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ABSTRACT

Managing a mixture of zoysiagrass with tall fescue has been proposed in transitional
zone as a practical practice to combine the advantages of the two species and
compensate the limitations. To manage the mixture is a challenge because two species
are involved. The objective of this study was to determine if zoysiagrass/tall fescue
mixture can be maintained with proper mowing and fertilization under simulated sport
traffic at an acceptable quality level. Zoysiagrass was seeded in June and tall fescue
was overseeded in August 1996. In November 1996, zoysiagrass coverage was 62.36,
29.88, and 30.02% for 0, 50, and 100 Kg ha' N rates, respectively. At the same
time, zoysiagrass coverage was 23.53, 41.95, and 57.40% for the mowing heights of
6.5, 5.0, and 3.5 cm, respectively. Zoysiagrass and tall fescue coverage in July 1997
was showing the same trend as in the late season of 1996 although the differences
were not as big. There were significant interactions between N fertilization rates and
mowing heights. In November 1998, the zoysiagrass coverage was different among the
two tall fescue variety mixtures, 21.68, and 32.25% in ‘Arid’ and ‘Grasslands Garland’,
respectively. Zoysiagrass coverage was favored in lower mowing height, lower N rates,

*Corresponding author. E-mail : deying.li@ndsu.edu
Received : May 25, 2008, Revised : July 12, 2008, Accepted : Sep. 8. 2008



198 S=EiCiEts(X] M223 ®M2%E(2008)

and lower traffic. Interaction effects on zoysiagrass were found between tall fescue
variety and nitrogen rate, tall fescue variety and mowing height, and traffic and
nitrogen rate. Zoysiagrass shoot density was 7.42, 25.47, and 58.95% for mowing
heights of 6.5, 5, and 3.5 cm, respectively; and it was 47.27, 20.27, and 26.26% for N
rates of 0, 50, and 100 Kg ha’, respectively in 1998. The effects on zoysiagrass shoot
density from the interaction of N rate and tall fescue variety was significant in 1998.
Shoot density responded to the N rate, mowing height, and traffic differently from the
ground coverage, indicating that shoot and leaf growth have different adaptation
strategies.

Key words: tall fescue, zoysiagrass, athletic turf, mixture, overseed, N fertilization,
mowing height

INTRODUCTION

Zoysiagrass is used extensively in subtropical and transitional zones as lawn
grass or on athletic fields because of its high stress tolerances and low maintenance
requirements (Watson, 1989; Cockerham et al., 1994). Being a warm-season grass,
zoysiagrass has certain limitations such as winter hardness and green period. In a
transitional zone, where some cool-season and warm-season grasses meet their
southern and northern limits of adaptations, respectively (Turgeon, 1985), tall fescue
is also frequently used. Tall fescue can not tolerate extreme heat stresses and low
mowing height although it is among the most heat resistant species in cool-season
turf grasses. However, zoysiagrass and tall fescue has seasonal dynamics for their
active growth and quality performances and compensates each other on these
aspects. Common type zoysiagrass and turf type tall fescue also has similar leaf
textures making the mixture of the two species rather uniform. Razmjoo (1995)
attempted to extend the green period of manilagrass [Zoysia matrella (I.) Merr.] by
overseeding with cool-season grasses without success. Overseeding zoysiagrass with
perennial ryegrass (Lolium perenne), tall fescue, and Kentucky bluegrass (Poa
pratensis) for better winter color had acceptable results (Longer, 1999; Zhang et al.,
2008). Mixtures of zoysiagrass and tall fescue had been successfully maintained in
the National Mall of Washington DC (Brede, 1991).

When used as a monostand, fertilization rate for zoysiagrass at 49 to 98 kg
ha™ provided acceptable turf quality (Weston and Dunn, 1985; McCrimmon, 1998).

Fertilization time is also important for zoysiagrass and it is reported that fertilization
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in November with N could cause heavier winter injury and weed infestation (Dunn et
al., 1993). Dunn et al. (1995) further reported that maintenance of zoysiagrass with
only enough N to provide acceptable turfgrass density and color will give the best
root development in nonsandy soils.

Research shows that tall fescue quality was better at mowing heights of 5 to
8.8 c¢m, than lower mowing height (Voigt et al., 2001; Dernoeden et al., 1993). Tall
fescue does not tolerate very low mowing, but Ray et al. (2007) reported that overall
quality of 15 varieties were better with 5-cm mowing height than 7.5-cm mowing
height during the first year of establishment. Fertilization with N increased tall
fescue coverage and compensated the detrimental effect of mowing for monostand
(Hickey and Hume, 2003). A total N of 225 kg ha’ yr'1 in one, two, three, or six
applications did not show differences in tall fescue turf quality except that summer
applications had higher weed infestation (Burns, 1981).

Managing a mixture of zoysiagrass with tall fescue is a challenge because two
species are involved. Of the most important cultural practices that influence the
population balance of the mixture are mowing and fertilization, especially for athletic
turf use where the grasses are subjected to heavy traffic. A higher N rate is
expected to favor the more aggressive grasses and make the content of mixed turf
shift slowly (Engel, 1974). When zoysiagrass was mixed with Kentucky bluegrass,
nitrogen favored cool-season grasses especially in fall season, and low mowing height
favored higher percentage of zoysiagrass stand (Hawes, 1980). There have been
many turf type tall fescue varieties released since 1950s (Buckner and Bush, 1979).
Many of those varieties have different growth characteristics in terms of color,
responses to N and mowing. At AgResearch of New Zealand, a turf type tall fescue
cultivar ‘Grasslands Garland’ was released which has a dwarf growth habit, increased
winter growth, fine leaves, and a dense sward for use in extremes of temperature
and moisture (Rumball et al. 1991). Agronomic evaluations by the New Zealand
Sports Turf Institute (Walmsley 1993) showed ‘Grasslands Garland’ has a low
response to N and lighter green genetic color, and to be superior to many American
cultivars at the time of testing. However, not enough research have been done to
evaluate the effect of mowing height and N fertilizer combinations on zoysiagrass/tall
fescue mixture under sports field conditions. The goal of present study was to
determine if zoysiagrass/tall fescue mixture can be maintained with proper mowing

and fertilization under simulated sport traffic at an acceptable quality level.
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MATERIALS AND METHODS

Zoysiagrass ‘Sunrise’ (Jacklin Seed, ID USA) was planted from seeds at 150
Kg ha’ in June 1996. Tall fescue ‘Arid’ (Jacklin Seed, ID USA) and ‘Grasslands
Garland’ (Agresearch, New Zealand) was slit seeded into germinated zoysiagrass two
months later in August 1996 at a rate of 300 Kg ha™.

The soil was a sandy loam with 3% soil organic matter on average. Starter
fertilizer 10-30-10 was used at N rate of 25 Kg ha™. Fertilization treatment was
applied in May, July, and September in during the three years of study at N rate of
0, 50, and 100 Kg ha’ from urea (46-0-0). The turf was mowed weekly at mowing
heights of 6.5, 5.0, and 3.5 em. Irrigation was applied as needed to prevent water
stress. Traffic treatment was applied from May to September of 1997 and 1998 at
10, 5, and O passes per week using a 70-Kg wear roller with football cleats mounded
at 5 cm x 5 cm spacing. The roller has an oblong intersection shape, short radius of
20 cm and long radius of 40 cm, making the traffic a combination of impacting and
shearing when pulled by two persons (Li and Hunt, 1997).

The percentage ground cover was assessed via point analysis using a set of 5
needles at 5-cm spacing. The needles were able to be moved freely up with spring
loads after being pushed down. The ground cover identity was determined by the
first touch during the downwards travel of the needles. One hundred points were
measured in each plot. The shoot density of grasses was assessed by counting the
shoots in sod plugs which were sampled from each plot with a 10-cm dia. cup cutter.

Experimental design was a split-split plot design with three replications. The
traffic was designated as main plots, mowing as sub plots, and N levels as sub-sub

plots. Statistics was conducted with general linear model using SAS 9.1 software.

RESULTS AND DISCUSSION

In September 1996 zoysiagrass coverage was 43.49% in no nitrogen treatment,
significantly higher than that at higher nitrogen levels, while tall fescue coverage was
the opposite, higher coverage in high N treatments. This indicated that N favors tall -
fescue growth at establishment stage. Two tall fescue varieties were not statistically
different in coverage. However, ‘Grasslands Garland’ favors more zoysiagrass coverage
with 41.41%, comparing to 36.39% coverage in ‘Arid’ (Table 1). Bare areas, as the
third components of ground coverage, were not significantly different among different

levels of treatments as a result of combined effect of zoysiagrass and tall fescue.
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There were no significant interaction effects among variety, mowing height, and N
level during the establishment stage (Table 1).

In October 1996, zoysiagrass coverage was sill higher in low N fertilization
rates than in higher N rates with the coverage of 49.32, 38.99, and 36.86% for 0. 50,
and 100 Kg ha® N rates, respectively (Table 2). Mowing height started to show
significant effects on zoysiagrass coverage with low mowing heights favoring
zoysiagrass growth in the mixture. The zoysiagrass coverage was 28.48, 40.56, and
55.41% for mowing heights of 6.5, 5.0, and 3.5 cm, respectively. The effects of
mowing heights and N fertilization rates on two tall fescue varieties were opposite to
zoysiagrass, i.e. higher N and mowing height favored tall fescue growth (Table 2).

Table 1. Ground cover of zoysiagrass (Zoysia japonica Steud.), tall fescue (Fescuta arundinacea
Schreb), and bare areas as affected by two varieties of tall fescue, mowing heights,
and nitrogen levels in September 1996.

Zoysiagrass Tall Fescue Bare
Factor Level n Mean Std Devn Mean Std Dev Mean  Std Dev
%
Variety Arid 27 36.39 8.96 50.08 9.72 15.29 11.78
Grasslands 27 4141 757 4796 736 1279 495
Garland
Mowing Height6.5 cm 18 38.91 8.83 49.02 8.80 14.04 9.22
5 ecm 18 38.91 8.83 49.02 8.80 14.04 9.22
2.5 ecm 18 38.91 8.83 49.02 8.80 14.04 9.22
Nitrogen 0 kg ha 18 43.49 10.17 4451 8.81 14.82 3.34
50 kg ha' 18 35.18 5.66 50.62 8.45 16.10 10.48

100 kg ha™ 18 37.97 7.32 51.85 6.38 11.20 10.96
ANOVA of Zoysiagrass
Source DF Ss MS F P>F
Blocks 2 0.0398 0.0199 3.1800  0.0530
Variety 1 0.0401 0.0401 6.3900 0.0157
Mowing Height 2 0.0000  0.0000  0.0000  1.0000
Nitrogen 2 00764 0.0382 6.0900  0.0051
2
2
4

Variety * Mowing height 0.0000  0.0000  0.0000 1.0000
Variety * Nitrogen 0.0044  0.0022 0.3500 0.7061
Mowing Height * Nitrogen 0.0000  0.0000  0.0000  1.0000

Error 38 0.2382  0.0063

ANOVA of Tall Fescue

Source DF SS MS F P>F
Blocks 0.0678 0.0339 54400 0.0084
Variety 0.0080  0.0080 1.2900 0.2635

2
1
Mowing Height 2 0.0000  0.0000 0.0000  1.0000
Nitrogen 2 00724  0.0362. 5.8000 0.0063
Variety * Mowing height 2 0.0000 0.0000  0.0000  1.0000
Variety * Nitrogen 2 0.0104 0.0052 0.8300 0.4435
Mowing Height * Nitrogen 4 0.0000  0.0000  0.0000  1.0000
Error 38 0.2370  0.0062
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Table 2. Ground cover of zoysiagrass (Zoysia japonica Steud.), tall fescue (Fescuta arundinacea
Schreb), and bare areas as affected by two varieties of tall fescue, mowing heights,
and nitrogen levels in October 1996.

Zoysiagrass Tall Fescue Bare
Factor Level n Mean Std Devn. Mean Std Devn Mean Std Dev
%
Variety Arid 27 40.73 17.20 54.23 17.75 6.54 8.52
Crasslands o7 o0 1653 5349 1973 598 3.22
Garland
Mowing Height 6.5 cm 18 28.48 10.35 67.39 16.25 5.14 5.73
5 cm 18 40.56 10.75 54.84 10.39 5.10 475
2.5 cm 18 55.41 18.57 37.69 7.34 7.50 8.30
Nitrogen 0 kg ha' 18 49.32 15.79 46.22 15.88 5.63 4.27

50 kg ha’ 18 38.99 15.85 55.61 19.09 6.93 1 7.94
100 kg ha® 18 36.86 16.13 59.40 18.12 5.18 6.72
ANOVA of Zoysiagrass
Source DF SS MS F P>F
Blocks 2 0.0700 0.0350 3.3200 0.0468
Variety 1 0.0074 0.0074 0.7000  0.4065
Mowing Height 2 0.8063 0.4032 38.2400 <.0001
Nitrogen 2 0.1974  0.0987 9.3600  0.0005
2
2
4

Variety * Mowing height 0.0043 0.0021 0.2000 0.8171
Variety * Nitrogen 0.0107 00054 05100 0.6051
Mowing Height * Nitrogen 0.0048 0.0012 0.1100 0.9773

Error 38 0.4006  0.0105

ANOVA of Tall Fescue

Source DF SS MS F P>F
Blocks 0.0016 0.0008 0.0700 0.9310

2
Variety 1 0.0010 0.0010 0.0900 0.7614
Mowing Height 2 1.1251  0.5625 51.4700 <.0001
Nitrogen 2 0.2296  0.1148 10.5000 0.0002
Variety * Mowing height 2 0.0062 0.0031 0.2800 0.7542
Variety * Nitrogen 2 0.05630 0.0265 24200 0.1023
Mowing Height * Nitrogen 4 0.0218 0.0054 05000 0.7376
Error 38 04153 0.0109

The bare areas were not significant different among different treatments. There were
no significant interaction effects on the coverage.

By November 1996, zoysiagrass coverage was 62.36, 29.88, and 30.02% for O,
50, and 100 Kg ha’ N rates, respectively (Table 3). At the same time, zoysiagrass
coverage was 23.53, 41.95, and 57.40% for the mowing heights of 6.5, 5.0, and 3.5
cm, respectively (Table 3). Again, there were no significant interaction effects on the
zoysiagrass coverage. In general, high N and low mowing height favor tall fescue
growth at establishment stage during the fall of 1996.

Zoysiagrass and tall fescue coverage in July 1997 was showing the same trend

as in the late season of 1996 although the differences were not as big (Table 4).
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Table 3. Ground cover of zoysiagrass (Zoysia japonica Steud.), tall fescue (Fescuta arundinacea
Schreb), and bare areas as affected by two varieties of tall fescue, mowing heights,
and nitrogen levels in November 1996.

Zoysiagrass Tall Fescue Bare
Factor Level n Mean Std Devn Mean Std Devn. Mean Std Dev
%
Variety Arid 27 40.54 23.26 61.86 27.70 1.12 2.09
Grasslands o7 4993 9975 6293 3440 053 0.85
Garland
Mowing Height 6.5 cm 18 23.53 20.05 79.71 28.74 0.36 0.77
5 ¢m 18 41.95 26.77 61.40 27.35 0.40 0.67
2.5 cm 18 57.40 18.86 42.39 15.02 1.72 2.40
Nitrogen 0 kg ha’ 18 62.36 22.64 38.95 19.14 0.95 1.34

50 kg ha™ 18 290.88 18.44 72.20 27.05 1.01 2.02
100 kg ha' 18 30.02 20.21 72.73 27.58 0.51 1.42
ANOVA of Zoysiagrass
Source DF SS MS F P>F
Blocks 2 0.0978 0.0489 3.1300 0.0549
Variety 1 0.00562  0.0052 0.3400 0.5656
Mowing Height 2 1.2584  0.6292 40.3400 <.0001
Nitrogen 2 16359  0.8179 524400 <.0001
2
2
4

Variety * Mowing height 0.0689  0.0295 1.8900  0.1652
Variety * Nitrogen 0.0288 0.0144 09200 0.4054
Mowing Height * Nitrogen 0.1335  0.0334  2.1400  0.0948

Error 38 0.5927  0.0156

ANOVA of Tall Fescue

Source DF SS MS F P>F
Blocks 0.0974  0.0487  3.1400  0.0549

2
Variety 1 0.0025  0.0025 0.1600 0.6883
Mowing Height 2 21196 1.0698 68.2300 <.0001
Nitrogen 2 2.0221 10111 65.0900 <.0001
Variety * Mowing height 2 0.0673 0.0337 21700 0.1285
Variety * Nitrogen 2 0.0650 0.0325 2.0900 0.1374
Mowing Height * Nitrogen 4 0.2916  0.0729 46900 0.003b
Error 38  0.5902 0.0155

There were significant interactions between N fertilization rates and mowing heights
(Table 4). At low N rate, zoysiagrass coverage was higher in ‘Grasslands Garland’
mixture than in ‘Arid’ mixture, while at higher N rates, it was opposite (Fig. la).
Weed coverage showed a different trend, in ‘Grasslands Garland’ mixture, weed
coverage was the lowest in the 50, Kg ha' N rates while in ‘Arid’ mixture, weed
coverage was the highest in the 50 Kg ha® N rates (Fig. 1b). The weed coverage
might have been affected by the traffic treatment which was introduced in May,
1997. At medium level of traffic (5 passes week’), low nitrogen rate had the highest
weed infestation, while at low or high traffic levels, high N had the highest weed
infestation (Fig. 1c).



204 SRZCIES|X] M223 M2%E(2008)

Table 4. Ground cover of zoysiagrass (Zoysia japonica Steud.), tall fescue (Fescuta arundinacea
Schreb), weeds, and bare areas as affected by two varieties of tall fescue, mowing
heights, and nitrogen levels in July 1997.

Zoysiagrass Tall Fescue Weeds Bare
Factor Level n Mean Std Dev. Mean Std Dev. Mean Std Dev. Mean Std Dev
%
Variety Arid 81 4491 1663 5024 1906 04 1.51 3.58 5.10
Grasslands

o2}
et

Garland 43 1767 5019 2040 104 263 399 519

Mowing Height 6.5 cm 54 318 1530 6lL14 1872 080 1.89 242 3.32
5 ¢m 564 4597 1637 4919 1738 051 175 347 454
35 em 54 5232 1411 3950 1432 1.06 2.68 546 6.58

Nitrogen 0kg ha' b4 4180 1732 508 1981 067 1.91 3.69 510
50 kg ha™ 54 4543 1709 5054 1818 078 19 3.4 449
100 kg ha' 54 4663 1666 4596 2014 092 251 412 577

Traffic 10 passes week1 54 4281 1774 5050 2078 081 204 512 5.83
5 passes week 5 4563 1772 4948 2101 093 2.36 3.55 4N
0 passes week’ 54 4544 1582 5066 1723 063 204 2.68 4.27

ANOVA of Zoysiagrass

Source DF SS MS F P>F

Blocks 2 0153 00767 34400 0.0330

Variety 1 00046 00046 02100 0.6485

Traffic 2 00995 00498 22300 0.1086

Mowing Height 2 30164 15077 675700 <.0001

Nitrogen 2 02547 01274 57100 0.0036

Variety * Mowing Height 2 00529 00264 1.1800 0.3069

Variety * Nitrogen 2 03337 01669 74800 0.0006

Mowing Height * Nitrogen 4 00616 00129 05800 0.6788

Traffic * Mowing Height 4 00352 0008 03900 08123

Traffic * Nitrogen 4 00472 00118 05300 0.7147

Traffic * Variety 2 01252 00626 28100 0.0615

Error 134 102190 0.0223

ANOVA of Tall Fescue

Source DF SS MS F PF

Blocks 2 01780 00890 33400 0.0363

Variety 1 00000 00000 00000 09702

Traffic 2 00179 00089 03400 0.7154

Mowing Height 2 51719 25859 97.0800 <.0001

Nitrogen 2 07072 03536 13.2800 <.0001

Variety * Mowing Height 2 00791 0039 14800 02278

Variety * Nitrogen 2 03™¢ 01897 7.1200 0.0009

Mowing Height * Nitrogen 4 00649 00162 06100 0.6562

Traffic * Mowing Height 4 00507 00127 04800 0.7537

Traffic * Nitrogen 4 01091 00273 1.0200 0.3944

Traffic * Variety 2 01574 00787 29500 0.0531

Error 134 12199 0.0266

ANOVA of Weeds

Source DF SS MS F PF

Blocks 2 00108 00054 126600 <.0001

Variety 1 00030 00030 7.0800 0.0081

Traffic 2 00008 00004 08900 0412

Mowing Height 2 00025 00013 29700 0.0524

Nitrogen 2 00005 00003 06200 05409

Variety * Mowing Height 2 00006 00003 06700 05126

Variety * Nitrogen 2 00032 00016 37500 0.0243

Mowing Height * Nitrogen 4 00019 00005 1.1100 0.3519

Traffic * Mowing Height 4 00021 00005 12100 03042

Traffic * Nitrogen 4 00047 00012 27700 0.0268

Traffic * Variety 2 00006 0.0003 0.7000 04987

Error 134 01945 0.0004
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(b) weeds as an effect of interactions between tall fescue (Fescuta
arundinacea Schreb) variety and nitrogen fertilization rate, and
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Table 5. Ground cover of zoysiagrass (Zoysia japonica Steud.), tall fescue (Fescuta arundinacea
Schreb), weeds, and bare areas as affected by two varieties of tall fescue, mowing
heights, and nitrogen levels in November 1997.

Zoysiagrass Tall Fescue Weeds Bare
Factor Level n Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev
%
Variety  Arid 81 5001 2446 5100 2569 0.19 08 206 365
Grasslands 81 4952 2587 5175 2798 035 196 215 397
) Garland
ﬁ;’ivgvﬁg 6.5 cm 54 3638 2285 6535 2657 011 046 145 3.34
5 cm 54 5254 2450 4884 2401 014 060 149 290
35 cm 54 5950 2069 3859 1982 056 251 3.36 466
Nitrogen 0 kg ha® 54 4758 9317 5393 2483 0.10 062 145 266
50 kg ha’ 54 5210 927.37 4994 2774 020 093 173 3.05
100 kg ha™ 54 4959 2461 5022 2775 051 238 313  5.07

Traffic 10 passes week 4406 2431 5616 2880 035 188 3.06 435
5 passes week' 54 4851 2473 5242 2615 028 166 211 416
0 passes week’ 5647 2450 4535 2403 0.17 0.82 1.14 2.38
ANOVA of Zoysiagrass

Qv Cn
LS =N

Source DF SS MS F P>F
Blocks 2 11650 0.5825 12.5600 <.0001
Variety 1 0.0038 0.0038 0.0800 0.7736
Traffic 2 1.7274 0.8637 18.6200 <.0001
Mowing Height 2 5.9398 29699 64.0200 <.0001
Nitrogen 2 02210 0.1105 2.3800 0.0935
Variety * Mowing Height 2 0.0074 0.0037 0.0800 0.9238
Variety * Nitrogen 2 0.5805 0.2902 6.2600 0.0021
Mowing Height * Nitrogen 4 0.0783 0.0196 0.4200 0.7928
Traffic * Mowing Height 4 0.1501 0.0375 0.8100 0.5200
Traffic * Nitrogen 4 0.1552 0.0388 0.8400 0.5027
Traffic * Variety 2 0.0822 0.0411 0.8900 0.4131
Error 134 21.2469 0.0464

ANOVA of Tall Fescue

Source DF SS MS F P>F
Blocks 2 14138 0.7069 14.0500 <.0001
Variety 1 0.0095 0.0095 0.1900 0.6647
Traffic 2 1.3147 0.6573 13.0600 <.0001
Mowing Height 2 82944 4.1472 82.4200 <.0001
Nitrogen 2 02199 0.1100 2.1900 0.1136
Variety * Mowing Height 2 0.0049 0.0024 0.0500 0.9527
Variety * Nitrogen 2 0.8028 0.4014 7.9800 0.0004
Mowing Height * Nitrogen 4 0.1394 0.0349 0.6900 0.5972
Traffic * Mowing Height 4 02377 0.0594 1.1800 0.3183
Traffic * Nitrogen 4 0.2808 0.0702 1.4000 0.2346
Traffic * Variety 2 0.0486 0.0243 0.4800 0.6170
Error 134 23.0449 0.0503

ANOVA of Weeds

Source DF SS MS F P>F
Blocks 0.0028 0.0014 6.4500 0.0017
Variety 0.0003 0.0003 1.3700 0.2418
Traffic 0.0003 0.0001 0.5700 0.5644
Mowing Height 0.0020 0.0010 4.6500 0.0101

2
1
2
2
Nitrogen 2 0.0015 0.0007 3.3700 0.0354
Variety * Mowing Height 2 0.0002 0.0001 0.4300 0.6506
Variety * Nitrogen 2 0.0027 0.0013 6.0600 0.0025
Mowing Height * Nitrogen 4 0.0006 0.0002 0.7000 0.5953
Traffic * Mowing Height 4 0.0007 0.0002 0.8300 0.5087
Traffic * Nitrogen 4 0.0005 0.0001 0.5500 0.6989
Traffic * Variety 2 0.0004 0.0002 0.9400 0.3932
Error 134 0.1005 0.0002
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The results of November 1997 were similar to that of July 1997 except the effect
of interactions on weed infestation was not significant (Table 6, Fig. 2). In November
1998, the zoysiagrass coverage was different among the two tall fescue variety mixtures,
21.68, and 8225% in ‘Arid and ‘Grass Garland’, respectively (Table 6). Zoysiagrass
coverage was favored in lower mowing height, lower N rates, and lower traffic, while
tall fescue favored by higher mowing height and medium level of N. Interaction effects
on zoysiagrass were found between tall fescue variety and nitrogen rate (Fig. 3a), tall
fescue variety and mowing height (Fig. 3b), and traffic and nitrogen rate (Fig. 3c).

The shoot density of zoysiagrass in the in November of 1996 was affected by
tall fescue variety, mowing height, and N fertilization rate. Zoysiagrass shoot density
was 10% higher in ‘Arid’ mixtures than in ‘Grasslands Garland’ mixtures (Table 7).
Zoysiagrass shoot density was 43.03, 41,41, and 33.80% for mowing heights of 6.5, 5,
and 3.5 cm, respectively; and it was 29.01, 43.05, and 45.93% for N rates of 0, 50,
and 100 Kg ha’, respectively in 1996 (Table 7). The effect of N rates on the shoot
density was opposite to the trend seen in zoysiagrass ground cover. The difference
might have resulted from different N responses of leaf growth and tiller growth
under mowed conditions. More defoliation stimulated N and carbohydrate movement
to leaves and less for tiller and root growth. Zoysiagrass shoot density was also in a
different trend for ground cover in two tall fescue mixtures, higher in ‘Arid’ and
lower in ‘Grasslands Garland’ (Table 1 and 7). This might be because of the
stronger tillering ability of ‘Grasslands Garland’ (Rumball et al. 1991). In November
of 1997, however, zoysiagrass shoot density was higher for lower mowing height and
lower N rates, contrary to the results from the year before (Table 8). The change of
zoysiagrass shoot density in the second year into the study might be related to the
maturity or introduction of traffic treatment. The shift of shoot population was
further shown from the results of 1998 where zoysiagrass shoot density was higher
in ‘Grasslands Garland’ mixture than in the ‘Arid. The relative shoot density in
1998 was reversed as affected by mowing height and N rate compared with the
results of 1997 (Table 9). Zoysiagrass shoot density was 7.42, 2547, and 58.95% for
mowing heights of 6.5, 5, and 3.5 c¢m, respectively; and it was 47.27, 20.27, and
26.26% for N rates of 0, 50, and 100 Kg ha’, respectively in 1998 (Table 7). The
effects on zoysiagrass shoot density from the interaction of N rate and tall fescue
variety was significant in 1998 (Fig. 4). The interactions between mowing height and
N rate, mowing height and traffic were not significant at 5% probability level, but
would be at 8% probability level (Table 9). The results indicated that over time, the
traffic, as well as N rate and mowing height would affect the population balance and

the dynamic of shoot densities of zoysiagrass and tall fescue in the mixture.
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Table 6. Ground cover of Zoysiagrass (Zoysia japonica Steud.), tall fescue (Fescuta
arundinacea Schreb), weeds, dead tissues, and bare areas as affected by two
varieties of tall fescue, mowing heights, and nitrogen levels in November 1998.

Zoysiagrass Tall Fescue Weeds  Dead Tissue Bare

Std Std Std Std Std

Factor Level n Mean Dev Mean Dev Mean Dev Mean Dev Mean Dev

%

Variety Arid 81 2168 1815 5252 1880 321 574 1548 1001 862 6.36
grasslands 81 3295 276 5148 2098 138 224 1141 846 597 528
arland

%I/Igig;g 6.5 cm 54 1182 1183 6196 1463 076 178 1762 781 873 582
5 em 54 92391 1881 5372 1794 221 39 1432 969 1737 624
35 em 54 44492 2238 3942 1768 391 600 837 848 579 559

Nitrogen 0 kg ha® 54 39.77 2736 4795 1986 094 169 790 674 606 637
50 kg ha’ 54 1802 1651 6023 1872 308 525 1244 730 7.64 542
100 kg ha’ 54 9281 1674 4742 1750 285 517 1995 983 820 601

Traffic 10 passes week! 54 2393 2153 5124 1868 230 406 1334 947 1090 747
5 passes week' 54 2565 2258 5346 1997 214 403 1354 1048 721 387
0 passes week’ 54 3139 2417 5128 2114 244 521 1346 852 378 342

ANOVA of Zoysiagrass

Source DF SS MS F  PF

Blocks 2 05607 02803 21.8300 <.0001

Variety 1 04885 0.4885 38.0300 <.0001

Traffic 2 01785 0.0893 69500 0.0013

Mowing Height 2 32371 16186 126.0200 <.0001

Nitrogen 2 15530 0.7765 60.4600 <.0001

Variety * Mowing Height 2 00937 0.0468 36500 0.0287

Variety * Nitrogen 2 04755 0.2378 185100 <.0001

Mowing Height * Nitrogen 4 0.1121 00280 2.1800 0.0743

Traffic * Mowing Height 4 00079 0.0020 0.1500 0.9613

Traffic * Nitrogen 4 01260 0.0315 24500 0.0490

Traffic * Variety 2 00266 00133 1.0300 0.3585

Error 134 17210 0.0128

ANOVA of Tall Fescue

Source DF SS MS F P>F

Blocks 0.3977 0.1988 95200 0.0001

Variety 0.0059 0.0059 0.2800 0.5944

Traffic 00241 00121 05800 0.5628

Mowing Height 1.9014 0.9507 455200 <.0001

Nitrogen 0.8033 0.4016 19.2300 <.0001

0.0507 0.0253 1.2100 0.3005
0.3275. 0.1638 7.8400 0.0006
0.0590 0.0147 0.7100 0.5892
0.0213 0.0053 0.2600 0.9061
0.0427 0.0107 05100 0.7276

Variety * Mowing Height
Variety * Nitrogen
Mowing Height * Nitrogen
Traffic * Mowing Height
Traffic * Nitrogen

Traffic * Variety 0.0109 0.0054 0.2600 0.7716
Error 2.7984 0.0209

ANOVA of Weeds

Source D SS MS F P>F
Blocks 0.0510 0.0255 17.4400 <.0001
Variety 0.0136 0.0136 9.2900 0.0028
Traffic 0.0002 0.0001 0.0800 09210
Mowing Height 0.0269 0.0134 9.1900 0.0002
Nitrogen 0.0149 0.0075 5.1000 0.0073

0.0011 0.0005 0.3600 0.6961
0.0035 0.0017 1.1800 0.3093
0.0049 0.0012 0.8300 0.5084
0.0045 0.0011 0.7800 0.5415
Traffic * Nitrogen 0.0011 0.0003 0.1800 0.9482
Traffic * Variety 0.0002 0.0001 0.0800 0.9264
Error 134 0.1959 0.0015

Variety * Mowing Height
Variety * Nitrogen
Mowing Height * Nitrogen
Traffic * Mowing Height

—
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ANOVA of Dead Tissue
Source DF 8S MS F PF

Blocks 2 00277 00139 3.1400 0.0463
Variety 1 0.0683 0.0683 15.4900 0.0001
Traffic 2 00001 0.0001 0.0100 0.9865
Mowing Height 2 02416 0.1208 27.3800 <.0001
Nitrogen 2 04088 02044 46.3300 <.0001
Variety * Mowing Height 2 0.0017 0.0008 0.1900 0.8258
Variety * Nitrogen 2 00079 00040 09000 0.4008
Mowing Height * Nitrogen 4 0.0247 00062 14000 0.2368
Traffic * Mowing Height 4 0.0117 0.0029 06800 0.6176
Traffic * Nitrogen 4 0.0453 0.0113 25700 0.0411
Traffic * Variety 2 00177 0.0088 2.0000 0.1388
Error 134 0.5911 0.0044
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Figure 2. Ground cover in 1997 (a) zoysiagrass (Zoysia japonica Steud.)
and (b) weeds, as an effect of interactions between tall fescue
(Fescuta arundinacea Schreb) variety and nitrogen fertilization
rate.
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Figure 3. Ground cover in 1997 (a) zoysiagrass (Zoysia japonica Steud.) as

an effect of interactions between tall fescue (Fescuta arundinacea
Schreb) variety and nitrogen fertilization rate, and (b) zoysiagrass

as affected by tall fescue variety and mowing height.
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Table 7. Shoot density of zoysiagrass (Zoysia joponica Steud.) and tall fescue (Fescuto arundinacea
Schreb) as affected by two varieties of tall fescue, mowing heights, and nitrogen levels in

Novermber 1996,
Zoysiagrass Tall Fescue
Factor Level n Mean Std Dev Mean Std Dev
%
Variety Arid 27 44.43 16.47 57.11 18.25
Crasslands 27 34.35 15.87 67.17 1827
Garland
Mowing
Height 6.5 cm 18 43.03 17.81 58.63 18.76
5 em 18 4141 16.562 60.12 18.48
25 em 18 33.80 15.64 67.80 19.25
Nitrogen 0 kg ha’ 18 29.01 10.10 71.74 13.36
50 kg ha™ 18 43.05 15.18 58.23 16.94
100 kg ha’ 18 4593 19,03 56.03 20.58
ANOVA of Zoysiagrass -
Source DF SS MS F P>F
Block 2 0.0896 0.0448 2.41 0.1032
Variety 1 0.1626 0.1626 8.75 0.0053
Mowing Height 2 0.1025 0.0513 2.76 0.0761
Nitrogen 2 0.3431 0.1715 9.23 0.0005
Variety * Mowing Height 2 0.0249 0.0125 0.67 0.5176
Variety * Nitrogen 2 0.0476 0.0238 1.28 0.2897
Mowing Height * Nitrogen 4 0.0587 0.0147 0.79 0.56394
Error 38 0.7061 0.0186
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Figure 4. Shoot density in 1998 of zoysiagrass (Zoysia
japonica Steud.) as an effect of interactions
between tall fescue (Fescuta arundinacea
Schreb) variety and nitrogen fertilization
rate.
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Table 8. Shoot density of zoysiagrass (Zoysia japonica Steud.) and tall fescue (Fescuta arundinacea
Schreb) as affected by two varieties of tall fescue, mowing heights, and nitrogen levels in

November 1997.
Zoysiagrass Tall Fescue
Factor Level n Mean Std Dev Mean Std Dev
%

Variety Arid 81 40.83 15.15 74.62 16.38

Grasslands 81 39.88 16.56 76.81 1653

arland
%I’I".Wlng 6.5 cm 54 28.24 1391 85.64 16.28
eight

5 cm 54 38.44 15.60 77.30 16.17

35 cm 54 53.58 16.79 61.75 15.01
Nitrogen 0 kg ha® 54 49.63 17.17 68.18 17.09

50 kg ha™ 54 39.12 14.93 75.43 15.82

100 kg ha™ 54 31.93 14.85 82.63 15.77
Traffic 10 passes week’ 54 38.27 15.97 79.16 17.17

5 passes week! 54 44,24 16.36 72.09 16.26

0 passes week’ 54 38.51 15.24 75.70 15.80
ANOVA of Zoysiagrass
Source DF SS MS F P>F
Block 2 11.9404 5.9702 28.84 <.0001
Variety 1 0.0131 0.0131 0.06 0.8014
Traffic 2 0.4465 0.2233 1.08 0.3409
Mowing Height 2 6.4183 3.2091 15.5 <.0001
Nitrogen 2 3.1026 1.5513 7.49 0.0006
Variety * Mowing Height 2 0.3169 0.1584 0.77 0.4657
Variety * Nitrogen 2 0.1161 0.0581 0.28 0.7555
Mowing Height * Nitrogen 4 1.3669 0.3417 1.65 0.1604
Traffic * Mowing Height 4 0.2119 0.0530 0.26 0.906
Traffic * Nitrogen 4 0.4753 0.1188 0.57 0.6816
Traffic * Variety 2 0.0898 0.0449 0.22 0.8051
Error 134 94.8015 0.2070

Table 9. Shoot density of zoysiagrass (Zoysia japonica Steud.) and tall fescue (Fescuta arundinacea
Schreb) as affected by two varieties of tall fescue, mowing heights, and nitrogen levels in

November 1998.
Zoysiagrass Tall Fescue
Factor Level n Mean Std Dev Mean Std Dev
%
Variety Arid 81 27.29 11.93 85.26 15.89
Grasslands 81 35.60 12.65 78.35 1691
Garland
Mowing g5 o 54 7.42 484 9752 10.63
Height
5 cm 54 2547 9.09 84.63 15.14
3.5 cm 54 58.95 13.56 50.15 11.97
Nitrogen 0 kg ha 54 47.27 14.25 64.96 14.82
50 kg ha’ 54 20.27 9.62 90.62 15.33
100 kg ha™ 54 26.26 10.80 86.27 16.47
Traffic 10 passes week’ 54 36.85 13.85 79.35 17.90
5 passes week 54 30.27 11.82 82.76 16.40

0 passes week’ 54 27.36 11.15 83.64 15.12
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ANOVA of Zoysiagrass

Source DF SS MS F P>F

Block 2 2.1159 1.0580 18.65 <,0001
Variety 1 0.3178 0.3178 5.6 0.0194
Traffic 2 0.2854 0.1427 2.52 0.0846
Mowing Height 2 8.6749 4.3375 76.47 <.0001
Nitrogen 2 2.4876 1.2438 21.93 <.0001
Variety * Mowing Height 2 0.1722 0.0861 1.52 0.2229
Variety * Nitrogen 2 0.3546 0.1773 3.13 0.0471
Mowing Height * Nitrogen 4 0.4840 0.1210 2.13 0.0801
Traffic * Mowing Height 4 0.4950 0.1238 2.18 0.0744
Traffic * Nitrogen 4 0.1434 0.0359 0.63 0.6405
Traffic * Variety 2 0.0174 0.0087 0.15 0.8581
Error 134 7.6011 0.0567

CONCLUSION

Mixing common zoysiagrass with tall fescue in the transitional zone is a
practical practice to use the advantages of both species. Choosing a tall fescue
variety is important for the initial mixture. Dwarf, denser, tall fescue varieties
seemed to mix with zoysiagrass better than those with less and bigger tillers.

Low mowing height and N rates favors zoysiagrass coverage especially during
the establishment stage. When sports traffics are involved, the coverage of
zoysiagrass in the mixture with tall fescue was not only affected by N rates and
mowing height, but also demonstrated interaction effects from tall fescue variety, N
rate, mowing height, and traffic levels. Therefore, managing the N rates and mowing
heights according to the varieties, traffic amount, and season is important.

Shoot density responded to the N rate, mowing height, and traffic differently
from the ground coverage, indicating that shoot and leaf growth have different
adaptation strategies. Thus turf managers have to asses not only the ground
coverage but also the shoot density because those two parameters are interacting in
a way that is not yet clear. More research is needed to study the photosynthesis,
carbohydrates allocation, and other physiological mechanisms of zoysiagrass and tall

fescue in a mixture and subjected to different management regimes.
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