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SUMMARY. Identifying sources of turfgrass cultivar performance data can be difficult
for many consumers. Currently, the best source for data of this type is the National
Turfgrass Evaluation Program (NTEP). Unfortunately, these data are made public
in a format that is not readily usable for most consumers. Ideally, turfgrass cultivar
data would be available in an easily accessible database. We conducted an online
survey to investigate user preferences for accessing publically available turfgrass
performance data in the United States. We found users desire a turfgrass cultivar
performance database that allows for the identification of cultivars best adapted and
tolerant to environmental stresses. The information on turfgrass mixtures and
blends is also important tomost users. Users’ sociodemographic backgrounds, such
as gender, education, occupation, and experience in the turf industry, affected their
attitudes toward information provided in the turfgrass database. Turfgrass con-
sumers need the new database to provide information on identifying turfgrass
options that are resource efficient and endophyte resistant. Turfgrass breeders, re-
searchers, and extension specialists use the turfgrass database to compare different
turfgrasses cultivars to do further analysis. The results of this study provide im-
portant implications on how an updated turfgrass cultivar performance database
and platform can fulfill the different needs of turfgrass researchers, extension per-
sonnel, breeders, and stakeholders.

T
urfgrass is extensively used as
a major landscape component
covering an area larger than

any other irrigated crop in the United
States (Milesi et al., 2005). Residen-
tial and commercial lawns provide
environmental, economic, and so-
cial benefits for society (Beard and
Green, 1994). However, improper

management practice of turfgrass, for
instance, overfertilization and exces-
sive irrigation, can lead to negative
impacts on the environment and hu-
man health (Martini et al., 2015;
Milesi et al., 2005; Monaghan et al.,
2016; Robbins and Birkenholtz,
2003; Robbins and Sharp, 2003).
Selecting turfgrass cultivars that are
both well adapted to site conditions
and need fewer resources can help
mitigate potential negative environ-
mental impact. Therefore, acquiring
useful information and knowledge on
best turf management practices is es-
sential to turf growers and managers.

Homeowners and public turf
managers are the primary consumers
and users of turfgrass seeds and sod
(Beddow et al., 2001). For each turf-
grass species, numerous cultivars are
available (Christians et al., 2017).How
they choose turfgrass cultivars and
maintenance practices largely depends
on their current turfgrass management

knowledge (Yue et al., 2017a, 2017b).
Numerous cultivars exhibit improved
abiotic and biotic stress tolerance, as
well as enhanced quality under limited
inputs (Meyer et al., 2017). In spite of
the development of low-input turf-
grass cultivars, most consumers still
have little awareness of the presence
of these cultivars on the market (Yue
et al., 2017b). Consumers also have
a hard time finding reliable data sour-
ces and knowledge on turf mainte-
nance. As previous studies suggested,
turfgrass consumers trusted the in-
formation from the Cooperative Ex-
tension Service at local land-grant
universities (Patton et al., 2013), but
found information from the Internet
as neither useful nor trustworthy (Yue
et al., 2017a).

Turfgrass researchers have been
collecting cultivar performance data
for several decades, and typically these
data are publically available on the
Internet. The primary source of these
data is the NTEP, which has been
collecting data on major turfgrass
species since the early 1980s. NTEP
provides information of turfgrass fea-
tures, such as quality, color, texture,
density, uniformity, establishment,
traffic tolerance, mowing quality,
and resistance to abiotic and biotic
stresses. NTEP data have been used
by turfgrass researchers, extension
specialists, turfgrass breeders and
growers, and even some nonprofes-
sional turfgrass consumers. However,
the current data format is not user-
friendly for average homeowners and
other users. The NTEP website re-
leases reports from replicated trials in
a .txt file format that does not allow
for the rapid queries to efficiently
identify useful information. Moving
NTEP and other publically available
data to a modern relational database
management system could make it
easier for end users to get the latest
andmost useful information onmajor
turfgrass species and cultivars. Possi-
bly, users can also obtain data from
future experiments that could assess
the performance of turfgrass mixtures
(mixtures of multiple species and cul-
tivars) and blends (mixtures of culti-
vars from a single species).

Units
To convert U.S. to SI,
multiply by U.S. unit SI unit

To convert SI to U.S.,
multiply by

0.4047 acre(s) ha 2.4711
0.4536 lb kg 2.2046
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Understanding the preference
and needs of different users can help
researchers improve the efficiency of
data query and provide more valuable
and reliable information. The focus of
this study was to investigate the
informational needs of different audi-
ences of a turfgrass cultivar perfor-
mance database. Specifically, our
objectives were as follows: 1) to ex-
amine end-users’ attitudes toward
different usage options for a potential

new turfgrass cultivar performance da-
tabase, 2) to identify the most impor-
tant information users need from
a turfgrass cultivar performance data-
base, 3) to determine preferences for
data format and database features, and
4) to investigate how audiences from
multiple disciplines use the database
differently. We hope to provide infor-
mationthat canbeused tobuildauseful,
impactful turfgrass cultivar performance
database so that stakeholders can more

readily obtain research-based informa-
tion when making seed purchasing
decisions.

Materials and methods
An online survey was conducted

to investigate individual preference for
turfgrass database use. Survey partici-
pants with turfgrass experience were
sought by contacting the members of
21 professional turfgrass organizations
in Indiana, Wisconsin, New Jersey,

Table 1. Summary statistics of respondents’ sociodemographic information from a survey investigating individual preference
for turfgrass database use (N = 306).

Variable Descriptionz Mean SD

Age Age in category variable (years): 1 = 18–30; 2 = 31–
40; 3 = 41–50; 4 = 51–60; 5 = 60 or older

3.40 1.28

Male Dummy = 1 if male; 0 otherwise 0.92 0.27
Experience Years of experience working in the turfgrass

industry (years): 1 = 5 or less; 2 = 6–10; 3 = 11–
15; 4 = 16–20; 5 = 21–30; 6 = 31 or more

4.50 1.56

Education Highest level of formal eduction completed:
1 = high school diploma or equivalent; 2 = some
college, but no degree; 3 = vocational or
extension certificate; 4 = 2-year college degree;
5 = 4-year college degree; 6 = some graduate
school; 7 = graduate degree

5.07 1.60

Northeastern United States Dummy = 1 if the respondent lives in the
northeastern United States; 0 = otherwise

0.18 0.39

Midwestern United States Dummy = 1 if the respondent lives in the
midwestern United States ; 0 = otherwise

0.29 0.45

Southern United States Dummy = 1 if the respondent lives in the
southern United States; 0 = otherwise

0.13 0.34

Western United States Dummy = 1 if the respondent lives in the
western United States; 0 = otherwise

0.12 0.32

Not United States Dummy = 1 if the respondent does not reside
in the United States; 0 = otherwise

0.01 0.08

Occupations
Golf course superintendent 28.10%
Sports turf manager 9.15%
Parks/grounds manager 8.82%
Lawn care operator 11.11%
Landscape management 8.50%
Sod production 5.23%
Research-public 10.13%
Research-private 9.80%
Extension service 8.82%
Seed sales/supplier/seed broker 16.34%
Plant protectant sales 3.92%
Sales, other 5.56%
Lawn and garden supply 2.29%
Homeowner 7.19%
Turfgrass breeder 4.90%
Property manager 4.25%
City or county administrator 0.65%
Local/county/state purchasing/
specification development

0.98%

zA dummy variable is a numerical variable used in regression analysis to distinguish different treatment groups.
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Minnesota, and Oregon. These orga-
nizations included growers, land-
scapers, sport field managers, vendors,
and educators in the turfgrass industry.
The survey asked questions about par-
ticipants’ familiarity and current usage
of NTEP data, such as the frequency
of visiting the NTEP website. Ques-
tions also included individual attitudes
toward different usages of a new turf-
grass cultivar performance database,
preferred wait time, desired data for-
mat, and interface. Demographic back-
ground information was collected,
including respondents’ age, gender,
education level, state of residence, oc-
cupation, and,when applicable, regions
of grass sales and years of experience
working in the turfgrass industry.

In total, we obtained 443 re-
sponses, with 306 remaining after
eliminating incomplete responses.
The variables of our primary inter-
est were self-reported attitudes to-
ward different usage of a new NTEP
database on a seven-point Likert
scale (with a 1 to 7 continuous
scale, 1 = not at all likely, 2 =
unlikely, 3 = somewhat unlikely,
4 = neutral, 5 = somewhat likely,
6 = likely, and 7 = extremely likely).
Ordered probit models were used
to analyze users’ preferences for
different NTEP database attri-
butes. The ordered probit model
has been widely used to identify the
main factors affecting responses
that were discrete and ordinal

(Greene and Hensher, 2010; Yue
et al., 2010). Let y�i be an unobserv-
able, underlying latent variable rep-
resenting respondent i’s propensity
to agree with a statement, and yi be
an individual i’s response to survey
questions, which is the observed de-
pendent variable. The unobserved
dependent variable y�i can be expressed
as a function of a vector of indepen-
dent variables X by the following
specification:

y�i =Xib + e; e;Normalð0;1Þ;

where b is the vector of unknown
coefficients and e are the error terms
that are assumed to follow a normal
distribution with zero mean and SD of

Table 2. Summary statistics of respondents’ attitudes toward different features/usages of a modern relational database
management system of turfgrass cultivar performance data (on a seven-point Likert scale, with 1 = ‘‘not at all likely’’ and 7 =
‘‘extremely likely’’) from a survey investigating individual preference for turfgrass database use.

Feature no. Variable descriptionz
Observations

(no.) Mean SD

1 Find cultivars that have performed well under
environmental stress conditions (e.g., shade,
drought, cold, diseases)

305 6.11 1.28

2 Identify turfgrass seed options for a specific site
based on site conditions (e.g., soil type, climate,
shade/sun)

302 5.71 1.48

3 Find data on turfgrasses for use in a seeding project
(e.g., large turf area, home lawn)

303 5.52 1.53

4 Input the data for cultivars listed in a mixture, the
site purpose and site conditions to determine if
this mixture should be recommended for your
location/purpose/conditions

302 5.48 1.63

5 Compare turfgrasses across different NTEP tests by
using standard cultivars and statistics

304 5.43 1.56

6 Find if a cultivar is currently sold commercially and
where to purchase

302 5.41 1.60

7 View images of turf plots to compare performance
visually

301 5.38 1.60

8 Obtain site characteristics for NTEP locations 302 5.13 1.60
9 Search the database to determine general

information about a cultivar
304 5.12 1.75

10 Conduct meta-analysis of large data sets to answer
a research question

301 4.99 1.89

11 Find cultivar data to make recommendations to
customers who purchase seed

303 4.82 1.95

12 Find endophyte infection information of tested
cultivars

303 4.51 1.82

13 Conduct simple statistics (e.g., mean separation,
t test)

302 4.26 1.90

14 Find cultivar data to make recommendations to
stakeholders (e.g., if you are in extension or
a similar role)

302 4.24 1.97

15 Find the experimental name under which a named
cultivar was originally tested

303 4.23 2.04

16 Compare differences in average seed size within
and between species

300 3.62 1.81

zNTEP = National Turfgrass Evaluation Program.
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Table 3. Summary statistics of respondents’ experience and familiarity with National Turfgrass Evaluation Program (NTEP)
website, preferred database features, and the sale volumes and turfgrass acreage for turf managers and sales from a survey
investigating individual preference for turfgrass database use (N = 306).

Variables Descriptionz Mean

Internet Percentage of respondents who have ever used the
internet to find turfgrass performance data
before purchasing seeds

84.31%

Heard Percentage of respondents who have ever heard of
NTEP before this survey

87.25%

Visit frequency Frequency to visit the NTEP website to obtain
cultivar evaluation information or results:
0 = never 18.63%
1 = less than once per year (only when needed) 33.33%
2 = several times per year 33.33%
3 = once per mo. 1.31%
4 = more than once per mo. 7.84%
5 = once per week 1.96%
6 = more than once per week 3.59%

Information useful Percentage of respondents who think turfgrass
mixture performance information would be
important

79.08%

Data feature Important features of the NTEP data:
1 = not sure 30.26%
2 = better format of analyzed data output (e.g.,
displayed in a figure instead of text file)

46.05%

3 = increased speed for data availability (e.g., data
are available on NTEP website soon after it has
been collected in the field)

23.68%

Wait time The duration of wait time for query processing
resulting in the participant being dissatisfied with
the database:
1 = 10 s or less 9.93%
2 = 10–60 s 39.74%
3 = more than 1 min 34.44%
4 = more than 5 min 15.89%

Download Percentage of participants who would be likely to
download data from the NTEP website if that
option was available in the future

86.93%

Familiar _SQL Percentage of participant being familiar with SQL 12.09%
Familiar _GIS Percentage of participant being familiar with GIS 45.10%
Familiar _NTEP web Percentage of participants being familiar with

NTEP website
67.32%

Familiar _Codebook
NTEP

Percentage of participant being familiar with
codebook from the NTEP website

5.23%

Option of data Option of data would increase use of NTEP data:
1 = raw data (not statistically analyzed) available
for the previous collection year by 1 Mar.

8.17%

2 = raw data available for download soon after
being collected in the field (e.g., 1 to 2 d), no
analyzed data available

8.82%

3 = analyzed data only reported one time per year
(e.g., by 1 Mar. the year after data collection)

34.31%

4 = raw data available for download available
soon after data collection, AND analyzed data
reported one time per year (e.g., by 1 Mar. the
year after data collection)

30.72%

5 = none of these options would increase my use
of NTEP data

18.30%

Query interface Preferred query interface:

(Continued on next page)
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1. The observed dependent variable y
is represented by

y =

8>><
>>:

1 if y� £ v1
2 if v1 £ y� £ v2

..

.

7 if y� ‡ v7

The dependent variables include
rated scales for usages such as to
compare turfgrasses across different
tests, or to find data on turfgrass for
use in a seeding project. The inde-
pendent variable vector X includes
information on individual character-
istics, such as age, gender, education,
regions of residence, regions of turf-
grasses sales, years of working experi-
ence in the turf industry, and two
dummy variables indicating if the re-
spondent ever used the Internet to
find information on turfgrass and ever
heard of NTEP database.

Results and discussion
The summary statistics for de-

mographics are listed in Table 1.
Most respondents were male, with
an average age in the range of 41 to
50 years. The average education level
was a 4-year college degree, and the
average years of experience in the

turfgrass industry were �16 to 20
years. Approximately 30% of the re-
spondents live in the midwestern
United States, followed by the north-
eastern (18%), southern (13%), and
western (11%) United States. Twenty-
eight percent of the respondents were
golf course superintendents and 16%
were seed sales/supplier/seed bro-
kers. Groups of sport turf managers,
parks/grounds managers, lawn care
operators, and landscape managers
each account for 9% to 11% of the
sample. More than 9% of the respon-
dents were from extension service, or
public or private research institutes.
Seven percent of the respondents were
homeowners.

Table 2 shows the summary sta-
tistics for the seven-point Likert scale
of different usage of a new turfgrass
cultivar performance database. The
most highly rated future use desired
in a new database was to find better-
performing cultivars under environ-
mentally stressed conditions. This
feature was rated significantly higher
than other features (P < 0.01), and
more than 90% of the respondents
were likely to need this information.
Other important features include
identifying turfgrass seed options for
a specific site based on site conditions,

finding data on turfgrasses for use in
a seeding project (e.g., large turf area,
home lawn), and inputting the data
for cultivars listed in a mixture to
determine if the mixture is suitable
for a given location and purpose
(Table 2).

Respondents had positive atti-
tudes toward features such as com-
paring turfgrasses across different
NTEP tests by using standard culti-
vars and statistics, finding if a cultivar
is currently sold commercially and
where to purchase, viewing images
of turf plots to compare performance
visually, obtaining site characteristics
for NTEP locations, and searching
the database to determine general
information about specific cultivars
(Table 2). On average, respondents
had neutral attitudes toward using the
database to conduct meta-analyses
of large data sets to answer a re-
search question, finding cultivar data
to make recommendations to cus-
tomers who purchase seed, finding
endophyte infection information of
tested cultivars, conducting simple
statistics (e.g., mean separation, t
test), finding cultivar data to make
recommendations to stakeholders
(e.g., if you are in extension or
a similar role), and finding the

Table 3. (Continued) Summary statistics of respondents’ experience and familiarity with National Turfgrass Evaluation
Program (NTEP) website, preferred database features, and the sale volumes and turfgrass acreage for turf managers and sales
from a survey investigating individual preference for turfgrass database use (N = 306).

Variables Descriptionz Mean

1 = Web-form (e.g., selecting a set of predefined
conditions)

41.35%

2 = SQL 2.63%
3 = GIS or map-based (e.g., clicking a location) 25.19%
4 = not sure 30.83%

Output format Preferred query output format:
1 = table (spreadsheet) 6.04%
2 = map 18.87%
3 = both 66.79%
4 = not sure 8.30%

Other software Percentage to use the downloaded data in another
software

42.16%

Area The coverage a manager can manage (acres): 1 =
less than 1; 2 = 1–5; 3 = 5–10; 4 = 10–50; 5 = 50–
100; 6 = more than 100

5.44

Sales volume The turfgrass seed sales volume per year for the
sales company (lb): 0 = I don’t know; 1 = less
than 100,000; 2 = 100,001 to 250,000; 3 =
250,001 to 500,000; 4 = 500,001 to 1,000,000;
5 = 1,000,001 to 2,000,000; 6 = 2,000,001 to
3,000,000; 7 = 3,000,001 to 4,000,000; 8 =
more than 4,000,000

4.11

zSQL = language used to communicate with a database; GIS = geographic information systems; 1 acre = 0.4047 ha; 1 lb = 0.4536 kg.
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Table 4. Estimation results from a system of ordered probit models for different features of a modern relational turfgrass
cultivar performance database management system regressed on respondents’ demographics, occupations, and familiarity of
online data source.

Variable Feature 1z Feature 2 Feature 3 Feature 4 Feature 5 Feature 6

Demographics
Age –0.098 –0.030 –0.074 –0.114* –0.061 0.061

(1.388)y (0.459) (1.113) (1.709) (0.930) (0.921)
Male 0.407 0.124 0.379 0.545** –0.168 0.476*

(1.460) (0.477) (1.479) (2.146) (0.652) (1.847)
Education –0.122** –0.149*** –0.132*** –0.042 –0.149*** –0.105**

(2.291) (2.927) (2.624) (0.836) (2.997) (2.088)
Northeastern United States 0.129 0.005 0.403** 0.020 0.058 0.201

(0.618) (0.025) (2.015) (0.101) (0.296) (0.998)
Midwestern United States 0.038 –0.029 0.094 0.189 0.110 –0.094

(0.213) (0.169) (0.547) (1.098) (0.646) (0.546)
Western United States 0.664** 0.499** 0.473** 0.318 0.173 0.261

(2.523) (2.060) (1.993) (1.332) (0.727) (1.094)
Southern United States 0.639** 0.319 0.531** 0.280 0.581** 0.232

(2.441) (1.335) (2.218) (1.177) (2.424) (0.964)
Experience 0.050 0.042 0.102* 0.165*** 0.043 0.057

(0.841) (0.750) (1.858) (2.999) (0.778) (1.039)
Internet 0.797*** 0.804*** 0.924*** 0.541*** 0.871*** 0.667***

(4.195) (4.347) (5.036) (2.985) (4.767) (3.655)
Heard 0.292 0.339 –0.170 0.226 0.252 0.049

(1.353) (1.633) (0.819) (1.103) (1.244) (0.239)

Regions of sales
Sale northeastern United States –0.275 –0.107 –0.165 –0.160 –0.388 –0.160

(0.933) (0.395) (0.612) (0.585) (1.448) (0.582)
Sale midwestern United States 0.087 0.129 0.094 –0.139 –0.249 –0.139

(0.351) (0.559) (0.411) (0.598) (1.087) (0.606)
Sale southern United States –0.185 –0.510* –0.275 –0.080 0.139 0.021

(0.562) (1.708) (0.932) (0.262) (0.475) (0.069)
Sale western United States –0.067 0.204 –0.177 0.097 0.439 0.308

(0.221) (0.706) (0.616) (0.337) (1.516) (1.070)
Puerto Rico 0.469 0.973** 1.309*** 0.393 0.816 0.272

(0.885) (2.009) (2.675) (0.828) (1.581) (0.580)

Occupations
Golf course superintendent –0.082 0.012 –0.307 –0.107 –0.192 –0.297

(0.369) (0.055) (1.468) (0.512) (0.928) (1.436)
Sports turf manager –0.532** –0.225 –0.357 0.063 –0.315 –0.164

(1.972) (0.870) (1.395) (0.243) (1.237) (0.635)
Parks/grounds manager –0.226 –0.096 –0.243 –0.243 –0.217 –0.245

(0.804) (0.357) (0.907) (0.913) (0.820) (0.905)
Lawn care operator 0.668** 0.591** 0.394 0.659** 0.317 0.634**

(2.187) (2.091) (1.395) (2.309) (1.144) (2.231)
Landscape management 0.317 0.155 0.122 0.151 0.347 0.318

(1.115) (0.578) (0.457) (0.564) (1.320) (1.184)
Sod production 0.968** 0.040 0.409 0.973*** 0.516 1.026***

(2.338) (0.117) (1.173) (2.651) (1.475) (2.794)
Research-public 0.170 –0.109 0.107 0.120 0.184 0.735***

(0.585) (0.411) (0.397) (0.456) (0.698) (2.620)
Research-private 0.630** 0.471* 0.228 0.504* 0.564** 0.346

(2.033) (1.721) (0.842) (1.812) (2.082) (1.261)
Extension service 0.223 0.332 0.114 –0.121 –0.033 0.181

(0.751) (1.202) (0.410) (0.443) (0.121) (0.640)
Seed sales/supplier/seed broker 0.209 –0.231 –0.129 –0.016 0.240 –0.482*

(0.770) (0.908) (0.515) (0.061) (0.947) (1.903)
Plant protectant sales –0.272 0.098 –0.126 0.595 0.114 0.640

(Continued on next page)
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experimental name under which
a named cultivar was tested initially
(Table 2).

Table 3 presents the summary
statistics for users’ attitudes toward
other important aspects of the NTEP
database. More than 84% of respon-
dents used the Internet to find in-
formation on turfgrass performance
and �87% had heard of the NTEP
dataset before this survey. Although
>81% of respondents had visited
the NTEP website at some point
before taking the survey, the average
frequency of visits was reported as less
than once per year (only when
needed), and most of them had one
or a few visits (Table 3).

Seventy-nine percent of the re-
spondents found turfgrass mixture
information to be important (Table
3). Forty-six percent of the respon-
dents would like the new database to
provide a better format of analyzed
data output, and 23% wanted in-
creased speed for data availability (Ta-
ble 3). The median wait time that
respondents were willing to endure is
�1 to 5 min. More than 86% of the
participants would like to download
the data if the option is provided. The
desire for rapid access lines up with
a previous study by Kozub et al.
(2000), who suggested that a data-
base for breeding research programs

should allow for easy and efficient
access.

More than two-thirds of the re-
spondents were familiar with the
NTEP website and �45% were famil-
iar with geographic information sys-
tems (GIS), only 12% and 5% of them
were familiar with SQL (a language
used to communicate with a database)
and the codebook from the NTEP
website that defines the codes that are
used in data reporting, respectively
(Table 3). As for data options, 34% of
the respondents thought the annual
analyzed data would increase their use
of a new turfgrass cultivar perfor-
mance database and 30%would prefer
raw data available for download soon
after data collection, together with an
annual analyzed data report (Table
3). The most preferred query inter-
face was a web-form followed by GIS
or a map-based interface. Fewer than
3% of respondents preferred an SQL
interface (Table 3), which is not sur-
prising given their lack of knowledge
of the language. Most respondents
preferred output format in both ta-
bles and maps, and 42% of users de-
sired to download the data into other
software.

ESTIMATION RESULTS FROM

ORDERED PROBIT MODELS. With 16
dependent variables potentially corre-
lated, we used a system of ordered

probit models to identify the critical
factors affecting respondents’ prefer-
ence for different usage of the new
turfgrass database. The results for 16
dependent variables are presented in
Tables 4 to Table 6. The dependent
variables are the features of the NTEP
database discussed in Table 2. In
general, we found that more educated
individuals were less likely to use the
NTEP for most of the discussed fea-
tures. Compared with those who
never searched turfgrass information
on the Internet, individuals who
searched the Internet to find turfgrass
information rated all of the presented
features as more important, signifi-
cant at the 1% level. Age had no
significant effects on attitudes toward
different data usage, whereas years of
experience, being male, and living in
different regions had significant ef-
fects on some features. Occupation
affected individuals’ attitudes toward
various features quite differently.

Specifically, in Table 4 we found
that lawn care managers, sod pro-
ducers, and respondents who live in
the western and the southern United
States considered finding information
on top-performing cultivars under
environmentally stressed conditions
as important, but sports turf man-
agers and property managers cared
less about turfgrass performance

Table 4. (Continued) Estimation results from a system of ordered probit models for different features of a modern relational
turfgrass cultivar performance database management system regressed on respondents’ demographics, occupations, and
familiarity of online data source.

Variable Feature 1z Feature 2 Feature 3 Feature 4 Feature 5 Feature 6

(0.687) (0.258) (0.330) (1.535) (0.299) (1.629)
Sales –0.449 –0.181 –0.468 –0.454 –0.102 –0.105

(1.341) (0.551) (1.475) (1.418) (0.320) (0.332)
Lawn and garden supply 0.231 –0.134 0.319 –0.668 –0.328 –0.070

(0.440) (0.272) (0.631) (1.308) (0.667) (0.140)
Homeowner 0.354 0.299 0.685** 0.377 0.197 0.501*

(1.182) (1.087) (2.415) (1.380) (0.733) (1.828)
Turfgrass breeder 0.752* 0.115 –0.336 –0.087 0.370 0.050

(1.738) (0.327) (0.980) (0.250) (1.031) (0.144)
Property manager –0.532 –0.356 –0.354 –0.517 –0.534* –0.087

(1.573) (1.044) (1.077) (1.589) (1.664) (0.266)
City or county administrator –0.088 –0.642 –0.201 –0.382 –0.143 –0.018

(0.114) (0.820) (0.266) (0.509) (0.189) (0.024)
Local/county/state purchasing/

specification development
0.610 –0.089 1.557** 0.757 0.514 0.656

(0.786) (0.126) (1.971) (0.986) (0.705) (0.852)
N 305 302 303 302 304 302
zThe dependent variables are the features summarized in Table 2: Feature 1 = find cultivars that have performed well under environmental stress conditions; Feature 2 = identify
turfgrass seed options for a specific site based on site conditions; Feature 3 = find data on turfgrasses for use in a seeding project; Feature 4 = input the data for cultivars listed in
a mixture, the site purpose, and site conditions to determine if this mixture should be recommended for your location/purpose/conditions; Feature 5 = compare turfgrasses
across different National Turfgrass Evaluation Program tests by using standard cultivars and statistics; Feature 6 = find if a cultivar is currently sold commercially and where to
purchase.
yAbsolute t statistics in parentheses: *** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level.
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Table 5. Estimation results from a system of ordered probit models for different features of a modern relational turfgrass
cultivar performance database management system regressed on respondents’ demographics, occupations, and familiarity of
online data source.

Variable Feature 7z Feature 8 Feature 9 Feature 10 Feature 11

Demographics
Age –0.051 –0.067 0.058 –0.055 0.052

(0.779)y (1.025) (0.874) (0.835) (0.788)
Male 0.450* 0.349 0.226 –0.102 –0.013

(1.762) (1.384) (0.882) (0.398) (0.048)
Education –0.217*** –0.115** –0.087* –0.157*** –0.010

(4.286) (2.371) (1.772) (3.177) (0.208)
Northeastern United States 0.270 0.158 0.071 –0.236 –0.211

(1.360) (0.804) (0.355) (1.190) (1.066)
Midwestern United States 0.192 0.172 –0.032 0.068 –0.243

(1.126) (1.013) (0.187) (0.400) (1.421)
Western United States 0.623*** 0.471** 0.144 0.072 0.206

(2.576) (2.005) (0.608) (0.305) (0.858)
Southern United States 0.344 0.343 0.264 –0.080 –0.074

(1.450) (1.448) (1.116) (0.341) (0.316)
Experience –0.012 0.115** –0.020 0.078 0.011

(0.219) (2.123) (0.362) (1.432) (0.211)
Internet 0.543*** 0.696*** 0.785*** 0.583*** 0.668***

(3.010) (3.859) (4.311) (3.222) (3.691)
Heard 0.226 0.229 0.468** 0.096 0.131

(1.104) (1.138) (2.294) (0.470) (0.645)
Sale northeastern United States –0.382 –0.236 –0.436 0.139 –0.360

(1.383) (0.888) (1.616) (0.525) (1.376)
Sale midwestern United States –0.146 –0.379* –0.089 –0.339 0.058

(0.627) (1.655) (0.387) (1.496) (0.257)
Sale southern United States 0.316 0.499* 0.406 0.029 0.188

(1.030) (1.669) (1.353) (0.098) (0.655)
Sale western United States 0.440 –0.019 0.670** 0.365 0.050

(1.521) (0.067) (2.332) (1.290) (0.173)
Puerto Rico –0.184 0.261 –0.381 0.188 0.454

(0.406) (0.574) (0.841) (0.403) (0.922)

Occupation
Golf course superintendent 0.070 0.041 –0.176 0.014 –0.693***

(0.340) (0.199) (0.851) (0.068) (3.361)
Sports turf manager 0.096 0.115 –0.031 0.209 –0.389

(0.375) (0.449) (0.122) (0.815) (1.545)
Parks/grounds manager –0.259 –0.329 –0.377 0.179 –0.429

(0.974) (1.250) (1.416) (0.674) (1.637)
Lawn care operator 0.437 0.510* 0.150 0.755*** 0.226

(1.529) (1.815) (0.536) (2.698) (0.828)
Landscape management 0.519* 0.074 0.403 –0.000 –0.222

(1.939) (0.283) (1.535) (0.000) (0.861)
Sod production 0.727** 0.403 0.630* 0.714** 0.111

(2.064) (1.205) (1.813) (2.077) (0.331)
Research-public 0.052 0.225 0.714*** 0.963*** 0.237

(0.198) (0.863) (2.640) (3.603) (0.881)
Research-private 0.545** 0.658** 0.793*** 0.532* 0.591**

(1.971) (2.430) (2.834) (1.937) (2.160)
Extension service 0.137 0.224 –0.063 –0.035 0.495*

(0.510) (0.834) (0.231) (0.130) (1.768)
Seed sales/supplier/seed broker 0.054 0.184 –0.360 –0.162 0.419*

(0.215) (0.744) (1.421) (0.650) (1.659)
Plant protectant sales 0.316 0.397 0.583 0.469 0.443

(0.817) (1.058) (1.482) (1.232) (1.159)
Sales –0.741** –0.377 –0.540* –0.357 –0.063

(Continued on next page)
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under stressed conditions. Lawn care
operators and respondents from the
western United States were more
likely to care about identifying turf-
grass seed options for a specific site
based on site conditions, whereas
those who manage turfgrass in the
southern United States cared less
about this feature. This likely is be-
cause most warm-season turfgrasses
used in the southern United States
are established vegetatively by sod,
whereas cool-season grasses used in
the northern United States are most
commonly established by seed
(Christians et al., 2017). Homeown-
ers and local/county/state purchas-
ing people were willing to use the
database to find information on turf-
grasses in a seeding project. People in
the western United States, the south-
ern United States, and those with
a targeted region in Puerto Rico also
thought of this information as useful.
More experienced male respondents,
lawn care operators, and sod pro-
ducers cared about the information
on mixtures of cultivars for different
site purpose, whereas this informa-
tion was not as valuable to property
managers. Private researchers and in-
dividuals who live in the southern
United States cared about the com-
parisons of turfgrasses across different
NTEP tests, whereas property man-
agers were less likely to care about this
feature. Male respondents, sod pro-
ducers, public researchers, and

homeowners wanted to find informa-
tion on whether a cultivar is currently
sold commercially and where to pur-
chase, but seed sales/suppliers had no
such needs because they already have
enough knowledge on what is in the
market.

Results from Table 5 suggested
that lawn care operators, private re-
searchers, together with more experi-
enced respondents and those who
lived in the western United States,
had a preference to obtain site charac-
teristics for NTEP testing locations
(e.g., soil test information, weather
data) Researchers and homeowners,
and those who have heard of the
NTEP website rated the general in-
formation of a cultivar as useful,
whereas seed sales/suppliers/seed
brokers and sales did not value this
information. Private researchers, ex-
tension specialists, and homeowners
wanted to find cultivar data to make
recommendations for purchasing
seed, whereas golf course superinten-
dent and parks/grounds managers
were less likely need such information.

Lawn care operators, researchers,
extension specialists, and homeowners
desired endophyte infection informa-
tion of tested cultivars. Respondents
with their targeted regions in the
northeastern United States and the
western United States had similar
needs. Researchers in both public
and private sectors and participants
withmore years of turfgrass experience

were more likely to conduct simple
statistical analysis. More experienced
respondents, researchers, and exten-
sion specialists needed the turfgrass
data to make recommendations to
stakeholders. Researchers and plant
protectant salespersons would like to
find the experimental name under
which a named cultivar was originally
tested. Private researchers and home-
owners were more likely to care about
the feature to compare differences in
average seed size within and between
species.

Homeowners would like a new
turfgrass cultivars performance data-
base to provide general information
about cultivars and comparison of
average seed size within and between
species; they also desire endophyte
infection information and informa-
tion about where to purchase seed
of particular cultivars.

Compared with nonresearchers,
researchers neededmost of the features,
except for some applied usages, such as
finding cultivars for specific conditions.
Extension specialists, on the other hand,
had stronger needs for information on
cultivar data and endophyte infection to
make recommendations to customers
and stakeholders.

Breeders would like to have im-
ages of turf plots to compare perfor-
mance visually, and they would like
large data sets to conductmeta-analyses
to answer research questions. Sod pro-
ducers had similar needs compared

Table 5. (Continued) Estimation results from a system of ordered probit models for different features of a modern relational
turfgrass cultivar performance database management system regressed on respondents’ demographics, occupations, and
familiarity of online data source.

Variable Feature 7z Feature 8 Feature 9 Feature 10 Feature 11

(2.303) (1.198) (1.692) (1.123) (0.201)
Lawn and garden supply –0.085 –0.750 –0.594 –0.049 –0.232

(0.175) (1.546) (1.225) (0.099) (0.473)
Homeowner 0.280 0.098 0.431 0.117 0.599**

(1.033) (0.379) (1.612) (0.448) (2.271)
Turfgrass breeder 1.021*** 0.464 0.443 0.838** 0.177

(2.793) (1.338) (1.236) (2.304) (0.498)
Property manager 0.159 –0.135 –0.049 –0.358 –0.263

(0.482) (0.421) (0.150) (1.092) (0.812)
City or county administrator 0.565 0.186 0.735 –1.210 –0.295

(0.748) (0.248) (0.975) (1.446) (0.395)
Local/county/state purchasing/

specification development
0.932 0.221 0.459 –0.539 0.742

(1.224) (0.321) (0.637) (0.792) (1.031)
N 301 302 304 301 303
zThe dependent variables are the features summarized in Table 2: Feature 7 = view images of turf plots to compare performance visually; Feature 8 = obtain site characteristics
for National Turfgrass Evaluation Program locations; Feature 9 = search the database to determine general information about a cultivar; Feature 10 = conduct meta-analysis of
large data sets to answer a research question; Feature 11 = find cultivar data to make recommendations to customers who purchase seed.
yAbsolute t statistics in parentheses: *** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level.
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Table 6. Estimation results from a system of ordered probit models for different features of a modern relational turfgrass
cultivar performance database management system regressed on respondents’ demographics, occupations, and familiarity of
online data source.

Variable Feature 12z Feature 13 Feature 14 Feature 15 Feature 16

Demographics
Age 0.028 –0.043 0.025 0.048 –0.047

(0.437)y (0.668) (0.383) (0.738) (0.724)
Male –0.129 –0.054 –0.378 –0.094 –0.305

(0.512) (0.215) (1.448) (0.367) (1.213)
Education –0.127*** –0.165*** –0.059 –0.144*** –0.201***

(2.640) (3.410) (1.237) (2.944) (4.183)
Northeastern United States 0.225 –0.184 –0.166 –0.011 0.004

(1.151) (0.942) (0.833) (0.056) (0.023)
Midwestern United States –0.054 –0.100 –0.154 –0.052 0.079

(0.320) (0.591) (0.909) (0.304) (0.470)
Western United States 0.239 0.116 0.070 0.383 0.381*

(1.038) (0.501) (0.301) (1.633) (1.648)
Southern United States –0.022 0.191 –0.043 0.227 0.130

(0.097) (0.820) (0.184) (0.967) (0.565)
Experience 0.054 0.118** 0.125** 0.055 0.077

(1.014) (2.193) (2.301) (1.020) (1.431)
Internet 0.845*** 0.545*** 0.574*** 0.602*** 0.590***

(4.605) (3.014) (3.153) (3.289) (3.247)
Heard 0.285 –0.176 –0.204 –0.032 –0.518**

(1.404) (0.874) (0.992) (0.159) (2.576)
Sale northeastern United States 0.544** –0.018 –0.451* –0.359 0.058

(2.041) (0.068) (1.707) (1.365) (0.225)
Sale midwestern United States –0.161 0.046 –0.340 –0.508** –0.050

(0.718) (0.205) (1.491) (2.260) (0.223)
Sale southern United States –0.079 –0.095 0.470 0.642** –0.109

(0.268) (0.328) (1.591) (2.204) (0.377)
Sale western United States 0.725*** 0.062 0.382 0.295 0.025

(2.590) (0.220) (1.334) (1.036) (0.087)
Puerto Rico –0.864* 0.076 –0.274 0.661 –0.329

(1.955) (0.170) (0.638) (1.395) (0.708)

Occupation
Golf course superintendent 0.305 0.199 –0.563*** –0.244 0.037

(1.507) (0.976) (2.736) (1.194) (0.182)
Sports turf manager 0.175 –0.082 –0.193 –0.223 0.243

(0.698) (0.330) (0.763) (0.880) (0.975)
Parks/grounds manager –0.113 –0.081 –0.337 –0.057 –0.227

(0.433) (0.313) (1.286) (0.217) (0.873)
Lawn care operator 0.637** 0.329 0.117 0.248 0.390

(2.312) (1.208) (0.418) (0.894) (1.435)
Landscape management 0.198 –0.118 –0.536** –0.293 –0.135

(0.766) (0.452) (2.046) (1.122) (0.517)
Sod production 0.232 –0.119 0.539 0.466 0.068

(0.687) (0.360) (1.609) (1.391) (0.209)
Research-public 0.494* 0.900*** 0.925*** 0.956*** 0.224

(1.925) (3.436) (3.356) (3.575) (0.880)
Research-private 0.776*** 1.092*** 0.740*** 0.769*** 0.837***

(2.981) (4.070) (2.731) (2.801) (3.215)
Extension service 0.484* 0.106 0.769*** 0.286 –0.047

(1.812) (0.396) (2.708) (1.057) (0.179)
Seed sales/supplier/seed broker –0.151 0.172 –0.278 0.103 0.177

(0.616) (0.692) (1.121) (0.413) (0.719)
Plant protectant sales 0.231 0.403 0.415 0.681* 0.344

(0.613) (1.083) (1.106) (1.812) (0.928)
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with breeders, but they also would like
turfgrass data to be applied in specific
seeding projects, such as finding places
to purchase seeds of a particular culti-
var, finding cultivars that perform well
under stressed environmental condi-
tions, and finding if a mixture could be
recommended for a specific location/
purpose/condition.

Lawn care operators had similar
needs as sod producers. They needed
information on both the cultivars and
the site characteristics to find the best
cultivars for specific site conditions,
together with information on endo-
phyte infection. Seed sales, suppliers,
and seed brokers cared less about
general information or images of turf
cultivar, and as discussed earlier, they
did not value information on the
availability of turf cultivars in the
market. Managers (golf course super-
intendents, sports turf managers,
park/ground managers, landscape
managers, and property managers),
on the other hand, rated the informa-
tion from the NTEP database as less
useful.

Conclusions
The results in this study can be

useful for developing a new turfgrass
cultivar performance database and
will benefit turfgrass consumers, re-
searchers, breeders, and growers, as
well as distributors by providingmore
convenient and useful information for

different end users. The findings sug-
gest that turfgrass consumers need
the new database to provide informa-
tion on identifying turfgrass options
that are resource efficient and endo-
phyte resistant. Turfgrass breeders,
researchers, and extension specialists
would use the new turfgrass cultivar
performance database to compare dif-
ferent turfgrasses cultivars to do fur-
ther analysis.

Although most of our respon-
dents have heard of the NTEP data,
the frequency with which they visit
the NTEP website is quite low, in-
dicating that the NTEP website is in
fact underused. Half of the respon-
dents we surveyed wanted the NTEP
data delivered to the public in a better
format. Therefore, developing a new
turfgrass database in a user-friendly
format, perhaps as a web-form or
using a map-based interface, could
help users from multiple parties to
get more accurate turfgrass knowl-
edge as conveniently as they need.

The most in need features of the
new turfgrass database include infor-
mation to identify environmental
stress tolerant cultivars and to find
best-adapted turfgrass seeds for dif-
ferent projects. The information on
turfgrass mixtures and blends is also
important. Turfgrass seeds con-
sumers, such as lawn care operators,
sod producers, and homeowners, all
find these features important. As Yue

et al. (2017a) suggested, trust plays
an essential role in the use of product
information, but turfgrass consumers
think most of the Internet sources are
not trustworthy. Developing a new
database and providing networks be-
tween the third-party authorities can
make existing databases more use-
ful and trustworthy for consumers.
Therefore, providing analyzed data
on evaluations and recommendations
of certain cultivars under localized
environmental conditions can help
consumers to make better seed
purchasing decisions. With the avail-
ability of more map-based turfgrass
data, consumers can use their location
to get the needed environmental in-
formation and identify the best-suited
cultivars for their lawn.

At the same time, the new data-
base can provide a platform for turf-
grass researchers, extension personnel,
and breeders to interact with stake-
holders. Although consumers can get
valuable information about specific
cultivars when purchasing grass seed,
researchers and breeders can get feed-
back from turfgrass consumers, which
motivate them to develop turfgrass
cultivars with traits more suitable for
market needs.

In conclusion, this study pro-
vides insights on how to develop
a turfgrass database by investigating
the usages and needs from end users
of the current NTEP data. With users

Table 6. (Continued) Estimation results from a system of ordered probit models for different features of a modern relational
turfgrass cultivar performance database management system regressed on respondents’ demographics, occupations, and
familiarity of online data source.

Variable Feature 12z Feature 13 Feature 14 Feature 15 Feature 16

Sales –0.460 –0.153 –0.173 –0.167 0.151
(1.470) (0.490) (0.552) (0.528) (0.492)

Lawn and garden supply –0.526 –0.311 –0.214 –0.739 –0.317
(1.103) (0.635) (0.438) (1.502) (0.631)

Homeowner 0.457* 0.286 0.297 0.196 0.498*
(1.761) (1.117) (1.118) (0.749) (1.926)

Turfgrass breeder 0.514 0.306 0.113 0.460 0.430
(1.518) (0.903) (0.327) (1.309) (1.301)

Property manager –0.183 –0.455 –0.086 –0.162 –0.263
(0.570) (1.386) (0.262) (0.497) (0.795)

City or county administrator 0.358 0.566 1.002 –0.064 –0.276
(0.481) (0.756) (1.338) (0.085) (0.365)

Local/county/state purchasing/
specification development

0.164 –0.069 0.182 0.440 0.304

(0.239) (0.103) (0.258) (0.627) (0.437)
N 303 302 302 303 300
zThe dependent variables are the features summarized in Table 2: Feature 12 = find endophyte infection information of tested cultivars; Feature 13 = conduct simple statistics
(e.g., mean separation, t test); Feature 14 = find cultivar data tomake recommendations to stakeholders; Feature 15 = find the experimental name under which a named cultivar
was originally tested; Feature 16 = compare differences in average seed size within and between species.
yAbsolute t statistics in parentheses: *** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level.
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from different occupations desiring
different features, programmers can
develop the new database step by
step, focusing on the most essential
features first, and extend to fulfill the
needs of all user groups. With grow-
ing needs for turfgrass knowledge
among consumers, providing con-
sumers with accurate evaluations of
the adaptability of different cultivars
can help consumers make better
choices, and benefit society by im-
proving turf quality with fewer inputs.
The new relational management
system database can simplify con-
sumer queries on the NTEP data
and provide useful information that
can result in more sustainable home
and public landscapes. An increase in
consumer use of turfgrass perfor-
mance data also can provide informa-
tion for breeders to focus on
developing turfgrasses with improved
traits that better align with consumer
preferences; for example, consumers
in temperate climates have shown
a desire for lower-input traits (Yue
et al., 2017b), but the demand for
these traits has not translated into
greater low-input turfgrass sales. In
the future, a functional database will
help turfgrass consumers to better
judge which cultivar(s) to use for
seeding and renovation projects,
thereby increasing the use of im-
proved, low-input turfgrass cultivars.
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