxacum officinale F.H. Wigg.
Glechoma hederacea L.

Latin Name
Plantago major L.

3-Nov
Rep 1
Rep 2
Rep 3
S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
1
1
1
9 2 2 5 2 1
4 3 5 1
5 7 16 2 3 4
8 5 1
5 9 3 10 15

Table B.14. Botanical plant counts for 3 November 2014 from all endemic polystand plots. A 0.95 x 0.95 m metal frame with 49
interior intersections was randomly placed to obtain counts from five sample areas (S) within each plot.

Appendix C

Croquet Court Treatment Means

Table C.1. Mean disease severity† of dollar spot across all treatments at the croquet
court site in 2013. Treatments with the same letter following ratings are not significantly
different on that observation date.

Treatment

Observation Date

8/29

9/6

9/13

9/20

9/27

10/4

Water

22a

28a

34a

36a

30a

27b

8x

13b

17bc

23bc

26b

29a

38ab

8x80/20

18ab

22abc 27abc 31ab

35a

44a

16x

17ab

15c

21c

28a

35ab

16x80/20d14

16ab

20bc

29abc 32ab

34a

36ab

16x80/20d21

16ab

23ab

31ab

36a

34a

38ab

Commercial Fung.

17ab

6d

6d

6c

14b

3c

29b

†Mean disease severity is a visual estimation of the percent of the plot affected by
Sclerotinia homoeocarpa.
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Appendix D

Spindletop Green Treatment Means

Table D.1. Mean disease severity† of dollar spot across all treatments at the Spindletop
green site in 2014. Treatments with the same letter following ratings are not significantly
different on that observation date.

Treatment

Observation Date

5/16

5/30

6/6

6/13

6/21

6/27

Water

6a

14a

30a

39abc 49a

57a

16x

4a

11a

22b

32c

37b

37c

Induce

6a

15a

30a

42a

49a

54ab

16xInduce

7a

12a

27ab

40ab

46a

52ab

80/20

5a

13a

27ab

37abc 48a

51ab

16x80/20

6a

14a

25ab

33bc

42ab

46b

Commercial Fung.

0b

0b

0c

9d

0c

6d

†Mean disease severity is a visual estimation of the percent of the plot affected by
Sclerotinia homoeocarpa.
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Appendix E

Western Kentucky Farm Treatment Means

Table E.1. Mean green bermudgrass cover across all treatments at the Western Kentucky
Research Farm in 2014. Treatments with the same letter following ratings are not
significantly different on that observation date.

Treatment

Observation Date

5/9

5/15

5/22

6/4

Water

41b

54b

51ab

64b

16x

41b

53b

42b

66b

16x80/20

57ab

67ab

65a

75ab

Commercial Fung.

64a

75a

69a

83a

†Mean green bermudagrass cover is a visual estimation of the percent of the plot that is
covered by living, green bermudagrass.
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