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Abstract. Slow growth and establishment rate has become a major limitation to the
increased use of zoysiagrass (Zoysia spp.) as a turfgrass surface. Two separate field
studies were conducted to evaluate the effect of genotype, planting date, and plug spacing
on zoysiagrass establishment. Field experiments were conducted in 2007 and 2008 to
quantify the establishment rate of six zoysiagrass genotypes from vegetative plugs.
‘Meyer’ exhibited the largest plug diameter (22 cm) 6 weeks after planting (WAP). In
contrast, ‘Diamond’ exhibited the smallest plug diameter (13 cm) 6 WAP. A similar trend
was observed 12 WAP. ‘Meyer’, ‘Zorro’, and ‘Shadow Turf’ exhibited the largest plug
diameters (60, 58, and 57 cm, respectively) 12 WAP. In contrast, ‘Emerald’ and ‘Diamond’
exhibited the smallest plug diameters (41 and 40 cm, respectively) 12 WAP. Although
statistically different, all zoysiagrass genotypes reached similar establishment 18 WAP
indicating that plugging these genotypes in a comparable environment and using
techniques described in this research may result in analogous long-term (18 weeks)
establishment. Field experiments were conducted in 2006 and 2007 to determine the
optimum planting date and plug spacing of ‘Shadow Turf’ zoysiagrass. ‘Shadow Turf’
zoysiagrass plugs planted on 28 July 2006 (11% to 65% cover) and 14 June 2007 (5% to
39% cover) exhibited the greatest increase in turfgrass cover 6 WAP, except for plugs
planted 15.2 cm apart on 26 May 2006 (74% cover). Zoysiagrass cover was greatest for
plugs planted on 26 May 2006 (63% to 100%) and 17 May 2007 (46% to 97%) 16 WAP
regardless of plug spacing. These planting dates corresponded to the highest accumulative
growing degree-days (GDD) experienced by all planting dates in both years. Plugs planted
on 15.2-cm centers exhibited the greatest zoysiagrass cover 6 and 16 WAP regardless of
planting date. Using late spring/early summer planting dates and 15.2- to 30.5-cm plug
spacings may result in the quickest turfgrass cover when establishing ‘Shadow Turf’
zoysiagrass from plugs.

Zoysiagrass (Zoysia spp.) is a warm-season,
perennial turfgrass native to parts of China,
Japan, and Korea (Engelke and Anderson,
2003). It is adapted throughout the southern
region of the United States to the northern
transition zone. Zoysiagrass forms a dense,
uniform turf through the production and spread
of rhizomes and stolons (Turgeon, 2008). It is
predominantly used on golf courses, athletic
fields, home lawns, and commercial landscapes. Adaptation to a wide range of environmental conditions has further led to an
increase in zoysiagrass popularity. Zoysiagrass
tolerates reduced light intensity (Barrios et al.,

Received for publication 21 July 2009. Accepted
for publication 11 Mar. 2011.
Texas Tech University manuscript no. T-4-604.
We acknowledge the cooperation of Justin Weeaks,
Dr. Michael Maurer, Steve Oswalt, Nick Sanford,
and Aaron Holbrook for their technical assistance
on this project. Appreciation is also extended to
Mark Ivey for providing ‘Shadow Turf’ and ‘Meyer’
zoysiagrass gsermplasm. Additional thanks are extended to Dr. Milt Engelke for providing DALZ
0501, ‘Diamond’, ‘Zorro’, and ‘Emerald’ zoysiagrass
germplasm.
1
To whom reprint requests should be addressed;
e-mail gerald.henry@ttu.edu.

1194

1986; Morton et al., 1991; Qian and Engelke,
1999a), moderate salinity (Marcum et al., 1998;
Qian et al., 2000), moderate drought conditions
(Qian and Engelke, 1999b; White et al., 2001),
and exposure to low temperatures (Patton and
Reicher, 2007; Patton et al., 2007a, 2007b;
Warmund et al., 1998). However, slow growth
and establishment rate has become a major
limitation to the increased use of zoysiagrass.
Zoysiagrass establishment by plugs or sprigs
can take up to 2 years, or longer, to reach
complete coverage (Hume and Freyre, 1950;
Sifers et al., 1992a, 1992b). Delayed establishment may increase plant desiccation
(Richardson and Boyd, 2001), weed encroachment (Harivandi et al., 1995), and maintenance costs during establishment (Henry et al.,
1988).
Zoysiagrass species and cultivar selection
may impact establishment rate and turfgrass
cover after one growing season (Forbes and
Ferguson, 1947; Henry et al., 1988; Patton
et al., 2007c; Sifers et al., 1992a, 1992b).
Faster establishment rates have been observed
for Z. japonica cultivars than for Z. matrella
cultivars (Forbes and Ferguson, 1947; Patton
et al., 2007c). Planting date may also impact
zoysiagrass establishment rate. Patton et al.
(2004) reported optimum establishment time

of zoysiagrass from seed was from 1 to 15
June. Establishment of ‘El Toro’ zoysiagrass
planted from sprigs and plugs during early
summer took 3 to 4 months to establish,
whereas those planted in fall and spring took
9 and 11 months, respectively (Henry et al.,
1988). Planting zoysiagrass plugs during early
summer may optimize exposure to warm
temperatures favorable for growth and establishment. Beard (1973) suggested spacing
zoysiagrass plugs between 15.2 and 40.6 cm
on center; however, minimal research has been
conducted to determine the optimum zoysiagrass plug spacing to achieve adequate turf
cover (85% or greater) at the end of a single
growing season.
The measurement of accumulated GDD
has been used to monitor growth and phonological stages in apricot (Prunus armeniaca
L.) and peach (P. persica L.) (Valentini et al.,
2004), sour cherry (P. cerasus L.) (Zavalloni
et al., 2006), annual bluegrass (Poa annua L.)
(Danneberger and Vargas, 1984) as well as
many warm-season grasses (Madakadze et al.,
1998). Modeling the relationship of plant
growth to temperature may be achieved by
calculating GDD. The model is applied by
subtracting a base temperature from the daily
mean air temperature to obtain a GDD value
for each day. Daily GDD values are summed
to obtain the relative number of GDD that have
accumulated over a given time period. Previous research determined the use of a 5 C
base temperature for calculating the accumulation of GDD for Zoysia spp. (Patton et al.,
2004; Unruh et al., 1996). The use of accumulated GDD may increase the understanding
of the relationship between zoysiagrass growth
and planting date.
Selecting zoysiagrass genotypes with improved establishment rates may reduce the
time required to reach adequate (85% or greater)
turfgrass cover. Use of late spring to early
summer planting dates and determination of
optimum plug spacing may enhance zoysiagrass establishment and reduce maintenance
costs. Therefore, the objectives of our research
were to quantify the establishment rate of six
zoysiagrass genotypes established from plugs
and determine the optimum planting date and
plug spacing of ‘Shadow Turf’ zoysiagrass to
achieve adequate turf cover (greater than 85%).
Materials and Methods
Rate of spread trial. Experiments were
conducted in 2007 and 2008 at the Texas Tech
Turfgrass Research Station in Lubbock, TX,
on a Brownfield sandy clay loam (loamy,
mixed, superactive, thermic Arenic Aridic
Paleustalfs) with a pH of 8.2. Plugs measuring
10 cm in diameter of six zoysiagrass genotypes ½Z. japonica genotype (‘Meyer’); Z.
matrella genotypes (‘Shadow Turf’, ‘Diamond’, ‘DALZ 0501’, and ‘Zorro’); Z. japonica · Z. pacifica genotype (‘Emerald’) were
vegetatively propagated in the greenhouse by
planting three stolons with three nodes each
in potting medium containing 55% bark, 20%
Canadian sphagnum peatmoss, 10% perlite,
15% vermiculite, dolomitic lime, gypsum, and
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a wetting agent (Sun Gro Horticulture, Vancouver, British Columbia, Canada). Zoysiagrass genotypes were selected to represent
a wide variety of growth rates and habits
(‘DALZ 0501’, ‘Diamond’, ‘Zorro’, and ‘Emerald’ were provided by Dr. Milt Engelke;
‘Shadow Turf’ and ‘Meyer’ were provided by
Mark Ivey). Plugs were irrigated frequently to
encourage rooting of zoysiagrass stolons and
then as needed to prevent wilting and encourage growth. Plugs were fertilized (21N–3.5P–
14.9K) (The Scotts Company, Marysville,
OH) every 2 weeks at a rate of 24.4 kgha–1
nitrogen (N) to encourage establishment.
Plugs were grown in the greenhouse for 8
weeks until reaching 100% cover. The research area was cultivated in two directions
with a tractor-mounted rototiller to a depth of
10.2 cm before plug transplant. Nine plugs (10
cm in diameter) of each genotype were transplanted 30.5 cm apart in 1 m · 1-m plots on
15 May 2007 and 5 May 2008. Plots were
arranged in a randomized complete block
design with four replications of genotypes.
Fertilizer (16N–10.5P–9.9K) (The Andersons,
Inc., Maumee, OH) was applied at the time of
transplant at a rate of 24.4 kgha–1 N. Monthly
applications of fertilizer (16N–10.5P–9.9K)
(The Andersons, Inc.) were made throughout
the duration of the study at a rate of 24.4
kgha–1 N. Plants were mowed twice weekly
and maintained at a height of 1.9 cm with a
walk-behind reel mower (Toro Greensmaster
1600; The Toro Company, Bloomington, MN).
Irrigation was applied as a supplement to
rainfall at a rate of 2.5 to 3.0 cm/week. Plots
were maintained weed free by hand-weeding
and through spot applications of glyphosate
(0.28 kgha–1) with a handheld pump sprayer
(Solo, Newport News, VA) to reduce the effects
of weed competition.
Lateral plant diameters were recorded at
the beginning of each study and every 2 weeks
thereafter for a total of 4 months. Two diameter measurements were taken perpendicular to each other (the first measurement was
taken in the largest diameter) and averaged to
obtain the reported diameter of each plant at
each sampling time. Maximum plug diameter
(61 cm) was obtained when plugs grew to the
center of an adjacent plug. Data from three
plugs (lower left, middle center, and upper
right) were averaged to give estimates for each
plot.
Data were subjected to analysis of variance (ANOVA) using the PROC GLM procedure provided by SAS (SAS 9.2 software;
SAS Institute Inc., Cary, NC) and means
were separated using Fisher’s protected least
significant difference (LSD) test at the 0.05 P
level. Data were pooled across years to test
for significant year interactions. The arcsine
square root transformations of plant diameter
and percent zoysiagrass cover data were also
subject to ANOVA but were not different
from non-transformed data; therefore, nontransformed data are presented.
Plug spacing and planting date trial.
Experiments were conducted in 2006 and
2007 at the Texas Tech Turfgrass Research
Station in Lubbock, TX, on a Brownfield
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sandy clay loam (loamy, mixed, superactive,
thermic Arenic Aridic Paleustalfs). Plugs measuring 2.5 cm in diameter of the Z. matrella
genotype ‘Shadow Turf’ were vegetatively
propagated in the greenhouse in potting medium containing 55% bark, 20% Canadian
sphagnum peatmoss, 10% perlite, 15% vermiculite, dolomitic lime, gypsum, and a wetting agent (Sun Gro Horticulture). Plugs were
propagated and maintained using the same
techniques described in the previous trial. A
3 · 6 factorial arranged in a split-plot design
with four replications was used to evaluate
planting date (main plot) and plug spacing
(subplot within planting date). The six plug
spacings were 15.2, 22.9, 30.5, 38.1, 45.7, and
61.0 cm. Experimental plots were cultivated in
two directions with a tractor-mounted rototiller
to a depth of 10.2 cm before plug transplant.
Plugs were transplanted into 1 m · 1-m plots
on 26 May 2006 and 17 May 2007; 20 June
2006 and 14 June 2007; and 28 July 2006 and
13 July 2007. Fertilizer (16N–10.5P–9.9K)
(The Andersons, Inc.) was applied at time of
transplant at a rate of 24.4 kgha–1 N. Fertilizer
(16N–10.5P–9.9K) (The Andersons, Inc.) applications were made every 2 weeks throughout the duration of the study at a rate of 24.4
kgha–1 N. Plants were mowed twice weekly
and maintained at a height of 1.9 cm with a
walk-behind reel mower (Toro Greensmaster
1600; The Toro Company). Irrigation was applied as a supplement to rainfall at a rate of 2.5
to 3.0 cm/week. Plots were maintained weed
free by hand-weeding and through spot applications of glyphosate (0.28 kgha–1) with a
handheld pump sprayer (Solo) to reduce the
effects of weed competition.
Percent zoysiagrass cover was visually estimated for each plot every 2 weeks for the
duration of the experiment on a scale of 0%
(no cover) to 100% (complete turfgrass cover).
Although turfgrass cover was further quantified using digital image analysis, visual ratings
are presented. Maximum turfgrass cover was
obtained when plug cover approached 100%
(12 and 14 WAP).
GDD values were calculated by subtracting
the base growth temperature of zoysiagrass
(5 C) from the daily mean air temperature.
Daily GDDs were summed to obtain a GDD
value for the 6 and 16 WAP time periods for
each respective planting date. Mean air temperature was based on weather data collected
from a weather station located at the Texas
Tech Turfgrass Research Station. The weather
station was located in an irrigated tall fescue
(Festuca arundinacea Schreb.) research field
maintained at a height of 7.6 cm.
Data were subjected to ANOVA using
error partitioning appropriate to a split-plot
analysis in the general linear models procedure (PROC GLM) provided by SAS. Data
were pooled across years to test for significant
year interactions. The arcsine square root transformations of percent zoysiagrass cover data
were also subjected to ANOVA but were not
different from non-transformed data; therefore,
non-transformed data are presented. Means
were separated using Fisher’s protected LSD
test at the 0.05 P level.

TURF MANAGEMENT
Results

Rate of spread trial. Analysis of variance
revealed an insignificant genotype-by-year
interaction (P = 0.4896); therefore, data for
2007 and 2008 were pooled and are presented
together. A significant genotype effect (P <
0.0001) was observed for all data.
Zoysiagrass establishment was slow
(36% cover or less) regardless of genotype
at 6 WAP. Meyer exhibited the largest plug
diameter 6 WAP (22 cm) (Table 1). Plug
diameters of the remaining zoysiagrass genotypes ranged from 13 to 19 cm 6 WAP
with ‘Diamond’ (13 cm) exhibiting the least
amount of growth.
A similar trend in zoysiagrass growth and
establishment was observed 12 WAP. ‘Meyer’
continued to exhibit the largest plug diameter
12 WAP (60 cm) (Table 1). Significant statistical and biological differences were observed
among the remaining zoysiagrass genotypes.
‘Zorro’ and ‘Shadow Turf’ exhibited excellent
growth (94% cover) 12 WAP (58 and 57 cm,
respectively), whereas ‘DALZ 0501’ displayed
moderate growth (85% cover) 12 WAP (51 cm).
‘Emerald’ and ‘Diamond’ exhibited the least
amount of growth 12 WAP with plug diameters of 41 and 40 cm, respectively (Table 1).
Although significant statistical differences in zoysiagrass growth and establishment were observed 18 WAP, biological
differences were minimal. All zoysiagrass
genotypes exhibited similar plug diameters
(53 to 60 cm), which correlated to similar
turfgrass coverage (87% or greater) 18 WAP
(Table 1).
Plug spacing and planting date trial.
Analysis of variance revealed a significant
planting date–by-year (P < 0.0001) interaction; therefore, data for 2006 and 2007 are
presented separately. Significant main plot
effects of planting date (P < 0.0001) and
subplot effects of plug spacing (P < 0.0001)
were observed for all data in 2006 and 2007.
A significant planting date–by-plug spacing
(P < 0.0001) interaction was also observed in
both years.
Table 1. Mean plug diameter (cm) of 6 zoysiagrass
genotypes evaluated for rate of spread 6,12,
and 18 WAPz in 2007 and 2008 at Lubbock,
TX.
Plug diamy
6 WAP
12 WAP
18 WAP
----------------- cm ----------------Genotypex
Meyer
22 aw
60 a
60 a
Shadow Turf
19 b
57 b
59 a
Zorro
18 b
58 ab
59 a
DALZ 0501
18 b
51 c
57 b
Emerald
16 c
41 d
54 c
Diamond
13 d
40 d
53 c
z
WAP = weeks after planting.
y
Maximum plug diameter was achieved when
plugs measured 61 cm.
x
Z. japonica genotype (Meyer); Z. matrella genotypes
(Shadow Turf, Zorro, DALZ 0501, and Diamond);
Z. japonica · Z. pacifica genotype (Emerald).
w
Means within a column followed by the same
lower case letter are not significantly different at
P # 0.05 according to Fisher’s protected least
significant difference test.
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Percent zoysiagrass cover exhibited a
linear response to plug spacing 6 WAP. The
closer the plug spacing, the greater the zoysiagrass cover regardless of planting date and
year. In 2006, zoysiagrass plugs spaced 15.2 cm
apart and planted on 26 May exhibited the
largest growth (74% cover) 6 WAP followed
by 28 July (65% cover) and 20 June (58%
cover) (Table 2). Plugs planted on 28 July
exhibited the largest growth (11% to 46%
cover) 6 WAP for the remainder of the plug
spacings. In 2007, zoysiagrass plugs spaced
15.2 cm apart and planted on 14 June exhibited the largest growth (39% cover) 6 WAP
followed by 17 May (38% cover) and 13 July
(35% cover) (Table 2). Plugs planted on 14
June exhibited the largest growth (15% to 23%
cover) 6 WAP for the remainder of the plug
spacings.
Percent zoysiagrass cover exhibited a
linear response to plug spacing 16 WAP. The
closer the plug spacing, the greater the zoysiagrass cover regardless of planting date and
year. Zoysiagrass plugs spaced 15.2 cm apart
exhibited 84% to 100% cover 16 WAP regardless of planting date and year. Plugs spaced
15.2 cm apart and planted on 26 May 2006 and
20 June 2006 reached 100% cover 12 and 14
WAP, respectively. In 2006, percent zoysiagrass cover was greatest for plugs planted on 26

May (63% to 100%) followed by 20 June (55%
to 100%) and 28 July (20% to 84%) regardless
of plug spacing (Table 3). In 2007, percent
zoysiagrass cover was greatest for plugs
planted on 14 June (54% to 95%), except for
plugs spaced 15.2 cm apart, which exhibited
the greatest percent zoysiagrass cover when
planted on 17 May (97%) (Table 3).
Differences in zoysiagrass establishment
from year to year may be explained by examining accumulated GDD. ‘Shadow Turf’
zoysiagrass plugs were exposed to greater
accumulative GDD in 2006 compared with
2007 6 WAP. In 2006, plugs planted on
26 May, 20 June, and 28 July were exposed
to 919, 940, and 848 accumulative GDDs,
respectively (Table 4). In contrast, plugs
planted on 17 May 2007, 14 June 2007, and
13 July 2007 were exposed to 726, 834, and
890 accumulative GDDs, respectively (Table
4). Conversely, plugs planted in 2007 were
exposed to greater GDDs than those planted
in 2006 16 WAP with the exception of those
planted in May. In 2006, plugs planted on 26
May, 20 June, and 28 July were exposed to
2358, 2171, and 1638 accumulative GDDs,
respectively (Table 4). In contrast, in 2007,
zoysiagrass plugs planted on 17 May, 14 June,
and 13 July were exposed to 2146, 2213, and
1989 GDDs, respectively (Table 4).

Table 2. Mean ‘Shadow Turf’ zoysiagrass cover (%) 6 WAPz as affected by planting date and plug spacing
in 2006 and 2007 at Lubbock, TX.
Zoysiagrass cover
6 WAP
6 WAP
2006 Planting Dates
2007 Planting Dates
26 May
20 June
28 July
17 May
14 June
13 July
Plug
------------------------------------------------ % -----------------------------------------------spacing (cm)
15.2
74 aAy
58 cA
65 bA
38 abA
39 aA
35 bA
22.9
43 dB
35 eB
46 dB
20 cB
23 cB
15 dB
30.5
28 fC
25 fgC
33 eC
11 eC
15 dC
10 eC
38.1
23 ghC
20 hC
25 fgD
9 eCD
15 dC
10 eC
45.7
10 jD
11 ijD
15 iE
5 fD
5 fD
5 fD
61.0
11 ijD
10 jD
11 ijE
5 fD
5 fD
5 fD
z
WAP = weeks after planting.
y
Means within columns of a specific planting year followed by the same lowercase letter are not
significantly different at P # 0.05 according to Fisher’s protected least significant difference (LSD) test.
Means within a column followed by the same uppercase letter are not significantly different at P # 0.05
according to Fisher’s protected LSD test.

Table 3. Mean ‘Shadow Turf’ zoysiagrass cover (%) 16 WAPz as affected by planting date and plug
spacing in 2006 and 2007 at Lubbock, TX.
Zoysiagrass cover
16 WAP
16 WAP
2006 Planting Dates
2007 Planting Dates
26 May
20 June
28 July
17 May
14 June
13 July
Plug
------------------------------------------------ % -----------------------------------------------spacing (cm)
15.2
100 aAy
100 aA
84 cA
97 aA
95 abA
90 bcA
22.9
99 aA
91 bB
73 dB
84 cdB
91 abA
71 efB
30.5
93 bB
84 cC
55 fC
71 efC
78 deB
58 gC
38.1
85 cC
73 dD
51 gD
69 fC
69 fB
44 hD
45.7
71 dD
58 fE
28 hE
46 hD
58 gC
24 iE
61.0
63 eE
55 fE
20 iF
46 hD
54 gC
23 iE
z
WAP = weeks after planting.
y
Means within columns of a specific planting year followed by the same lowercase letter are not
significantly different at P # 0.05 according to Fisher’s protected least significant difference (LSD) test.
Means within a column followed by the same uppercase letter are not significantly different at P # 0.05
according to Fisher’s protected LSD test.
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Discussion
Typically, Z. japonica genotypes exhibit
quicker establishment rates than Z. matrella
genotypes (Forbes and Ferguson, 1947). Henry
et al. (1988) reported 90% turfgrass cover of
the Z. japonica cultivar El Toro 12 WAP,
whereas a Z. matrella genotype required 8
months to reach similar coverage. In this
research, the Z. japonica genotype ‘Meyer’
exhibited the largest increase in plug diameter
(60 cm) regardless of evaluation date. Patton
et al. (2007c) observed greater coverage (2151
to 4142 cm2) 91 d after planting (DAP) with 13
Z. japonica genotypes. However, the Z. japonica genotype Meyer exhibited significantly
less coverage (1203 cm2) 91 DAP (Patton
et al., 2007c). Turfgrass cover for Z. matrella
genotypes ranged from 425 (‘Diamond’) to
1931 (‘Zorro’) cm2 91 DAP (Patton et al.,
2007c). Growth of ‘Zorro’ in this research was
observed to be statistically similar to Meyer
12 and 18 WAP. The Z. japonica · Z. pacifica
genotype ‘Emerald’ and the Z. matrella genotype ‘Diamond’ exhibited the smallest increase
in plug diameter with diameters ranging from
13 to 16 cm 12 WAP and 40 to 41 cm 18 WAP.
Slow establishment rates of ‘Emerald’ and
‘Diamond’ were also noted by Patton et al.
(2007c). Minimal research has been conducted
on the growth characteristics and establishment rates of the Z. matrella genotypes ‘Shadow
Turf’ and ‘DALZ 0501’. In this research, establishment rates of ‘Shadow Turf’ and ‘DALZ
0501’ were observed to be similar to that of
‘Zorro’.
Differences in the growth habit and dry
matter partitioning of zoysiagrass may impact establishment rate. Leaf area ratio
(LAR) and specific leaf area (SLA) are often
used to examine turfgrass growth. Patton
et al. (2007c) observed higher LAR and SLA
values for ‘Meyer’ and ‘Diamond’ but lower
crop growth rate (CGR) values. Increased
LAR and SLA values for these genotypes
may indicate greater leaf production but less
stem production. Greater allocation to leaf
production than stem production may explain the slower establishment rates.
Planting ‘Shadow Turf’ zoysiagrass plugs
in May resulted in the highest percent cover
at the end of the season in both years. However, initial establishment of plugs planted in
May was slower than plugs planted in June or
July. Patton et al. (2004) observed the greatest
turfgrass cover (91% to 100%) of ‘Zenith’

Table 4. Accumulative GDDz experienced by
‘Shadow Turf’ zoysiagrass plugs 6 and 16
WAPy in 2006 and 2007 at Lubbock, TX, at
a base temperature of 5 C.
Accumulative GDD (5 C base temp)
2006
2007
Planting 6 WAP 16 WAP 6 WAP 16 WAP
------------------- GDD ------------------date
May
919
2358
726
2146
June
940
2171
834
2213
July
848
1638
890
1989
z
GDD = growing degree-days.
y
WAP = weeks after planting.
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zoysiagrass when it was seeded 1 June 2000
and 2001. Turfgrass coverage of ‘Zenith’
zoysiagrass seeded on 15 July and 1 Aug.
ranged from 33% to 64% and 14% to 47%,
respectively (Patton et al., 2004). Similar
results were reported for buffalograss with
decreases in percent turfgrass cover resulting from late summer planting dates (Frank,
1996). Gatian-Gaitan et al. (1998) also observed
decreases in percent buffalograss [Buchloe
dactyloides (Nutt.) Engelm.] cover when it
was planted after 15 July.
The highest percent cover in the minimal
amount of time was observed for ‘Shadow
Turf’ zoysiagrass plugs planted at closer spacings. Plugs spaced on 15.2-cm centers resulted
in the greatest initial and season-ending zoysiagrass cover regardless of planting date. Establishing zoysiagrass from plugs at this spacing
is not always the most cost-efficient method
as a result of increased inputs per unit area.
Results indicate that wider plug spacings (22.9
to 38.1 cm) may still produce adequate turfgrass cover (greater than 85%) if planted at an
earlier planting date. ‘Shadow Turf’ zoysiagrass plugs planted 38.1 to 61.0 cm apart did
not reach adequate coverage regardless of
planting date and year, except when planted
on 26 May 2006. Planting plugs at these
spacings may not ensure adequate zoysiagrass
coverage at the end of one growing season.
Accumulation of GDD by zoysiagrass
plugs planted at various dates throughout the
growing season may explain observed differences in turfgrass cover between 2006 and
2007. Less GDD accumulated by plugs planted
in May, followed by increasing GDD accumulation may explain differences in initial and
long-term coverage (Table 4). Less zoysiagrass
cover was observed in 2007 compared with
2006 regardless of planting date. Air temperatures during the spring and summer were
considerably lower in 2007 than 2006. The
number of accumulated GDDs in 2007 was
lower than the GDDs accumulated in 2006.
Initial accumulated GDDs in 2006 ranged
from 848 to 919 6 WAP and 1638 to 2358 16
WAP, whereas accumulated GDDs in 2007
ranged from 726 to 890 6 WAP and 1989 to
2213 16 WAP (Table 4).
Although successful zoysiagrass plug
establishment was observed in this research
in both years, we must consider that success
may have been greater if zoysiagrass growth
was examined from sprigs. Hall et al. (1998)
observed quicker establishment of several
zoysiagrass genotypes from sprigs than plugs.
However, the partitioning of zoysiagrass
genotypes based on establishment rates were
similar for both vegetative propagation
methods (Hall et al., 1998). Thus, the rate of
establishment may have been greater for the
genotypes if this experiment used sprigging
instead of plugging; however, the genotypic
differences would likely have been similar.
Patton et al. (2007c) examined the growth
and establishment of 35 Zoysia spp. genotypes from vegetative plugs. Evaluation of
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more Z. japonica and Z. matrella genotypes
in this research may have provided additional
establishment rate comparisons and further
classification of ‘Shadow Turf’ and ‘DALZ
0501’ growth rates.
Results from this study suggest that selecting zoysiagrass genotypes with quicker establishment rates may reduce the amount of time
required for adequate (85% or greater) turfgrass cover. Late spring or early summer
planting dates may provide the greatest zoysiagrass cover when established from plugs.
Planting later in the summer may still be
possible, but zoysiagrass plugs require closer
spacing to reach adequate turfgrass coverage
by the end of the first growing season. Using
early planting date and 15.2 to 30.5-cm plug
spacings may result in the quickest turfgrass
cover when establishing zoysiagrass from
plugs. Selecting zoysiagrass genotypes with
faster short-term (6 to 12 weeks) establishment may be plausible; however, long-term
(18 weeks or greater) establishment and cover
were not dependent on genotype based on the
methods and observations of this research.
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