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CHAPTER |

INTRODUCTION

Approximately 50 million acres of land are managed as turf in the form of
residential lawns, athletic fields, golf courses, highway roadsidesieeese and parks
with an annual estimated value of $57.9 billion (Haydu et al., 2006). Golf courses
located near municipalities can be a significant competitor for urban sugiplies. U.S.
golf course irrigation is estimated to use more than 476 billion gallons of wakeyesc
(Zoldoske, 2003). In the more arid regions of the West and Southwest, watering
withdrawals for irrigation practices and landscaping are highest (ER#@&nS8ense,
2008). A reported average of 88 million gallons of water per course can be eshsum
each year in the Southwest United States. According to The Irrigationi&tgsoc
(2003), of all fresh water used in the U.S. for the purpose of irrigation, 79.6 % is in
agriculture, 2.9% is in landscape, 1.5% is in golf courses, and 16% is consumed by
humans, animals, and industry (Zoldoske, 2003). Even though 1.5% may seem
insignificant, a majority of golf courses are located within urban arehsse highly
treated potable water supplies. Therefore, reducing consumption of watehthroug
improved irrigation practices and water conservation can provide substantial benefits
reducing costs to treat water and reducing seasonal strain on water imbtieske,

2003).



Proper landscape water use and irrigation management, which produces appealing
landscapes, can increase property values, provide a safe and naturabredraaface,
and can contribute to social harmony and mental health. Turfgrass and landaonggpe pl
provide several functional uses such as erosion control, dust prevention, heat dissipation,
glare reduction, and serve as environmental buffers and filters (Beard and Gregn, 1994
Over the years, Oklahoma’s most populous cities have experienced continued
population growth. From 1990 to 2006, Oklahoma City, Broken Arrow, and Edmond
experienced population growth of 20.9%, 52.2%, 46.5% respectively (United States
Census Bureau, 2008). With urban and suburban sprawl increasing throughout
Oklahoma, areas of previously non-irrigated pasture and/or croplands aredeiaged
to homeowner and commercial landscapes generally composed of turfgrasser lioio
the expanded area of lawn cover to remain appealing to property owners without
increased total demand, conserving irrigation practices must be employedsgalae
managers. As can be expected, continued increase in irrigated landscagethacstate
will result in increased residential water demand. Not only is municipabyed water
costly to treat and deliver, when supplies such as reservoirs, treatmetie$acihd
sewage facilities need to be expanded, infrastructure development rabg beeater
cost than demand side management. Therefore, it is important to determine current
landscape irrigation practices and to assess the willingness to adopt surfgras
management practices, such as selection of more drought tolerant turfgrads, use
alternative or reused “gray” water, and irrigation systems whichecom®©klahoma’s
water supply. The objective of this study is to identify determinants of currgation

practices used by Oklahoma turfgrass managers of golf and park land.



CHAPTER Il

REVIEW OF LITERATURE

Little research has been conducted on the adoption of water conservation by
recreational turfgrass managers and other large scale users of twitgssds of the
residential setting. Munoz-Carpena et al. (2004) found that in the 11 years prior,
managers adopted water conservation measures to save water, time, and nileney w
increasing soil moisture monitoring. However, the sample size was only 8 out of 29
targeted managers, underscoring the difficulty of obtaining adequate resptessfrom
this particular turf industry.

Carrow (2006) addresses the question of whether or not turfgrass can be
maintained yet still satisfy customers’ preferences and standardswelter conservation
measures and strategies are implemented. The author presents four main point
pertaining to this question: in many situations sound water conservation sga@gie
result in decreased water usage on turf sites; turf quality can be affestezhia way
that will diminish its value to customers; some customers receive lsefnefit turfgrass;
water conservation could have environmental, economical, or recreational costsv(Ca
2006). Shmanske (1999) found that both beauty and the condition of the course
increased golf course revenue. Therefore, managers may be risk a\adepting

conservation measures that they perceive as potentially reducing the gueditirse.



Effective and successful water conservation strategies should bpesities and
can include: use of non-potable water sources for irrigation-altereditex sources
(water reuse), selection of turfgrass species/cultivars and landseapefpl water
conservation (drought/heat resistance), landscape design for water atioserv
(xeriscape), efficient irrigation system design (spatial vartgpiimproved irrigation
scheduling, and modifying management practices to enhance water-usa&fficOver-
watering can occur on irrigated sites because managers may no¢ iaggatding to
plant needs, making it necessary for irrigation applications to be pairechwittué
water needs of plants. Education about water conservation techniques is key for their
adoption. Turf managers may be more accepting of new water conservation technology
if quality educational opportunities from trained specialists and consultatsaale
readily available and easily accessible (Carrow, 2006).

Higher mowing heights encourage deeper rooting, increasing turf sutvinrag
droughts and reducing water loss through evaporation (Biran et al., 1981). éahprov
cultivars can replace high water use grasses on golf fairways and rouglasge
geographic area of the Midwest resulting in water savings of 50% or moited$tates
Golf Association, 2009). A variety of cultivars may be available for drowigrtance,
depending on the climate zones in Oklahoma (Martin, 2009). Zoned irrigation systems
can be used to control the amount of water used on different plant materials. During
establishment, plants require larger amounts of water than established [jat¢s use
zones should be run on schedules that suit the needs of the plant material for each zone
(Moss, 2011). Irrigation scheduling involves scheduling the time and amount of water

applied to a crop based on the amount of water present in the crop root zone, the amount



of water consumed by the crop since the last irrigation, and other management
considerations such as salt leaching requirements, deficit irrigation, anyliel
relationships. This water conservation practice reduces the chance of too rtacch or
little water being applied to an irrigated crop (Texas Water DevelopBwantl, 2005).

Outdoor watering is changing dramatically, and as a result, so mustsaaitegy
strategies and standards for efficiency. With increasing demand on theslln@siource,
it is important for water managers and officials to develop innovative rules and
implement water saving strategies to limit water depletion causegdagsive irrigation.
Much of the irrigation water is often treated to a needlessly high stanchanehilable for
alternative uses, and increases in supply may be obtained at a higher margthaincos
the marginal cost of water conservation. In order to accomplish increaisesheff,
Vickers (2006) provides several actions including: limiting the number of wgteays
per week or even month, reducing the area allowed for irrigation, and upgrading to
xeriscape principles, i.e. natural lawns and landscapes that only requireahurignation
or natural rainwater to thrive. Rules which limit outdoor water consumption should not
only be reinforced, but also improved. For example, it may be beneficial for thef size
irrigation systems to be decreased and for new standards for landscapeadesigatt
(Vickers, 2006).

In another study relating to water conservation, Michelson et al. (1999)redm
the effectiveness of different types of non price conservation programs thditdeave
implemented in the Southwestern United States in residential settings. wagarty
providers across the United States have developed and implemented non-price

conservation measures to reduce residential water consumption in responsepatedhti



growth in demand. A residential water demand model was utilized which included
parameters to account for variation in water price, temperature, precipitatd other

factors. The authors found that non-price conservation measures, such asmducati

public information, appliance retrofit, and ordinances, induced reductions in water
demand by 1.1 to 4.0 % per conservation program. The results of this study reinforce the
notion that non-price water conservation programs will be effective in reducing

residential water demand and consumption (Michelsen et al., 1999). Since no equivalents
exist in the recreational industry, we assume that similar resultsaeir for municipal
recreational turf users.

Over the years, golf has proven to be a popular pastime with the public. Even
though approximately 800 golf courses (18-hole equivalents) have closed duringtthe pa
decade, the U.S. golf course supply has actually increased by more than 5C@alet 18
equivalents (NGF, 2009). For these golf courses, playing surface quality ip@ntaim
factor which attracts players. During construction, the selection of tusfgeaaieties is
an investment decision affecting both construction cost and the course chaieg:teris
Replacement of a turfgrass variety will result in renovation costs ancelessue
resulting from suspended use of the course. When choosing a turfgrass Variety, t
decision is based on the bundle of attributes such as physiological requirements,
appearance, and playability given the constraints related to the climatansdihe
budgeted expenses of management (Florkowski and He, 2008).

A survey of fourteen southern states by Florkowski and He (2008) provided
information about the opinions of golf course operators regarding the need for new turf

varieties, preferred turfgrass attributes, and performance of varietidside on the



market. Disease control, turf agronomics, insect control, and training of nenote
personnel in proper turf care were viewed as “very important” turfgrass isgue
respondents. Turf density was the most important attribute to golf-courseooperat
affecting turfgrass appearance. For plant stress resistance, desigfatnce was
determined to be the most important among respondents (Florkowski and He, 2008).

In a survey of golf course superintendents in the Southwestern U.S., researchers
determined attitudes toward using reuse water for irrigation needs (Breaitt 2004).
Of respondents, a majority 36% indicated using well water for irrigatiole\2P6
utilize reuse water. Researchers found reasons for switching to reuseaviee by
state. In Arizona, 40% of respondents switched because of mandates, while ia,Nevad
cost incentives were responsible for 47% switching to reuse water. In Gialifér% of
respondents switched to reuse water because it is considered to be a more oalieble s
of water (Devitt et al., 2004). Less than 20% of respondents indicated concern for
negative impacts on the operations of the golf course due to using a reuse wager sourc
with pond and irrigation maintenance having the greatest negative impact. Of the
respondents who already use reuse water for irrigation needs, changederrange of
landscape and turfgrass management practices have been deemedyneRessits
showed that adoption of reuse water for irrigation is not opposed in the Southwestern
U.S. but it is recognized that employing reused water can have a negativeompatf
course operations (Devitt et al., 2004).

The focus of Klein and Green (2002) was to assess current perceptions and
implementations of selected turfgrass best management practic€s)BMong

professional turfgrass managers in Southern California. Turfgrass BMPs include



fertilization, irrigation, mowing, pest control, and soil management. The authors
discovered that 86% of respondents consistently check irrigation systems for proper
function. Approximately half of the respondents consistently cycle irrigatioropassto
prevent runoff and irrigate according to weather station or soil moisture sereor dat
More turfgrass managers than sports turfgrass managers indicated they ragitisni
clocks at least every three months. However, more sports turfgrass nsahager
general turfgrass managers specified they irrigate accordingather station or soll
moisture sensor data. Turfgrass managers, especially sports tunigreesgers, were the
most likely to be committed to the BMPs included in the survey. Any specified
limitations to BMP implementation result from concerns of lack of financiekibg,
employee education, and necessary time (Klein and Green, 2002).

Through a survey of U.S. golf courses the total annual water use for all golf
facilities nationwide averaged over 2003, 2004, and 2005, was estimated at 2,312,701
acre-feet with the greatest amount being used in the Southeast (Throslsed@Q9).

The data obtained from Throssell et al. (2009) has been determined to provide an
accurate portrayal of golf course water use. Private golf courses edigyanding
significantly more for water than public golf courses. Golf courses with higinerah
maintenance budgets also spend significantly more for water than golf cotutlses w
smaller budgets. On average nationally, open water of lakes or ponds and wells are the
most common sources for irrigation water. Only 12% of U.S. golf facilities ugeleel

water as a source for irrigation water. Nine hole public golf facilitifs asmaintenance
budget of less than $500,000 are significantly more likely to have a manualamigati

system than other types of golf facilities. Eighteen to 27 hole privatéagdifies with a



maintenance budget greater than $1,000,000 are significantly more likely to hgve full
automated irrigation systems. Almost all 18 hole golf facilities use sttde@ technique

to assist in scheduling irrigation (Throssell et al., 2009). These techniques imclude (
order from most used to least used): observations of turf, soil moisture observation, short-
term weather forecasts, evapotranspiration rate from a weather service,
evapotranspiration rate from an on-site weather station, long-term westbets, soil

sensors, other, and none. Results show a need for improvement in the use of
evapotranspiration estimates and soil sensors to schedule irrigation, and usatminirrig
audits to improve irrigation distribution uniformity (Throssell et al., 2009).

The literature on conservation technology adoption has largely been conducted on
agricultural adoption of irrigation in the United States and abroad (Schuck et al., 2005,
Caswell and Zilberman, 1985, Shrestha and Gopalakrishnan, 1993, Dinar and Yaron,
1992). Land tenure (ownership), acreage, soil type, crop, water price, and cost of
technology are found to affect the probability of adoption. Caswell and Zilbgi1885)
calculate the log odds of adoption of sprinkler and drip irrigation in California as a
function of water cost saving, groundwater, and crop type. In general, highecosite
have led to increasingly efficient irrigation systems in agricultuiagysice as an

indicator of scarcity (Schuck et al., 2005).



CHAPTER Il

METHODOLOGY

On November 16 and 17, 2010, willing participants of tHe&snual Turf
Conference Trade Show held in Stillwater, Oklahoma completed a surveydentitle
“Survey of Water Use in Recreational Turfgrass Management.” Theyswas
designed to determine what current water conservation practicesragaubkzed on
Oklahoma'’s golf courses, recreational fields, and parks and how individual elistanst
of the facility and the facility’'s management influence their adoption.

The survey not only solicited information on facility characteristics and
management, but also the characteristics of the managers. The informagotedoll
included: the type of facility, facility location, the annual budget for maartee,
watering methods currently being utilized, type of water source usedidation water,
motivation and barriers to adopting water conservation methods, education, teniica
age, and the water conservation practices which have been adopted.

Rankings were utilized to determine the most important motivations and barriers
to adopting water conservation methods. Respondents were asked to rank five
motivations for adopting water conservation strategies in order of importahese T
motivations included: lowering costs of water used, environmental conservation,

reducing labor costs in irrigation, response to price increases by muniaigalsupply,

10



and reducing mowing or weeding costs. In a separate question, respondeiaiskegre
to rank three barriers to adopting water conservation strategies in ordgroofance.
Barriers included: need for knowledge of strategies to reduce water usencovere
performance and appearance of turf for users, and funding for implementtegissa
Participants were given two opportunities to complete our survey, one while in
attendance at the conference, and another two weeks later via either online at
Surveymonkey.com or through the U.S. mail. In an attempt to increase the respgnse ra
a financial incentive was offered in the form of three random drawing&lfa@. Of the
219 attendees on the conference’s participant list, 72 completed the survey. Five of thes
219 attendees were excluded due to their employment affiliation with Oklahotea Sta
University, giving us a response rate of 33.64%. Additional conference attendees
provided 52 more completed surveys. In the second opportunity, 119 emails and 37
mailers were sent out using a mailing list of turfgrass managers provideohteyence
leaders out of which 21 surveys were completed via internet survey (surveymonkey.c

1999-201) and 4 completed surveys were returned via the U.S. mail. The final response

rate for the second contact was 17.6% for the internet survey and 10.8% for the U.S.
mail. Including all attempts to contact Oklahoma professional turfgrasggerana total
of 149 responses were collected. Due to inconsistent responses, one respondent was
omitted from data collection.

After collecting the data from 148 completed surveys, general sstigtre
generated and included: the percentages of how many respondents chose a multiple

choice answer in a particular question, means, modes, and standard deviations.
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Cross tabulations were developed for all completed surveys to demonstrate whic
of a respondent’s/facility’s characteristics were mostly astastiaith either choosing to
adopt a particular water conservation practice or choosing not to adopt. These
characteristics included: facility type, watering methods currenthghesed, irrigation
water source, education level of the respondent, type of college degree held by the
respondent, respondent’s certifications, number of acres of turfgrass ailttye e
age of the respondent. For the top 5 most used conservation practices, every
characteristic selected by a respondent was categorized as eithervatina method
adopted” or “conservation method not adopted,” depending on whether or not the
individual had adopted the water conservation practice. After all chosen ehiatast
were categorized, they were then summed or averaged across all respoeael f
group.

Since our dependent variables have a discrete outcome (have adopted or have not
adopted) the logistic procedure was chosen for the regression analysis d¢attee da
predict the likelihood of adoption of users on average, given the facility and indigidual
characteristics. The logistic model is as follows:

Prob (Y=1) = H§'x) => have adopted

Prob (Y=0) =1 - HX) => have not adopted
The set of parameterg)(reflect the impact changes in x on the probability (Greene,
1992).

Logistic models were generated using the SAS 9.2 Program (2011 SA&énsti
Inc) to analyze the effects of certain respondent/facility charstits, such as facility

type, current watering methods, education and certifications, and facibiyoilocon the

12



adoption of a certain water conservation technique. Five logit models weratedt{im
one for each of the top 5 most used conservation practices. In these models, the
probability that a respondent/facility will adopt a certain water geasien technique is
dependent on certain characteristics of the respondent or facility. The arsenation
techniques chosen to be analyzed in this study include: reduced watering, reduced
percentage of area irrigated, limited irrigation, zoned irrigationaitiog scheduling,
reuse water, irrigation audit, improved cultivars, greens modified, higher mowing
heights, switch to alternative, adoption of xeriscaping, and adoption of conservation
indoors.

For this study, the following conceptual model was created:

D Probability of adopting water conservation techniqgfe(@pe of facility, current

watering methods, current source for irrigation water, respondent’atemtulevel,
certification of respondent, number of individuals on maintenance sted§ af
turfgrass at facility, age of respondent, regional location dftfac

A linear probability model would not be efficient in analyzing the data beaduse
the discrete nature of the dependent variables. Binee must equal either zero or one,
the variance of the errors dependg3amhich would result in a problem with
heteroscedasticity (Greene, 1992). Therefore, the empirical modelstatuly is:

2) Y* =X + ¢

Where: Y* =1 if the practice is chosen, 0 if not chosen
€~ N(0,1), a random error term

For this model all estimateiicoefficients are for the x variables. All x variables are
dummy variables (1 => characteristic chosen, 0 => characteristic not chosepy, e
turfgrass acres, staff, and age. Y* is the dependent variable or consendtiogue,

which is either one if adopted or zero if not. Regional information was not direktéy a

13



in the survey. Instead, respondents were asked to indicate the ZIP code in which the
facility is located. Using Geographic Information software (Ar@lAfcGI1S10, 1995—
2011), these ZIP codes were plotted in four Oklahoma regions in which Interstaig 35 a
Interstate 40 served as boundary lines dividing the state into Southeast, Northwest,
Southwest, and Northeast regions (Center for Spatial Analysis, 2004-07).

The model in less formal terms is as follows:

3) Y* = B+ B.Golf + BsRec+ BsSports HsSod+ BsOF+ B/MS + BgAS + oZS +B1oMCS +

BuDI + B1oSH +B13SBH +B1.OWM + BisNolrr + B1City + py7Privatet B gRetent

B1sOWS +B,sColleget B, Cert+ o Staff +BosAcres+ BsAge +B25SE +BeNW -+

B2/ SW +B,50S +¢
Table 1, Logistic Model Independent Variable Abbreviatipnsyides independent
variable definitions, and Table 2, Logistic Model Dependent Variable Abbiewsat
provides explanations of the dependent variables used for the different models.

The overall hypothesis of this study is that certain turfgrass faaiiymanager
characteristics will influence the likelihood of water conservation adoptida. It
hypothesized that recreational turfgrass managers who have received saroé for
higher education are expected to adopt water conservation strategiesasauidgilities
which have a greater number of turfgrass acres are likely to adoptoaasarvation
techniques. Turfgrass facilities which utilize municipal water connectistiseir
primary water source are expected to conserve water. Turfgrassetiidated in the
Southern parts of Oklahoma are more likely to adopt water conservation techniques than

the Northern parts because of potential shortfalls in supply due to historiclrainfal

differences.
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CHAPTER IV

FINDINGS

Table 3, Simple Statistics of Determinants of Adoption of Water Conservation a
Recreational Turfgrass Facilities in Oklahoma, presents simpldistatiEsome of the
determinants of water conservation adoption. For facility type, golf coursesisecpr
47% of responses; recreational parks were 15% and sports fields 14%. In regard to
watering methods, automated above ground automatic sprinklers comprised 75% of
responses. City water connection was used as the primary water so&b&%fof
respondents, whereas 26% used private wells, 20% retention, and 14% other sources.
Respondents were able to check multiple facility types, water soarwbsyatering
methods, so no variables were omitted to avoid the dummy variable trap. Forty-six
percent of respondents indicated obtaining a B.S. or higher degree as theait leiggtle
of education. Of respondents, 46% indicated working in facilities located in the
Northeast region of Oklahoma.

In addition, 86% of respondents indicated being certified in the turfgrass
management field. On average respondents were about 43 years old andiliies fac
had an average of 116 acres in turfgrass. One facility managing 3,000 acossiites
as an outlier. Lead managers made up 63% of respondents. Of facilities, 59% were
designated as public, while 41% were private. On average, facilities had an annual
operating budget for maintenance of $430,400 per facility and approximately 12

15



individuals on their facility’'s maintenance staff. Respondents who applyidestto
facility turfgrass acres comprised 80% of the total responses and 82%aridents
apply fertilizers. A majority of respondents were Caucasian males.y-hime percent
ranked “lowering cost of water used” as the most important motivation for adopting
water conservation strategies, while 39% ranked “response to price incyaas@icipal
water supply” as having the least affect on their motivation for adopting water
conservation strategies. Economically, water users in the short termareagin
inelastic demand for water making a facility’s short term demand omes/e to price
increases. In fact, many smaller communities in Oklahoma have decredsmwith
greater consumption which discourages conservation adoption (Adams et al, 2009).
Although rates had on average changed from 2002-2008 in Oklahoma, our respondents
did not see increasing prices as the reason to conserve, potentially becaasiétihe f
was not in a region of increasing water prices or appearance of turf wag mpl
important. For instance, fifty-two percent ranked “concern over perforneaarte
appearance of turf for users” as the pinnacle barrier to adopting wateneaiaser
strategies, while 43% ranked “the need for knowledge of strategies to redeceise
as having the least effect on prohibiting the adoption of water conservationisfrateg
Figure 1 illustrates which water conservation practices have beeedtnd
what percent of respondents are implementing them. The data collected shows the top
five most used water conservation practices to be: reduced watering (tgi8éy,
mowing heights of grass (64%), zoned irrigation systems (53%), selectimpraivied
cultivars for drought tolerance (47%), and irrigation scheduling based on plant wat

requirements as estimated by site-specific weather data (43%). Qptfangity types

16



included: golf course, recreational park, sports field, and sod farm. In Figure @ we s
golf course (47%) was the most common facility type followed by othdityagpe
(31%), recreational park (15%), sports field (14%), and sod farm (2%). A maybtlig
other facility types specified by respondents included lawn care seavidesducational
institutes. A majority of respondents chose automated above ground automaticrsprinkle
systems as the facility’s current watering method (75%), followed byisgrthe
turfgrass area by hand as needed (50%). Only 5% indicated not utilizing gatrarri
methods at their facility (Figure 3). Figure 4 exhibits the division of watece usage.
The large majority obtain water for irrigation from city water conioest (58%) and
private wells (26%). A majority of other water sources specified by resptideluded
lakes and rivers. The distribution of regional location can be observed in Figures 5 and 6.
Most facilities (46%) reside in the Northeast region of Oklahoma. With only 6%, the
Southwest has considerably fewer turfgrass facilities than the otheCkia®ma
regions. This uneven distribution of turfgrass facilities may be due to differenites
amount of precipitation received or population. Having less rainfall than the other
regions, may prohibit the Southwest region’s ability to sustain turfgrass. acr

For the most part, survey participants have attained some college education.
Approximately 39% have obtained some college education, while 46% have received a
college degree, leaving only around 15% that have no college education (Figuse 7). A
seen in Figure 8, for those who have obtained a college degree, the majoritgdeceiv
degrees in Turfgrass Management (31%). Nearly all survey participaf$ (@&e
received certifications relating to turfgrass management. The two lprgvai

certifications (Figure 9) acquired by respondents are the certifiedigesdfplicator and

17



the licensed pesticide applicator; both are state requirements (Oklategagrdent of
Agriculture, Food & Forestry Plant Industry & Consumer Services Division, 2004).
Table 4 presents certification definitions for all certifications acquakexit in the
survey.

Tables 5 through 9 present the findings of the cross tabulations for the most used
water conservation methods beginning with the most adopted: determinants of reduced
watering adoption (Table 5), determinants of higher mowing heights adoptiole @a
determinants of zoned irrigation adoption (Table 7), determinants of improvedicsul
adoption (Table 8), and determinants of irrigation scheduling adoption (TablEn@).
determinants of water conservation adoption examined in this section of the study ar
facility type, watering methods, water source, education, certditatige, and turfgrass
acres. Each of the determinants has a characteristic which was indicatethority of
respondents. These predominant characteristics found upon examination of the data
include: golf course for facility type, automated above ground automatic sprinkler
systems for watering method, city water connection for primary \satece, B.S./B.A.
or higher graduate for highest level of education, turfgrass managdewet for type
of degree acquired, and certified pesticide applicator for certification.

For the reduced watering conservation method, all predominant characteristics
yielded higher percentages of respondents adopting the water conservaiggy $itran
not adopting. Of all the golf course facilities, 74% have adopted reduced wate@n
strategy, while 26% have not. For facilities using automated sprinklersraatcur
watering methods, 70% have adopted reduced watering. A majority 62% of respondents

who use city water connections for irrigation water have also chosen to utiéize thi
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method to conserve water. Sixty-six percent of college graduates partakieicing

water, as do 65% of turfgrass management degree holders. Of the 104 certiigdkepest
applicators, 68% have reduced watering at their facilities. For respondegtsadiiced
watering, facility size averages 116 acres; non-adopters also avdrad@cres.

For the higher mowing heights of grass strategy, again all predominant
characteristics produced greater percentages of respondents adoptingrthe wate
conservation strategy than not adopting. Of golf course facilities, 73% have adhepted t
strategy. For facilities using automated sprinklers, 68% have adopted imgtveng
heights. A majority 65% of respondents who use city water connections foramigat
water have also chosen to utilize this method to conserve water. Approximatedf 69%
managers who are college graduates partake in higher mowing heights, as do 67% of
turfgrass management degree holders. Of the certified pesticide appli€é®&%
implement higher mowing heights at their facilities. On average adoptezsli2 acres
of turfgrass whereas, non-adopters average 123 acres.

For the zoned irrigation strategy, all predominant characteristid¢stivat
exception of golf course facilities, produced greater percentages of resgoadi@pting
the water conservation strategy than not adopting. Of golf course éacibtily 50%
have adopted the strategy. For facilities using automated sprinklers, 57% havd adopte
zoned irrigation. A majority 64% of respondents who use city water connections for
irrigation water have also chosen to utilize this method to conserve wateronéor z
irrigation, 54% of college graduates and 54% of turfgrass management degreg holder

have adopted. Of the 104 certified pesticide applicators, 56% implement zoregbinrig
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at their facilities. On average adopters have 112 acres of turfgrasasyherr-adopters
average 121 acres.

For the selection of improved cultivars for drought tolerance strategy, mibst of
predominant characteristics were associated with producing greater pgesecot
respondents not adopting the water conservation strategy. Of golf coursie$aaity
44% have adopted the strategy, while 56% have not. For facilities using automated
sprinklers, 50% have adopted selection of improved cultivars for drought tolerance. A
majority 55% of respondents who use city water connections for irrigation aate not
chosen to utilize this method to conserve water. Of college graduates, 51% atariiti
selection of improved cultivars for drought tolerance, but 54% of turfgrass nmaeaige
degree holders do not. Of the 104 certified pesticide applicators, only 44% implement
selection of improved cultivars for drought tolerance at their facilities.réspondents
using improved cultivars, facility size averages 127 acres whereas note/gdaverage
only 107 acres.

For the irrigation scheduling strategy, all predominant characteyisiitsthe
exception of city water connection, produced greater percentages of respondents not
adopting the water conservation strategy. Of golf course facilities, 61%nbaadopted
the strategy while only 39% have. For facilities using automated sprinklétsh&&e
not adopted an irrigation scheduling strategy. A majority 52% of respondents evho us
city water connections for irrigation water have chosen to utilize thisade¢o conserve
water. Only 44% of college graduates participate in irrigation schedasinig only 39%
of turfgrass management degree holders. Of the certified pesticideasmgl 59% do

not implement irrigation scheduling at their facilities. On average addpaee 128
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acres of turfgrass whereas, non-adopters average 107 acres. Even theudbethaot
appear to be any substantial difference in facility size between cediater, higher
mowing heights, and zoned irrigation users and non users, the cross tabulation results
show that facilities with a greater amount of turfgrass acres have adoptesechpr
cultivars and irrigation scheduling as water conservation methods. Assungig lar
facilities have a greater maintenance budget than smaller faciitipplying the initial
investment and upkeep costs of these water conservation techniques may only be an
option for the larger facilities.

Table 10, Determinants of Conservation Adoption at Recreational Turfgrass
Facilities in Oklahoma — Parameter Estimates, summarizes thedogalel information
for the five most used water conservation methods. The models are as follows1Model
reduced watering, Model 2 - higher mowing heights of grass, Model 3 - zonatidmig
systems, Model 4 - selection of improved cultivars for drought tolerance, and Medel
irrigation scheduling based on plant water requirements as estimated $yyesitfec
weather data.

Model 1, predicting the likelihood of adopting reduced watering, produced a
likelihood ratio of 46.0431 with two coefficients significant at a 95% confiden& lev
and one additional coefficient significant at the 90% confidence level. Tizatitn of
manual connection sprinklers at a facility positively affects the probabflagopting
reduced watering as a water conservation strategy. Adversely, uskef Boses as a
watering method has a negative impact on the probability of adopting reducedgvater
Facilities which rely mainly on a private water source for irrigatiatewhave a

decreased likelihood for adoption.
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Model 2, predicting the likelihood of adopting higher mowing heights, produced a
likelihood ratio of 31.6399 with two coefficients significant at a 95% confiden&s. lev
Utilization of soaker hoses for irrigation has a positive effect on the prolgaddilit
adopting higher mowing heights of grass as a water conservation stretegfjties
which do not engage in any irrigation practices have an increased likelihood fooadopti
of higher mowing heights. Leaving the grass at higher heights might be yheaynto
keep the turf looking greener as they do not have any irrigation, in addition vassngr
cut short it requires greater amounts of water.

Model 3, predicting the likelihood of adopting zoned irrigation sprinklers,
produced a likelihood ratio of 30.4380 with one significant coefficient at a 95%
confidence level. As expected, utilization of zoned sprinklers for irrigation nesd@s ha
significant decreasing effect on the probability of adopting zoned iwigaBecause
respondents were able to and did choose multiple watering methods, all methods had to
remain in the regression analysis to produce a parallel model. A reasew for f
predictors may be that zoned irrigation is used less as a conservation poadtadering
different slopes and grass types and more to control water pressure taesendhts.

Model 4, predicting the likelihood of adopting improved cultivars, produced a
likelihood ratio of 38.3822 with four coefficients significant at a 95% confidencé leve
Use of other watering methods and having no current irrigation practices both have a
significant influence on probability of adoption of improved cultivars. Faalitdizing
other watering methods have a decreased likelihood of conserving water using amprove
cultivars, while facilities that choose to not irrigate at all have an isedelikelihood of

using improved cultivars. Use of an on-site water retention as the primgagiamn
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water source increases the probability of adoption of improved cultivars. dh@ka,
retention ponds are a newer requirement for golf course runoff control and theis the
courses are more likely to have been established with newer drought toleraatgulti
Out of state facilities are less likely to adopt this conservation methguréacilities
located in Northeast Oklahoma, our comparison region and omitted dummy variable.
Model 5, predicting the likelihood of adopting irrigation scheduling, produced a
likelihood ratio of 50.2419 with four significant coefficients at a 95% confiden@? lev
and two additional coefficients significant at the 90% confidence level. dmibdel,
facilities using drip irrigation have an increased probability of adoption ghitran
scheduling. Facilities which rely on city water connections and private fwel
irrigation water are less likely to adopt this water conservation techniques §lich as
Oklahoma City have adopted odd-even day watering to reduce low pressure prablems i
face of drought during July, 2011 (The Daily Oklahoman, 2011). Since actual supply is
not short, but the delivery lines cannot meet volume, cities might benefit fromtingti
peak water pricing to shift demand away from problematic hours. Large volurse use
such as golf courses could also be nudged to change watering to lessen peak dema
Individuals who either have some college education of received a degressdikelg to
adopt irrigation scheduling than individuals who do not have any college education. An
increase in the number of individuals who are on the maintenance staff decreases the
likelihood of irrigation scheduling adoption. Given that irrigation scheduling practices
are less labor intensive relying mainly on one or two highly trained individumls, a
increase in staff would not be necessary or efficient. However, irrigatotiqgas such

as use of soaker hoses would be expected to require more individuals on the maintenance
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staff resulting in a positive relationship between increases in stafbakdrshose
adoption Facilities located in the Northwest region of Oklahoma are more bkely t
adopt irrigation scheduling than facilities in the Northeast.

Table 11, Determinants of Conservation Adoption at Recreational Turfgrass
Facilities in Oklahoma — Odds Ratio Estimates, summarizes the odds tiatiates for
the five most used water conservation methods: Model 1 - reduced watering, Model 2 -
higher mowing heights of grass, Model 3 - zoned irrigation systems, Model 4ticele
of improved cultivars for drought tolerance, and Model 5 - irrigation scheduling based on
plant water requirements as estimated by site-specific weatlzer tla¢ odds ratio
illustrates the strength of the relationship between the predictor \eaaablithe response
variable. If the odds ratio estimate is 1, there is no association betweewo treziables
(SAS, 2005).

For reduced watering, sports field facilities are 2.124 times morg tikel
conserve water using this technique than a facility that is not a spaits Fatilities not
utilizing automated sprinklers for irrigation are 2.18 times more likely toececed
watering than facilities which do use automated sprinklers. Manual conngmtiiokiex
users are 6.786 times more likely to employ reduced watering than non useliied-aci
which do not use soaker hoses for irrigation are 5.68 times more likely to adopt than
soaker hose users. Facilities that do not use a private well as a primargovate are
5.49 times more likely to adopt than private well users. Water cost to privateseed|
only includes the cost of extraction whereas municipal users are required toneafpm
treated water delivery; as a result, municipal water users are mdyetdile@nsider

reduced watering than private well users to reduce total water costti¢salmcated in
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Northwestern Oklahoma are 2.327 times more likely to adopt than facilities in
Northeastern Oklahoma.

For higher mowing heights, sod farm facilities are 2.473 times more tikely
adopt than a facility that is not a sod farm. Soaker hose users are 5.996 times iyore like
to adopt higher mowing heights than non soaker hose users. The soaker hose irrigation
practice requires intensive labor, and is one of the lowest levels of mngatith less
water being used for irrigation, it may be necessary to leave the ghagbex heights to
keep the turf looking greener. Facilities which do not irrigate at all aB237imes
more likely to use this water conservation method than facilities that ddetriga
Facilities which do not use a private well as a primary water use aren2glmore likely
to adopt than private well users. Facilities located in Northwestern Oklalver@&2a
times more likely to adopt than facilities in Northeastern Oklahoma.

For zoned irrigation, facilities which do not use zoned sprinklers for irrigateon ar
3.66 times more likely to adopt than zoned sprinkler users. Facilities which do not
irrigate at all are 6.108 times more likely to use this water conservation mbe#rod t
facilities that do irrigate. Facilities which do not use a city water@otion as a primary
water use are 2.42 times more likely to adopt than city water users.

For improved cultivars, golf course facilities are 4.111 times more likelgdpt
than a facility that is not a golf course. Facilities which do not irrigaaé ate 22.305
times more likely to use this water conservation method than facilities thaigadde.
On-site water retention users are 4.625 times more likely to adopt improvedrsultian
facilities which do not rely on on-site water retentions for irrigation wa@cilities in

Northeast Oklahoma are 18.87 times more likely to adopt than out of state fcilitie
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For irrigation scheduling, sod farm facilities are 6.420 times more likedylopt
than a facility that is not a sod farm. Drip irrigation users are 3.313 times kedyett
adopt irrigation scheduling than facilities which do not use drip irrigation. keilit
which do not use a city water connection as a primary water use are 4.52 times more
likely to adopt than city water users. Facilities which do not use a privatas\ell
primary water use are 4.13 times more likely to adopt than private well usdrgiduials
who do not have at least some college education are 3.22 times more likely to adopt than
individuals with college education. Facilities located in Northwestern Oklatzoen

3.819 times more likely to adopt than facilities in Northeastern Oklahoma.
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CHAPTER V

CONCLUSIONS

Because adoption exceeded 50% of respondents for only three types of water
conservation strategies, higher mowing heights, reduced watering, and ziyaetidir
systems, there appears to be a lack of motivation or incentive on the part of Oklahoma
turfgrass managers to participate in water conservation. Even though respondent
consider lowering facility watering costs to be an important motivatioadopting
water conservation strategies, concern for maintaining performance aradlaaqmaeof
turfgrass for users overshadows those concerns as the most cited barrier tmadopti
Thus, no one technique is likely to meet managers’ needs given the concerns of
appearance and performance.

Significant determinants which increadbe probability of adoption of the top
five most used water conservation strategies included: facilitieetboathe Northwest
region of Oklahoma, facilities which utilize manual connection sprinklens,iigation,
or do not irrigate at all, and facilities which rely on on-site water retefdrarrigation
water. Significant determinants that decredbedikelihood of adopting the top five
most used water conservation techniques included: utilization of zoned sprinklers and
other watering methods for irrigation such as in-ground automatic sprinklers and pivots

facilities which rely on city water connections and private wells fggation water, an
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increase in the number of individuals on the maintenance staff, having at least some
college education, and having a facility located outside of Oklahoma. Sod faitretacil
tend to be more water conscious and are more likely to adopt water conservation
techniques than golf, sports, and recreational managers. Facilities wmoh uke
automatic sprinklers are more likely to conserve water than automah&lspusers.
Quite simply, these conditions of non-adoption are not random; facilities with aetbma
sprinklers are more likely to have invested in them to ensure turf aesthigyiesmter
connections indicate likelihood of higher returns to use from urban location and elientel
and/or turf managers have already switched to private wells to avoid higheotost
treated water. Turfgrass facilities relying on municipal connecti@ggrroximity to
large populations therefore they strive to uphold landscape appeal with green, lush
grasses. Sod farm employees are more likely to be aware of how muchuwgtass
varieties require allowing the maximization of profits by producing heglthgses at the
least cost.

Results suggest that because automatic sprinkler users are les® ldabpt
water conservation methods, extension efforts should be directed at aidingereanag
the continuation of sprinkler auditing training programs. Automation users can afford a
larger opportunity to reduce potential overwatering or increase scheduling sontheee
there is least evapotranspiration. In the case of golf courses, ga@&cnanagers strive
to preserve turfgrass appeal in order to maintain clientele resulting inadeeing.
These managers would benefit from the availability of more tools aiding in pngduci
green, lush grasses at the lowest water use. An additional approach, sutkaéerihia

Georgia (Carrow et al, 2005), would involve aiding golf and parks managers in
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development of best management plans for water conservation as a long term
conservation tool, rather than a short term emergency response to seasonahgegrol
drought. Interestingly, Limehouse et al. (2010) found an entry price premium for golf
courses that had obtained the environmental Audubon International certification,
suggesting that early adopters of water conservation practices mighte#tso s
certification or use water conservation in their marketing literature.

Further research should be aimed at determining if smaller turfq@kses are
prohibited from increasing the use of water conservation practices due to urahlstai
increases in labor costs. Even though the data used in this study did not contaimssufficie
information regarding facility maintenance budget, we assume there igiagpos
relationship between the number of individuals on a facility’'s maintenaait@st the
facility’'s maintenance budget. The relationship between increasedredadfiaption of
water conservation techniques is unclear in this study’s models excepigftior
scheduling. After the initial investment of time and money, irrigation schedslig
labor replacing technique that only requires one or two higher paid and better trained
individuals. Another matter worthy of continued investigation is an inquiry as tahehy
use of on-site water retention ponds as an irrigation water source increapesbability
of implementing improved cultivars as a means to conserve water. As a gene re
requirement for irrigation practices, on-site water retentions redunodf of pesticides
and fertilizers. In times of water scarcity, rather than finding asewce of water or
expanding treatment facilities, it may be cheaper for a city to providetines for
turfgrass operations to switch to improved cultivars which are more drought tolerant.

These incentives should be helpful in covering large investment costs for the switc
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Cities may also consider paying individuals to use gray or recycled watereasing

water rates for high-water users during peak hours.
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TABLES

Table 1 Logistic Model Independent Variable Abbreviations

Golf  Golf course SH Soaker hose Staff Maintenance staff
Rec Recreational park | SBH Spray by hand Acres Turfgrass acres
Sports Sports field OWM  Other watering method | Age Age
Sod Sod farm Nolrr Do not irrigate SE Southeast
OF Other facility City City water connection NW  Northwest
MS Manual sprinkler Private Private well water SW  Southwest
AS Automated sprinkler| Reten  On site water retention | NE Northeast
ZS Zoned sprinkler OWS  Other water source (O Out of state
MCS Manual connection | HS <19 grade, H.S. diploma|
Sprinkler College At least some college
DI Drip irrigation Cert Certified
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Table 2 Logistic Model Dependent Variable Abbreviations

Reduced watering
Reduced % of area irr
Limited irr

Zoned irr

Irrigation scheduling

Reuse water

Irr audit

Improved cultivars
Greens modified

Higher mowing heights
Switch to alt
Adopt of xeriscaping

Adopt of cons indoors

Reduced watering

Reduce percentage of area irrigated alone

Limited or nonexistent irrigation

Zoned irrigation systems

Irrigation scheduling based on plant water requirements as
estimated by site-specific weather data
Reuse or gray water for irrigation

Irrigation audit

Selection of improved turfgrass cultivars for drought tolerance

Greens or high use areas modified to improve water percolation
and deeper rooting, avoidance of excessive slopes

Higher mowing heights of grass

Switch to alternative, non-municipal supply

Adoption of xeriscaping or drought tolerant plants where turfgra
iS not necessary

Adoption of conservation indoors in clubhouse, park structures,

1°44
%)

etc
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Table 3 Simple Statistics of Determinants of Adoption of Water Conservian at
Recreational Turfgrass Facilities in Oklahoma (2010, N=148)

Variable N Mean Std Dev Sum Minimum | Maximum
Golf 148 0.47 0.50 70.00 0 1
Rec 148 0.15 0.36 22.00 0 1
Sports 148 0.14 0.35 21.00 0 1
Sod 148 0.02 0.14 3.00 0 1
OF 148 0.31 0.46 46.00 0 1
MS 148 0.23 0.42 34.00 0 1
AS 148 0.75 0.43 111.00 0 1
ZS 148 0.39 0.49 57.00 0 1
MCS 148 0.25 0.43 37.00 0 1
DI 148 0.25 0.43 37.00 0 1
SH 148 0.13 0.34 19.00 0 1
SBH 148 0.50 0.50 74.00 0 1
OWM 148 0.07 0.26 11.00 0 1
Nolrr 148 0.05 0.23 8.00 0 1
City 148 0.58 0.50 86.00 0 1
Private 148 0.26 0.44 39.00 0 1
Reten 148 0.20 0.40 29.00 0 1
OWS 148 0.16 0.36 23.00 0 1
HS 148 0.16 0.36 23.00 0 1
College 148 0.84 0.36 125.00 0 1
Cert 148 0.86 0.34 128.00 0 1
Staff 148 11.95 13.25 1769 0 100.00
Acres 148 116.09 97.32 17182 0 600.00
Age 148 42.82 11.51 6337 20 76.00
NE 148 0.46 0.50 68.00 0 1
SE 148 0.18 0.39 27.00 0 1
NW 148 0.22 0.42 33.00 0 1
SW 148 0.06 0.24 9.00 0 1
oS 148 0.05 0.23 8.00 0 1
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Table 4 Certifications Cited by Recreational Turfgrass Managers in Oklabma

(2010)
CGCSs Certified Golf Course Superintendent (CGCS)
Cert Irr Auditor Certified Irrigation Auditor
CSFM Certified Sports Field Manager (CSFM)

Cert Pesticide App
Licensed Pesticide App
Cert Horticulturist

Cert Arborist

Landscape Cert Manager
Landscape Cert Technician
Other

Certified Pesticide Applicator

Licensed Pesticide Applicator

Certified Horticulturist

Certified Arborist

Landscape Industry Certified Manager
Landscape Industry Certified Technician
Other
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Table 5 Determinants of Reduced Watering Adoptiorat Recreational Turfgrass
Facilities in Oklahoma - Cross Tabulations (2010)

Never Used % Used % Total
All Respondents 53 36% 95 64% 148
Golf Course 18 26% 52 74% 70
Recreational Park 10 45% 12 55% 22
Sports Field 11 52% 10 48% 21
Sod Farm 0 0% 3 1009 3
Other 21 46% 25 54% 46
Manual Sprinkler 11 32% 23 68% 34
Automated Sprinkler 33 30% 78 70% 111
Zoned Sprinkler 20 35% 37 65% 57
Manual Connection Sprinkler 18 49% 19 51% 37
Drip Irrigation 14 38% 23 62% 37
Soaker Hose 7 37% 12 63% 19
Spray by Hand 24 32% 50 68% 74
Other Watering Method 5 45% 6 55% 11
We do not irrigate 8 100% O 0% 8
City 33 38% 53 62% 86
Private Well 10 26% 29 74% 39
Water Retention 7 249 22 76% 29
Other 9 39% 14 61% 23
<12th Grade 6 43% 8 57% 14
H.S. Diploma 4 44% 5 56% 9
Some College 20 35% 37 65% 57
B.S./B.A. 23 34% 45 66% 68
Turfgrass Management 16 35% 30 63% 46
Landscape Architecture 3 60% 2 40P 5
Plant & Soil Science 4 67% 2 33% 6
Horticulture 7 39% 11 61% 18
Other 10 33% 20 67% 30
Certified Golf Course Superintendent (CGCS) 3 38% 5 63% 8
Certified Irrigation Auditor 1 50% 1 50% 2
Certified Sports Field Manager (CSFM) 4 67% 2 33% 6
Certified Pesticide Applicator 33 32% 71 680 104
Licensed Pesticide Applicator 19 37% 32 63% 51
Certified Horticulturist 0 0% 1 100% 1
Certified Arborist 1 50% 1 50% 2
Landscape Industry Certified Manager 0 0% 1 100%1
Landscape Industry Certified Technician 2 40% 3 60% 5
Other 4 44% 5 56% 9
Turfgrass Acres 116.42 115.91
Age 41.92 43.32
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Table 6 Determinants of Higher Mowing Heights Adoptiomat Recreational Turfgrass
Facilities in Oklahoma - Cross Tabulations (2010)

Never Used % Used % | Total
All Respondents 53 36% 95 64% 148
Golf Course 19 27% 51 73% 70
Recreational Park 10 45% 12 55% 22
Sports Field 11 52% 10 48% 21
Sod Farm 2 67% 1 33% 3
Other 18 39% 28 61% 46
Manual Sprinkler 13 38% 21 62% 34
Automated Sprinkler 35 32% 76 68% 111
Zoned Sprinkler 18 32% 39 68% 57
Manual Connection Sprinkler 13 35% 24 650 37
Drip Irrigation 15 41% 22 59% 37
Soaker Hose 10 53% 9 47% 19
Spray by Hand 23 31% 51 69% 74
Other Watering Method 5 45% 6 55% 11
We do not irrigate 7 88% 1 13% 8
City 30 35% 56 65% 86
Private Well 12 31% 27 69% 39
Water Retention 9 319 20 69% 29
Other 7 30% 16 70% 23
<12th Grade 8 57% 6 43% 14
H.S. Diploma 4 44% 5 56% 9
Some College 20 35% 37 65% 57
B.S./B.A. 21 31% 47 69% 68
Turfgrass Management 15 33% 31 67% 46
Landscape Architecture 3 60% 2 40% 5
Plant & Soil Science 3 50% 3 50% 6
Horticulture 5 28% 13 72% 18
Other 10 33% 20 67% 30
Certified Golf Course Superintendent (CGCS) 4 50% 4 50% 8
Certified Irrigation Auditor 1 50% 1 50% 2
Certified Sports Field Manager (CSFM) 2 33% 4 61% 6
Certified Pesticide Applicator 32 31% 72 69% 104
Licensed Pesticide Applicator 23 45% 28 55% 51
Certified Horticulturist 0 0% 1 100% 1
Certified Arborist 1 50% 1 50% 2
Landscape Industry Certified Manager 0 0% 1 100% 1
Landscape Industry Certified Technician 2 40% 3 60% 5
Other 4 44% 5 56% 9
Turfgrass Acres 122.85 112.32
Age 42.69 42.89
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Table 7 Determinants of Zoned Irrigation Adoption at Recreational Turfgrass Facilities

in Oklahoma - Cross Tabulations (2010)

Never Used % Used % Total
All Respondents 69 47% 79 53% 148
Golf Course 35 50% 35 50% 70
Recreational Park 7 32% 15 68% 22
Sports Field 7 33% 14 67% 21
Sod Farm 2 67% 1 33% 3
Other 22 48% 24 52% 46
Manual Sprinkler 14 41% 20 59% 34
Automated Sprinkler 48 43% 63 57% 111
Zoned Sprinkler 18 32% 39 68% 57
Manual Connection Sprinkler 14 38% 23 62% 37
Drip Irrigation 15 41% 22 59% 37
Soaker Hose 9 47% 10 53% 19
Spray by Hand 32 43% 42 57% 74
Other Watering Method 7 64% 4 36% 11
We do not irrigate 7 88% 1 13% 8
City 31 36% 55 64% 86
Private Well 21 54% 18 46% 39
Water Retention 13 45% 16 55% 29
Other 15 65% 8 35% 23
<12th Grade 7 50% 7 50% 14
H.S. Diploma 3 33% 6 67% 9
Some College 28 49% 29 51% 57
B.S./B.A. 31 46% 37 54% 68
Turfgrass Management 21 46% 25 54% 46
Landscape Architecture 5 10000 O 0% 5
Plant & Soil Science 3 50% 3 50% 6
Horticulture 9 50% 9 50% 18
Other 10 33% 20 67% 30
Certified Golf Course Superintendent (CGCS) 6 75% 2 25% 8
Certified Irrigation Auditor 0 0% 2 100% 2
Certified Sports Field Manager (CSFM) 6 100% O 0% 6
Certified Pesticide Applicator 46 44% 58 56D 104
Licensed Pesticide Applicator 24 47% 27 53% 51
Certified Horticulturist 1 1009 0 0% 1
Certified Arborist 1 50% 1 50% 2
Landscape Industry Certified Manager 1 100% 0O 0% 1
Landscape Industry Certified Technician 1 20% 4 80% 5
Other 4 44% 5 56% 9
Turfgrass Acres 120.70 112.07
Age 42.91 42.74
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Table 8 Determinants of Improved Cultivars Adoptionat Recreational Turfgrass
Facilities in Oklahoma - Cross Tabulations (2010)

Never Used % Used % Total
All Respondents 79 53% 69 47% 148
Golf Course 39 56% 31 44% 70
Recreational Park 13 59% 9 41% 22
Sports Field 9 43% 12 57% 21
Sod Farm 2 67% 1 33% 3
Other 24 52% 22 48% 46
Manual Sprinkler 20 59% 14 41% 34
Automated Sprinkler 55 50% 56 50% 111
Zoned Sprinkler 31 54% 26 46% 57
Manual Connection Sprinkler 19 51% 18 49% 37
Drip Irrigation 16 43% 21 57% 37
Soaker Hose 9 47% 10 53% 19
Spray by Hand 40 54% 34 46% 74
Other Watering Method 4 36% 7 64% 11
We do not irrigate 7 88% 1 13% 8
City 47 55% 39 45% 86
Private Well 16 41% 23 59% 39
Water Retention 19 66% 10 34% 29
Other 11 48% 12 52% 23
<12th Grade 10 71% 4 29% 14
H.S. Diploma 5 56% 4 44% 9
Some College 31 54% 26 46% 57
B.S./B.A. 33 49% 35 51% 68
Turfgrass Management 25 54% 21 46% 46
Landscape Architecture 4 80% 1 20P0 5
Plant & Soil Science 1 17% 5 83% 6
Horticulture 13 2% 5 28% 18
Other 10 33% 20 67% 30
Certified Golf Course Superintendent (CGCS) 5 63% 3 38% 8
Certified Irrigation Auditor 0 0% 2 100% 2
Certified Sports Field Manager (CSFM) 4 67% 2 33% 6
Certified Pesticide Applicator 58 56% 46 44% 104
Licensed Pesticide Applicator 27 53% 24 47% 51
Certified Horticulturist 1 1009 0 0% 1
Certified Arborist 1 50% 1 50% 2
Landscape Industry Certified Manager 0 0% 1 100%1
Landscape Industry Certified Technician 4 80% 1 20% 5
Other 2 22% 7 78% 9
Turfgrass Acres 106.64 126.92
Age 43.45 42.10
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Table 9 Determinants of Irrigation Scheduling Adoptionat Recreational Turfgrass
Facilities in Oklahoma - Cross Tabulations (2010)

Never Used % Used % Total
All Respondents 85 57% 63 43% 148
Golf Course 43 61% 27 39% 70
Recreational Park 11 50% 11 50% 22
Sports Field 7 33% 14 67% 21
Sod Farm 2 67% 1 33% 3
Other 28 61% 18 39% 46
Manual Sprinkler 22 65% 12 35% 34
Automated Sprinkler 61 55% 50 45% 111
Zoned Sprinkler 32 56% 25 44% 57
Manual Connection Sprinkler 23 62% 14 38% 37
Drip Irrigation 21 57% 16 43% 37
Soaker Hose 11 58% 8 42% 19
Spray by Hand 47 64% 27 36%0 74
Other Watering Method 5 45% 6 55% 11
We do not irrigate 8 100% O 0% 8
City 41 48% 45 52% 86
Private Well 21 54% 18 46% 39
Water Retention 18 62% 11 38% 29
Other 17 74% 6 26% 23
<12th Grade 10 71% 4 29% 14
H.S. Diploma 6 67% 3 33% 9
Some College 31 54% 26 46% 57
B.S./B.A. 38 56% 30 44% 68
Turfgrass Management 28 61% 18 39% 46
Landscape Architecture 4 80% 1 20P0 5
Plant & Soil Science 3 50% 3 50% 6
Horticulture 10 56% 8 44% 18
Other 13 43% 17 57% 30
Certified Golf Course Superintendent (CGCS) 6 75% 2 25% 8
Certified Irrigation Auditor 0 0% 2 100% 2
Certified Sports Field Manager (CSFM) 4 67% 2 33% 6
Certified Pesticide Applicator 61 59% 43 41% 104
Licensed Pesticide Applicator 27 53% 24 47% 51
Certified Horticulturist 1 1009 0 0% 1
Certified Arborist 0 0% 2 100% 2
Landscape Industry Certified Manager 0 0% 1 100%1
Landscape Industry Certified Technician 2 40% 3 60% 5
Other 5 56% 4 44% 9
Turfgrass Acres 107.16 128.15
Age 42.63 43.07
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Table 10 Determinants of Conservation Adoption at Recreational Turfgrass
Facilities in Oklahoma — Parameter Estimates (2010, N=148)

The Logistic Procedure

Model 1 Model 2 Model 3 Model 4 Model 5
Reduced Higher Zoned Improved Irrigation
Mowing Irrigation | Cultivars Scheduling
Likelihood Ratio| 46.0431 31.6399 30.4380 38.3822 50.2419
N 148 148 148 148 148
Intercept 0.7679 0.6981 1.2533 |-0.1519 2.2667
(1.7408) (1.6183) | (1.5802) | (1.6184) (1.8467)
Golf 0.1444 0.1191 0.0782 | 1.4136 0.8552
(0.9642) (0.9134) | (0.9137) | (0.9505) (0.9813)
Rec 0.00425 -0.0906 -0.4870 | 0.8192 -0.5631
(0.7930) (0.7530) | (0.7814) | (0.7714) (0.7768)
Sports 0.7533 0.7059 -0.0965 | 0.2687 -0.8966
(0.8124) (0.7866) | (0.8091) | (0.8089) (0.8375)
Sod -12.3092 0.9055 0.8803 | 3.1239 1.8594
(721.9) (2.7764) | (1.7956) | (1.9884) (2.9277)
OF 0.5699 -0.0952 0.0510 |0.8171 0.7076
(0.8783) (0.8523) | (0.8772) | (0.8765) (0.9084)
MS -0.4165 0.4990 0.3142 | 0.8103 0.6322
(0.5737) (0.5497) | (0.5410) | (0.5415) (0.5997)
AS -0.7777 -0.6993 -0.6991 | -0.9703 -0.9319
(0.5898) (0.5745) | (0.5783) | (0.5967) (0.6815)
ZS 0.1788 -0.7198 -1.2994* | -0.3857 -0.0832
(0.5505) (0.5469) | (0.5271) | (0.5321) (0.5909)
MCS 1.9148* -0.5999 -0.3238 | -0.3049 1.0385
(0.6828) (0.6702) | (0.5888) | (0.5857) (0.6376)
DI 0.1725 0.7451 0.6270 | -0.3070 1.1979**
(0.6580) (0.6300) | (0.6122) | (0.6110) (0.6823)
SH -1.7382** 1.7911* 0.7256 | -0.2266 -0.9241
(0.9340) (0.7991) | (0.7458) | (0.7463) (0.7941)
SBH -0.6006 -0.4588 -0.5144 | 0.0111 0.4983
(0.5193) (0.4954) | (0.4754) | (0.4869) (0.5118)
OoOWM -0.3437 -0.5625 -0.0755 | -2.5096* -1.6056
(0.9941) (0.9164) | (0.9080) | (1.0186) (0.9948)
Nolrr 16.3746 2.8806* 1.8096 | 3.1048* 14.7683
(375.1) (1.3355) | (1.2381) | (1.4638) (362.8)
City -0.9776 -0.6203 -0.8853 | 0.4746 -1.5101*
(0.7600) (0.6598) | (0.5982) | (0.6156) (0.7167)
Private -1.7060* -0.8749 -0.2294 | -0.9578 -1.4209*
(0.7646) (0.6617) | (0.5845) | (0.6105) (0.6942)
Reten -1.0398 0.0294 0.2803 | 1.5315* -0.4169
(0.8401) (0.6709) | (0.6203) | (0.6855) (0.6994)
ows -0.4513 -1.1244 0.2838 | -0.4791 -0.5300
(0.8255) (0.8037) | (0.6828) | (0.6898) (0.7869)
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College
Cert
Staff
Acres
Age

SE

NW
sSw

(O

-0.3296
(0.6625)
0.0376
(0.7194)
0.0163
(0.0168)
0.00288
(0.00243)
-0.00741
(0.0195)
-0.4053
(0.6379)
0.8444
(0.5941)
-1.0318
(1.2043)
-1.7097
(1.3039)

-0.5333
(0.6047)
-0.2195
(0.6973)
-0.0116
(0.0177)
0.00194
(0.00226)
0.00254
(0.0194)
0.1847
(0.6109)
0.7930
(0.5797)
0.2077
(0.8983)
0.2292
(1.0049)

0.3871
(0.6184)
-0.3959
(0.6460)
0.00978
(0.0158)
-0.00106
(0.00220)
0.00363
(0.0182)
-0.6088
(0.5753)
0.3912
(0.5341)
-0.2352
(0.8421)
-0.6587
(0.9452)

-0.1608
(0.6343)
-0.3571
(0.6647)
0.0123
(0.0166)
-0.00253
(0.00263)
0.0114
(0.0184)
-0.3883
(0.5674)
0.4088
(0.5461)
1.0181
(1.0621)
-2.9448*
(1.2846)

-1.1689%
(0.6807)
0.2334
(0.6918)
-0.0453*
(0.0210)
-0.00015
(0.00235)
0.000589
(0.0207)
0.1637
(0.6088)
1.3401*
(0.5997)
0.4243
(0.9590)
-0.2219
(1.1587)

* Denotes significancead5% confidence level
** Denotes significance 8@ confidence level
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Table 11 Determinants of Conservation Adoption at Recreational Turfgrass

Facilities in Oklahoma — Odds Ratio Estimates (2010, N=148)

The Logistic Procedure
Model 1 Model 2 Model 3 Model 4 Model 5
Reduced Higher Zoned Improved Irrigation
Mowing Irrigation | Cultivars Scheduling

Golf 1.155* 1.126* 1.081* 4.111* 2.352*
Rec 1.004* 0.913* 0.614* 2.269* 0.569*
Sports 2.124* 2.026* 0.908* 1.308* 0.408*
Sod <0.001 2.473* 2.412* 22.735* 6.420*
OF 1.768* 0.909* 1.052* 2.264* 2.029*
MS 0.659* 1.647* 1.369* 2.248* 1.882*
AS 0.459* 0.497* 0.497* 0.379* 0.394*
zZS 1.196* 0.487* 0.273* 0.680* 0.920*
MCS 6.786* 0.549* 0.723* 0.737* 2.825*
DI 1.188* 2.107* 1.872* 0.736* 3.313*
SH 0.176* 5.996* 2.066* 0.797* 0.397*
SBH 0.548* 0.632* 0.598* 1.011* 1.646*
OoOWM 0.709* 0.570* 0.927* 0.081* 0.201*
Nolrr >099.999 | 17.825* 6.108* 22.305* >999.999
City 0.376* 0.538* 0.413* 1.607* 0.221*
Private 0.182* 0.417* 0.795* 0.384* 0.242*
Reten 0.354* 1.030* 1.324* 4.625* 0.659*
OWS 0.637* 0.325* 1.328* 0.619* 0.589*
College 0.719* 0.587* 1.473* 0.851* 0.311*
Cert 1.038* 0.803* 0.673* 0.700* 1.263*
Staff 1.016* 0.988* 1.010* 1.012* 0.956*
Acres 1.003* 1.002* 0.999* 0.997* 1.000*
Age 0.993* 1.003* 1.004* 1.011* 1.001*
SE 0.667* 1.203* 0.544* 0.678* 1.178*
NW 2.327* 2.210* 1.479* 1.505* 3.819*
SW 0.356* 1.231* 0.790* 2.768* 1.529*
0S 0.181* 1.258* 0.518* 0.053* 0.801*

* Denotes significancead5% confidence level
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FIGURES

Figure 1 Water Conservation Practice Adoption in Oklahoma on Recreational
Turfgrass Facilities (2010, N=148)
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Figure 2 Turfgrass Facility Type Surveyed in Oklahoma (2010, N=168p
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Figure 3 Current Watering Methods for Recreational Turfgrass Facilities in
Oklahoma (2010, N=38%
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Figure 4 Current Primary Water Source Used for Irrigation for Recreational
Turfgrass Facilities in Oklahoma (2010, N=17%
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Figure 5 Regional Location of Recreational Turfgrass Facilities in Oklahoma
(2010, N=148)
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Figure 6 Respondent Postal ZIP Code Locations of Recreational Turfgrass
Facilities in Oklahoma (2010, N=148)
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Figure 7 Highest Level of Education of Recreational Turfgrass Managers in
Oklahoma (2010, N=148)
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Figure 8 Type of Associate’s or Bachelor's Degree Held by Recreational ifgrass
Managers in Oklahoma (2010, N=10%
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Figure 9 Current Certifications held by Recreational Turfgrass Manages in
Oklahoma (2010, N=18%
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APPENDICES

Appendix A

Water Use in Recreational Turfgrass
Management

This survey is being conducted by researchers in the Department of
Agricultural Economics at Oklahoma State University to determine
water conservation in turfgrass management. Your participation will
greatly benefit future water conservation practices inf@kiea.

Informed consent Pleasecheck this box[_] to indicate that you are aware that your answers
will remain confidential and your participation in this survey is complet@iuntary.

Section I:
Please answer the following questions pertaining to the park/gaturse/sports field/sod
farm or other facility in which you are employed.

1) At what kind of facility are you employed?
[ ] Golf Course
[ ] Recreational Park
[] Sports Field
[ ] Sod Farm
[] Other (please specify)

2) Are you the lead manager?[_] Yes [ ]No

3) Are you one of several employees? | Yes [ ] No
If yes, how many employees are at your facility? people

4) s your facility[_] private of_] public?
5) How many individuals are on your facility’s maintenance staff? people

6) What is the zip code for your facility?
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7) What is the annual operating budget for maintenance at your facility?
$lyear

8) Which of the following watering methods are used on the area you manage
(please check all that apply)?
[ ] Above ground automatic sprinkler (manual)
[ ] Above ground automatic sprinkler (automated)
[ ] Above ground automatic sprinkler (zoned)
[] Manual connection sprinkler
[ ] Drip irrigation
[ ] Soaker hose or flood irrigation (leave hose on ground)
[] Spray by hand as needed
[] Other watering method (please specify)
[ ] We do not irrigate

9) What source do you get your water from for your facility’s irriga#
[ ] City water connection
[ ] Private well water
[_] On site water retention (untreated water)
[] Other (please specify)

10)Do you or a contracted maintenance firm apgg@gticidesto the area you
manage?

[ ]Yes [ ] No

11)Do you or a contracted maintenance firm agplyilizer to the area you manage?
[ ]Yes [ ]No

12)How much of your facility is in turfgrass? acres
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13)Have you adopted any of the following water conservation approaches on the area
you manage? For each water conservation strategy your facility has@dopt
please checlwhenit was adopted and also indicate flercentage of arean
which it applies.

Inthe  Already % of
Within last used prior areain
thelast 2-5 to5years turf

Irrigation practices Never 2years vyears ago practice
e Reduced watering [ ] [] [] [] -
 Reduce percentage of area irrigated [_] [] [] [] -

alone
e Limited or nonexistent Irrigation [] [] L] L] -
e Zoned irrigation systems [] [] L] L] -
« Irrigation scheduling based on plant [ ] [] [] [] -

water requirements as estimated
by site-specific weather data
(Mesonet/SIPS/Evapotranspiration)

e Reuse or gray water for irrigation

e lIrrigation audit L]

NN
NN
NN
|

Inthe Already o4 of
Within last ~used prior greain
thelast 2-5 toSyears  yyrf
Other Water Conservation Strategies Never 2years vyears ago practice

e Selection of improved turfgrass [] HEE []
cultivars for drought tolerance

e Greens or high use areas modified to[ ] [] [] []
improve water percolation and
deeper rooting, avoidance of
excessive slopes

e Higher mowing heights of grass []

e Switch to alternative, non-municipal []
supply

« Adoption of xeriscaping or drought []
tolerant plants where turfgrass is not
necessary

« Adoption of conservation indoors in [ ]
clubhouse, park structures, etc

L O Od
L O Od
L O Od

14)Would your facility be interested in receiving training on your irrigatioeds@
[ ] Strongly agree
[ ] Somewhat agree
[ ] Neither agree nor disagree
[ ] Somewhat disagree
[] Strongly disagree

57



15)What is your predominant motivation for adopting water conservation strategies
(please rank choices 1 — 5 with 1 being the most important)?
____ Lowering costs of water used
______Environmental conservation
_____Reducing labor costs in irrigation
______Response to price increase by municipal water supply
____Reducing mowing or weeding costs

16)What are your concerns or barriers to adopting water conservation sgategie
(please rank choices 1 — 3 with 1 being the most important)?
_____Need for knowledge of strategies to reduce water use
______Concern over performance and appearance of turf for users
____Funding for implementing strategies

Section II:

In this section, you will be asked for demographic and household inforation. Please
remember this survey is confidential and none of you answers will hevealed as an
individual.

17)What is your highest level of education?
[]<12" grade [[] Some college
[ ] H.S. diploma [ ] B.S./B.A. or higher graduate

18)Do you have an associate’s/bachelor’s degree in any of the followingéplea
select all that apply)?
[ ] Turfgrass Management [_] Horticulture
[ ] Landscape Architecture[ ] Other (please specify)
[ ] Plant and Soil Science

19)What certifications have you obtained (please select all that apply)?
[] Certified Golf Course Superintendent (CGCS)
[_] Certified Irrigation Auditor
[_] Certified Sports Field Manager (CSFM)
[] Certified Pesticide Applicator
[ ] Licensed Pesticide Applicator
[] Certified Horticulturist
[ ] Certified Arborist
[ ] Landscape Industry Certified Manager
[ ] Landscape Industry Certified Technician
[] Other (please specify)

20)What is your gender? [ ] Male [ ] Female

21)What is your age? years
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22)Which category best describes your race?
[ ] White [ ] Black, African American[_] Native American
[ ] Asian [] Other (please specify)

Are there any additional comments that you would like to share with the resmarch
about turfgrass water use and conservation in Oklahoma?

Thank you for completing our survey.

Please return your survey to the OSU booth in
the lobby in order to enter the random drawing
for THREE chances to win $100!

If you have any additional questions or comments about this survey, pleass:cont

Tracy Boyer, Assistant Professor
Department of Agricultural Economics
Oklahoma State University
321 Agricultural Economics

Stillwater, OK 74078
tracy.boyer@okstate.edu
Fax: 405-744-8120
Telephone: (405) 744-6169

Please mail or fax any late surveys to Tracy Boyer at the address above!
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Appendix B

Oklahoma State University Institutional Review Board

Date: Wednesday, November 10, 2010

IRB Application No  AG1045

Proposal Title: Water Use in Recreational Turfgrass Management
Reviewed and Exempt

Processed as:

Status Recommended by Reviewer(s): Approved Protocol Expires: 11/9/2011
Principal

Investigator(s):

Tracy Boyer

321 Ag Hall
Stillwater, OK 74078

The IRB application referenced above has been approved. It is the judgment of the reviewers that the
rights and welfare of individuals who may be asked to participate in this study will be respected, and that
the research will be conducted in a manner consistent with the IRB requirements as outlined in section 45
CFR 46.

The final versions of any printed recruitment, consent and assent documents bearing the IRB approval
stamp are attached to this letter. These are the versions that must be used during the study.

As Principal investigator, it is your responsibility to do the following:

1. Conduct this study exactly as it has been approved. Any modifications to the research protocol
must be submitted with the appropriate signatures for IRB approval.

2. Submit a request for continuation if the study extends beyond the approval period of one calendar
year. This continuation must receive IRB review and approval before the research can confinue.

3. Report any adverse events to the IRB Chair promptly. Adverse events are those which are
unanticipated and impact the subjects during the course of this research; and

4. Notify the IRB office in writing when your research project is complete.

Please note that approved pratocols are subject to monitoring by the IRB and that the IRB office has the
authority to inspect research records asscciated with this protocol at any time. 1f you have guestions
about the IRB procedures or need any assistance from the Board, please contact Beth McTernan in 219
Cordell North (phone: 405-744-5700, beth.mcternan@okstate.edu).

Sincerely,

Shelia Kennison, Chair
Institutional Review Board
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