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TRAFFICKED AND NON-TRAFFICKED TALL FESCUE PERFORMANCE AT
RUTGERS HORTICULTURAL RESEARCH FARM Il DURING 2017

Bradley S. Park, James A. Murphy, and Joseph B. Clark'’

The Rutgers Center for Turfgrass Science con-
tinues to assess the wear and traffic (wear and com-
paction) tolerance of existing tall fescue (Schedo-
norus arundinaceus [Schreb.] Dumort. syn. Festuca
arundinacea Schreb. syn. Lolium arundinaceum
[Schreb.] Darbysh.) cultivars and new experimental
selections due to the frequent establishment of this
species on sports fields and other recreational ar-
eas.

The Rutgers Wear Simulator (RWS) (Bonos et
al., 2001) and Cady Traffic Simulator (CTS) (Hen-
derson et al., 2005) are regularly used to impart traf-
fic stress damage to turf plots at Rutgers Horticultur-
al Research Farm II. A comparison of the damage
caused by modified versions of these machines was
recently reported (Park et al., 2016a).

Park et al. (2014, 2015, and 2016b) reported the
ongoing performance of entries in the 2012 National
Turfgrass Evaluation Program (NTEP) Tall Fescue
Test at the Rutgers Horticultural Research Farm Il
subjected to traffic stress imparted by the combined
operation of the CTS and RWS.

The objective of this study was to assess the
traffic tolerance of tall fescue cultivars and experi-
mental selections in the 2012 NTEP Tall Fescue
Test using a combination of the RWS and CTS dur-
ing spring, summer, and autumn of 2017.

MATERIALS AND METHODS
Evaluation Trial

The one-hundred-sixteen (116) entries of the
2012 Tall Fescue Trial were seeded into 5 x 6-ft plots
in September 2012 on a well-drained loam (sand
= 33%; silt = 41%; clay = 26%) at Rutgers Horti-
cultural Research Farm Il in North Brunswick, NJ.
Also included in the trial were the cultivar Mustang 4
and 3-way blends of Mustang 4 + Faith + Bullseye;
Rebel IV + Rebel Advance + Brockton; and Justice
+ Virtue Il + Greystone.

Soil test results from autumn 2015 indicated that
the soil pH was 6.4; soil phosphorous and potas-
sium were 121 and 408 pounds per acre (Mehlich
3), respectively. The test was mowed approximately
two times per week at a height of 2.5 inches and ir-
rigated to prevent drought stress.

A total of 3.0 Ib of nitrogen (N) per 1,000 ft> was
applied in 2016 (0.7, 0.6, and 0.6 Ib of N per 1,000
ft2 on 29 March, 15 June, and 31 August 2017, re-
spectively).

Crabgrass (Digitaria spp.) was controlled with
preemergence herbicide, and turfgrass diseases
including brown patch (caused by Rhizoctonia so-
lani) and Pythium spp. were controlled preventively

'Sports Turf Education and Research Coordinator, Extension Specialist in Turfgrass Management, and Turfgrass Research
Farm Supervisor, respectively, New Jersey Agricultural Experiment Station, School of Environmental and Biological
Sciences, Rutgers, The State University of New Jersey, New Brunswick, NJ 08901-8520.
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during summer 2017 to ensure that entries were re-
sponding primarily to traffic.

Application of Wear and Traffic Stresses

Traffic stress was applied to one-half of each
plot using a combination of wear from the RWS and
trampling by the CTS. In 2017, two passes of the
RWS and two passes of the CTS were made per
week for 8 weeks (32 total passes) during spring (11
April to 30 May), summer (26 June to 14 August),
and autumn (11 September to 30 October). The
RWS was operated at ground speed of 2.5 miles per
hour (mph) and 250 rpm for the paddles. The CTS,
developed using a turf cultivation unit (Toro Greens
Aerifier, The Toro Co., Bloomington, MN), was oper-
ated in the forward direction at a speed of 1.0 mph.
Every other pass of each machine was made in the
opposite direction.

Evaluation of the Effects of Traffic

Trafficked and non-trafficked plots were visually
assessed for uniformity of turf cover (1 to 9 scale,
where 9 = most complete turf cover) and fullness
of turfgrass canopy (FTC) (0 to 100% scale, where
100% = full canopy) at the conclusion of each sea-
sonal traffic period.

A digital camera (Canon PowerShot G12; Can-
on USA, Inc., Lake Success, NY) was positioned
within an enclosed box equipped with artificial light-
ing to capture digital images of trafficked and non-
trafficked plots at the conclusion of each seasonal
traffic period. Individual digital image size was 1600
x 1200 pixels and camera settings included a shut-
ter speed of 1/40 s, aperture of F2.8, ISO of 100,
and focal length of 7 mm.

Images were imported into SigmaScan Pro (v.
5.0, SPSS, Inc., Chicago, IL) for digital image anal-
ysis (DIA). Green cover (0 to 100% scale, where
100% = complete green cover) was determined
according to methods described by Richardson et
al. (2001) using batch analysis programming de-
veloped by Karcher and Richardson (2005). A hue
range of 50 to 107 and a saturation range of 0 to 100
were used in the software to identify green leaves in
the images.

Trial data were analyzed as a 2 (traffic and no
traffic) x 120 (entries) factorial arranged in a strip-
plot design with the three replications. Data were

subjected to analysis of variance and means were
separated using Fisher’s protected least significant
difference (LSD) test at p < 0.05.

Evaluation of Non-trafficked Plots

Plots were rated for turfgrass quality month-
ly during April through October during 2016, and
spring green-up was evaluated on 5 April 2017. A
1 to 9 rating was utilized for both parameters where
9 represented the best turfgrass quality and earliest
spring green-up.

Analysis of variance was performed on these
data as a single factor randomized complete block
design with three replications. Means were sepa-
rated using Fisher’s protected least significant differ-
ence (LSD) test at p < 0.05.

RESULTS

Traffic reduced uniformity of turf cover, FTC, and
green cover of tall fescue during spring, summer,
and autumn 2017 (Table 1). The entry factor had a
significant effect on uniformity of turf cover and FTC
during each season in 2017; however, the entry fac-
tory only had significant effect on green cover dur-
ing spring and summer. Moreover, the entry effect
interacted with the traffic factor for uniformity of turf
cover and FTC during spring, summer and autumn.
A significant traffic x entry interaction was observed
for green cover during only summer and autumn.

Response to Spring Traffic: June 2017

When subjected to traffic, entries with the best
uniformity of turf cover and greatest FTC were
Hemi, Rhambler 2 SRP (LSD), Firecracker SLS
(PPG-TF-105), Memphis (GO-DFR), Olympus
(RAD-TF-88), JS 916, and RAD-TF-92 (Table 2).
Entries with the poorest uniformity of turf cover and
least FTC were Thunderstruck (TD1), Traverse 2
SRP (W45), K12-MCD, Terrano, Temptation (OR-
21), PST-5MVD, BAR Fa 120878, JS 825, Justice +
Virtue Il + Greystone, and Kentucky 31.

Green cover varied among entries but was in-
dependent of the level of traffic after spring 2017.
Forty entries had the greatest green cover (aver-
aged across traffic and no traffic plots) during spring
2017 (Table 1), whereas, fifty-two entries had the
least green cover.
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Response to Summer Traffic: August 2017

Cultivars and experimental selections with best
uniformity of turf cover and greatest FTC and green
cover after summer 2017 traffic were JS 809, B23,
Inspiration (PST-R5NW), Hemi, Michelangelo (LTP-
F5DPDR), IS-TF 276 M2, RAD-TF-89, Nightcrawler
(IS-TF 285), Aquaduct, K12-13, RAD-TF-92, Rham-
bler 2 SRP, (LSD), PSG-8BP2, Olympus (RAD-
TF-88), PST-5EX2, Comp. Res. SST, Fayette (IS-TF
291), Annihilator, Reflection (U45), BAR Fa 120878,
JS 818, Caesar (TY 10), Mustang 4, 4th Millennium
SRP (U43), and Rain Dance (PST-5SDT) (Table 3).

Entries with poorest uniformity of turf cover and
the least FTC and green cover were Amity (CCR2),
Unitus (IS-TF 289), Falcon V, Avenger Il (PPG-
TF-156), Screamer LS (PPG-TF-148), Traverse
2 SRP (W45), Embrace (PST-5EV2), PSG-PO1,
Thunderstruck (TD1), PPG-TF-169, PPG-TF-135,
and Marauder (Table 3).

Response to Autumn Traffic: October 2017

Uniformity of turf cover, FTC, and green cover of
entries depended on the level of autumn traffic, and
cultivars and experimental selections with the best
uniformity of turf cover and greatest FTC and green
cover under trafficked conditions were Reflection
(U45), Hemi, Rhambler 2 SRP (LSD), JS 916, Inspi-
ration (PST-R5NW), BAR Fa 120878, PSG-8BP2,
Michelangelo (LTP-F5DPDR), JS 809, Supersonic
(PPG-TF-170), B23, Hot Rod (Burl TF-136), Cross-
fire 4 (IS-TF 310 SEL), Caesar (TY 10), K12-13, IS-
TF 276 M2, PST-5EX2, Regenerate, RAD-TF-92,
JS 818, Mustang 4, Valkyrie LS (PPG-TF-172), 4th
Millennium SRP (U43), Maestro (T 31), Nightcrawler
(IS-TF 285), and Paramount (PPG-TF-137) (Table
4).

Entries with poorest uniformity of turf cover
and the least FTC and green cover under trafficked
conditions were PST-5MVD, Annihilator, IS-TF-308
SEL, MET 1, PST-5DZP, Kentucky 31, Wichita
(PPG-TF-151), Faith, PSG-PO1, Terrano, K12-
MCD, PPG-TF-169, Screamer LS (PPG-TF-148),
and Marauder.

Performance of Tall Fescue without Traffic

Entries with the best multi-year average turf
quality during 2013 to 2017 were Black Tail (PPG-
TF-150), Regenerate, Traverse 2 SRP (W45), 4th
Millennium SRP (U43), MET 1, F711, Raptor Il

(ZW 44), Reflection (U45), Technique (RZ2), Bi-
zem, Amity (CCR2), Titanium 2LS (PPG-TF-152),
B23, Rhambler 2 SRP (LSD), Rowdy (SRX-TPC),
Avenger Il (PPG-TF-156), Meridian (PST-5GRB),
Rebounder (Pick-W43), Rockwell (LTP-TWUU),
Firecracker SLS (PPG-TF-105), Firebird 2, ATF
1612, Valkyrie LS (PPG-TF-172), Fayette (IS-TF
291), IS-TF-308 SEL, Hemi, Embrace (PST-5EV2),
Paramount (PPG-TF-137), Houndog 8 (IS-TF 307
SEL), and Thor (PPG-TF-157) (Table 5).

Kentucky 31 had the poorest multi-year average
turf quality in 2013 to 2017. Other entries with lower
multi-year average turf quality (< 5.0) during this
period were JS 819, PST-5EX2, Inspiration (PST-
R5NW), PSG-TT4, Frontline (Exp TF-09), Maraud-
er, BAR Fa 121089, BAR Fa 121091, Aquaduct,
Annihilator, JS 825, Warhawk, Justice + Virtue Il +
Greystone, and BAR Fa 120878 (Table 5).

DISCUSSION

Research results generated from turfgrass cul-
tivar and experimental selection trials conducted
over multiple years are critical for seed companies
to make decisions on whether to commercialize ex-
perimental selections and how to market existing
cultivars. The electronic presentation of trial results
allows turfgrass practitioners to make research-
based species and cultivar decisions for the facilities
they manage. Moreover, results provide university
extension and outreach personnel a means to de-
liver non-biased recommendations to end users in
the form of presentations, reports, and fact sheets.

Data from the 2006 NTEP Tall Fescue Test
were summarized in the Rutgers Cooperative Ex-
tension Fact Sheet (FS1186), Tall Fescue Varieties
for New Jersey Sports Fields. Cultivar presenta-
tion was based on traffic tolerance, turfgrass qual-
ity, and brown patch susceptibility data generated
at Rutgers Horticultural Research Farm Il as well as
other research sites. Entries comprising the 2012
NTEP Fescue Test will be presented according to
these parameters in an updated Rutgers Coopera-
tive Extension Fact Sheet following the creation of a
final report of this trial by NTEP. A preliminary sum-
mary of seasonal traffic tolerance and multi-year
average turfgrass quality for entries comprising the
2012 NTEP Tall Fescue Test at Rutgers Horticultural
Research Farm Il is presented in Table 6. Multi-
location brown patch results are also summarized
from 2015 and 2016.
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Table 2.

Uniformity of turf cover, fullness of turfgrass canopy as affected by the interaction of tall fescue

entry and traffic, and green cover as affected by tall fescue entry during spring 2017. (Includes
all entries of the 2012 National Turfgrass Evaluation (NTEP) Tall Fescue Test.)

Spring Traffic'
Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?
Green
Tall Fescue Entry No Traffic Traffic No Traffic Traffic Cover*
——————— 1to 9 scale 0 to 100% scale---------------
1 Reflection (U45) 9.0 5.7 100.0 61.7 841
2 JS 809 9.0 6.3 96.7 61.7 81.1
3 Inspiration (PST-R5NW) 9.0 5.3 95.0 53.3 82.4
4 Hemi 9.0 7.7 100.0 71.7 83.5
5 JS916 9.0 6.7 98.3 63.3 82.6
6 Michelangelo (LTP-F5DPDR) 9.0 6.0 100.0 60.0 83.1
7 Rhambler 2 SRP (LSD) 9.0 7.0 98.3 66.7 86.0
8 PSG-8BP2 8.3 5.3 95.0 56.7 814
9 BAR Fa 120878 7.7 3.3 83.3 38.3 78.9
10 Supersonic (PPG-TF-170) 9.0 5.0 98.3 53.3 81.6
11 B23 9.0 6.3 100.0 63.3 83.8
12 IS-TF 276 M2 9.0 6.0 100.0 60.0 82.7
13 RAD-TF-92 9.0 6.7 96.7 61.7 83.5
14 K12-13 9.0 5.7 98.3 58.3 814
15 PST-5EX2 9.0 5.7 96.7 55.0 78.6
16 Hot Rod (Burl TF-136) 9.0 6.3 96.7 61.7 85.0
17 Crossfire 4 (IS-TF 310 SEL) 9.0 6.0 98.3 65.0 81.7
18 JS 818 8.7 5.3 98.3 50.0 79.9
19 Caesar (TY 10) 9.0 4.7 95.0 45.0 80.1
20 Regenerate 9.0 6.0 100.0 63.3 82.4
21 4th Millennium SRP (U43) 9.0 6.3 100.0 55.0 85.1
22 Valkyrie LS (PPG-TF-172) 9.0 6.3 100.0 65.0 82.1
23 Mustang 4 9.0 5.7 98.3 51.7 81.6
24 |S-TF-287 9.0 5.0 98.3 53.3 81.9
25 Maestro (T31) 9.0 4.7 100.0 50.0 79.5
26 RAD-TF-89 9.0 6.0 98.3 60.0 82.1
27 Nightcrawler (IS-TF 285) 9.0 5.3 98.3 51.7 83.0
28 Fayette (IS-TF 291) 9.0 6.0 100.0 56.7 83.1
29 Catalyst 9.0 5.3 98.3 53.3 81.9
30 Swagger (PST-5R05) 8.3 4.3 98.3 48.3 79.8
(Continued)
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Table 2. Tall fescue traffic test, spring 2017 (NTEP) (continued).

Spring Traffic'
Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?
Green
Tall Fescue Entry No Traffic Traffic No Traffic Traffic Cover*
----1 1o 9 scale 0 to 100% scale---------------

31 Diablo (IS-TF 330) 9.0 5.3 98.3 56.7 84.0
32 PSG-TT4 8.7 5.0 95.0 51.7 80.5
33 Xtender (PPG-TF-139) 9.0 6.0 98.3 60.0 83.4
34 Paramount (PPG-TF-137) 9.0 5.0 98.3 55.0 80.2
35 Meridian (PST-5GRB) 9.0 6.3 100.0 63.3 82.0
36 Aquaduct 8.3 6.0 95.0 60.0 80.4
37 IS-TF 269 SEL 9.0 5.7 100.0 61.7 83.0
38 IS-TF-311 9.0 5.3 100.0 46.7 82.1
39 Bullseye 9.0 5.3 100.0 50.0 80.5
40 Rain Dance (PST-5SDT) 8.7 4.7 96.7 46.7 78.4
41 Bizem 9.0 5.7 98.3 56.7 84.1
42 Black Tail (PPG-TF-150) 9.0 6.0 100.0 61.7 83.5
43 Rebel IV + Rebel Advance

+ Brockton 9.0 5.3 96.7 55.0 82.0
44 PST-5BRK 9.0 5.3 98.3 53.3 80.2
45 F711 9.0 5.3 100.0 60.0 83.1
46 Saltillo (PST-5SALT) 9.0 5.0 98.3 51.7 79.4
47 Falcon IV 9.0 4.7 95.0 48.3 79.1
48 Rebounder (Pick-W43) 9.0 5.3 98.3 58.3 83.0
49 Temple (DZ1) 9.0 5.0 100.0 50.0 80.2
50 PST-5BPO 9.0 4.3 98.3 48.3 80.5
51 Comp. Res. SST 9.0 6.3 100.0 61.7 81.7
52 BAR Fa 121095 9.0 4.3 96.7 46.7 80.4
53 Memphis (GO-DFR) 9.0 6.7 100.0 65.0 79.5
54 JS 819 8.7 5.7 96.7 51.7 80.9
55 Rockwell (LTP-TWUU) 9.0 5.7 100.0 61.7 82.1
56 Rebel V (ATF 1736) 9.0 5.7 98.3 65.0 80.6
57 Firewall (PSG-WE1) 9.0 5.3 100.0 58.3 81.5
58 Hover (Burl TF-69) 9.0 5.0 100.0 58.3 81.0
59 Firecracker SLS (PPG-TF-105) 9.0 6.7 98.3 65.0 83.1
60 Grande 3 9.0 5.3 100.0 53.3 81.2

(Continued)
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Table 2. Tall fescue traffic test, spring 2017 (NTEP) (continued).

Spring Traffic'
Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?
Green
Tall Fescue Entry No Traffic Traffic No Traffic Traffic Cover*
—————— 1to 9 scale 0 to 100% scale---------------
61 ATF 1754 8.7 4.3 95.0 46.7 78.7
62 Rowdy (SRX-TPC) 9.0 6.3 100.0 66.7 83.2
63 PSG-GSD 8.7 5.0 95.0 45.0 83.8
64 ATF 1704 9.0 5.0 100.0 53.3 79.0
65 Rhizing Moon (IS-TF 305 SEL) 9.0 5.0 98.3 48.3 81.4
66 Houndog 8 (IS-TF 307 SEL) 9.0 4.3 100.0 43.3 79.4
67 Dynamite LS (PPG-TF-145) 9.0 5.0 96.7 50.0 82.4
68 FalconV 9.0 4.7 100.0 46.7 81.3
69 Avenger Il (PPG-TF-156) 9.0 5.3 100.0 58.3 81.6
70 Olympus (RAD-TF-88) 9.0 6.7 98.3 63.3 82.8
71 Foxhound (IS-TF 284 M2) 9.0 6.3 98.3 63.3 80.2
72 MET-3 9.0 5.3 98.3 51.7 80.7
73 Turfway (IS-TF 282 M2) 9.0 5.3 100.0 58.3 80.9
74 BAR Fa 121091 8.3 4.0 93.3 43.3 79.4
75 Technique (RZ2) 9.0 6.0 98.3 60.0 83.2
76 Titanium 2LS (PPG-TF-152) 9.0 5.7 100.0 56.7 83.7
77 Kingdom (DB1) 9.0 5.3 98.3 56.7 81.2
78 ATF 1612 9.0 4.7 100.0 45.0 82.2
79 K12-05 9.0 5.7 98.3 53.3 80.7
80 Frontline (Exp TF-09) 9.0 4.7 95.0 50.0 79.3
81 Raptor Ill (ZW 44) 9.0 5.7 100.0 51.7 81.7
82 PPG-TF-115 9.0 4.7 98.3 51.7 81.4
83 PPG-TF-138 9.0 4.7 98.3 45.0 81.6
84 Unitus (IS-TF 289) 9.0 4.3 96.7 46.7 82.8
85 Fesnova 9.0 5.3 96.7 53.3 81.4
86 Warhawk 9.0 4.7 98.3 53.3 79.7
87 IS-TF-272 9.0 4.3 96.7 45.0 81.9
88 RAD-TF-83 9.0 4.7 98.3 46.7 79.5
89 204 Res. Blk4 9.0 5.7 100.0 55.0 81.8
90 Leonardo (LTP-FSD) 9.0 4.7 95.0 51.7 82.4
91 PST-5DZP 9.0 4.7 98.3 51.7 78.4
92 Thor (PPG-TF-157) 9.0 4.7 96.7 55.0 81.2
93 Faith 9.0 4.3 100.0 45.0 79.8
94 Ares (PPG-TF-142) 9.0 5.3 98.3 56.7 82.7
95 IS-TF-308 SEL 9.0 5.3 100.0 53.3 82.1
(Continued)
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Table 2. Tall fescue traffic test, spring 2017 (NTEP) (continued).

Spring Traffic'
Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?
Green
Tall Fescue Entry No Traffic Traffic No Traffic Traffic Cover*
——————— 1to 9 scale 0 to 100% scale---------------

96 Screamer LS (PPG-TF-148) 9.0 3.7 100.0 43.3 78.7
97 Embrace (PST-5EV2) 9.0 5.3 96.7 56.7 80.0
98 Annihilator 9.0 5.7 95.0 63.3 81.0
99 BAR Fa 121089 9.0 4.0 96.7 43.3 80.1
100 Mustang 4 + Faith + Bullseye 9.0 5.0 96.7 46.7 79.2
101 Firebird 2 9.0 5.0 100.0 55.0 82.5
102 GTO (Burl TF-2) 9.0 4.3 100.0 46.7 78.2
103 PST-5MVD 9.0 4.3 95.0 38.3 80.1
104 JS 825 8.7 3.3 93.3 38.3 77.5
105 Bloodhound (MET 6 SEL) 9.0 4.7 100.0 48.3 81.9
106 Kentucky 31 7.0 3.0 70.0 30.0 771
107 W41 9.0 5.3 100.0 53.3 82.1
108 Traverse 2 SRP (W45) 9.0 4.3 100.0 40.0 81.1
109 PPG-TF-169 9.0 4.3 100.0 48.3 771
110 K12-MCD 9.0 4.0 98.3 40.0 80.8
111 Terrano 9.0 4.0 98.3 40.0 79.8
112 MET 1 9.0 4.7 100.0 45.0 77.3
113 Temptation (OR-21) 9.0 3.7 95.0 40.0 80.3
114 Justice + Virtue Il + Greystone 9.0 3.0 91.7 36.7 79.0
115 PPG-TF-135 9.0 4.3 100.0 45.0 81.8
116 Thunderstruck (TD1) 9.0 3.3 96.7 41.7 82.5
117 Wichita (PPG-TF-151) 9.0 4.0 100.0 43.3 79.1
118 Amity (CCR2) 9.0 5.0 100.0 46.7 79.8
119 Marauder 9.0 4.0 98.3 43.3 80.3
120 PSG-PO1 9.0 3.3 98.3 43.3 81.6
Columns (down) LSD at 5% = 1.3 12.4 3.9
Rows (across) LSD at 5% = 1.8 15.2 NAS

'Thirty-two total machine passes were applied using a combination of the Rutgers Wear Simulator and
Cady Traffic Simulator during spring 2017 (four passes per week from 11 April to 30 May 2017)

29 = most dense, uniform canopy

3100% = full canopy

4100% = complete green cover, measured by digital image analysis (DIA)

Snot applicable
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Table 3.

Uniformity of turf cover, fullness of turfgrass canopy, and green cover as affected by the in-

teraction of traffic and tall fescue entry during summer 2017. (Includes all entries of the 2012
National Turfgrass Evaluation Program (NTEP) Tall Fescue Test.)

Summer Traffic’!
Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?® Green Cover*

Selection No Traffic Traffic No Traffic Traffic No Traffic Traffic

—————— 1to 9 scale------  -------------—-----0 to 100% scale---------------—----
1 Reflection (U45) 9.0 5.0 98.3 48.3 91.1 70.4
2 JS 809 8.7 6.3 95.0 58.3 87.1 73.7
3 Inspiration (PST-R5NW) 9.0 6.0 95.0 56.7 90.2 76.5
4 Hemi 9.0 5.7 98.3 55.0 89.1 69.7
5 JS916 9.0 5.7 96.7 55.0 91.2 66.3
6 Michelangelo (LTP-FS5DPDR) 9.0 5.7 100.0 53.3 90.5 74.8
7 Rhambler 2 SRP (LSD) 9.0 5.3 96.7 51.7 91.2 69.5
8 PSG-8BP2 8.7 5.3 95.0 50.0 86.7 70.0
9 BAR Fa 120878 8.0 5.0 81.7 46.7 90.9 80.0
10 Supersonic (PPG-TF-170) 9.0 4.3 98.3 46.7 90.9 72.8
11 B23 9.0 6.0 100.0 60.0 91.1 72.3
12 IS-TF 276 M2 8.7 5.7 93.3 51.7 89.2 72.9
13 RAD-TF-92 9.0 5.3 98.3 51.7 92.4 75.9
14 K12-13 9.0 5.3 96.7 55.0 85.5 71.1
15 PST-5EX2 9.0 5.3 93.3 46.7 91.5 74.4
16 Hot Rod (Burl TF-136) 9.0 5.0 98.3 50.0 89.7 69.1
17 Crossfire 4 (IS-TF 310 SEL) 9.0 5.0 100.0 51.7 91.0 69.2
18 JS 818 8.7 5.0 95.0 46.7 89.7 75.6
19 Caesar (TY 10) 9.0 5.0 93.3 46.7 90.9 71.5
20 Regenerate 9.0 4.3 100.0 46.7 93.0 67.4
21 4th Millennium SRP (U43) 9.0 5.0 96.7 46.7 93.0 70.5
22 Valkyrie LS (PPG-TF-172) 9.0 5.0 100.0 48.3 90.5 64.9
23 Mustang 4 9.0 5.0 100.0 46.7 89.2 71.0
24 |S-TF-287 9.0 4.3 100.0 41.7 93.5 69.7
25 Maestro (T31) 9.0 4.3 98.3 41.7 89.8 60.7
26 RAD-TF-89 9.0 5.7 96.7 51.7 89.8 72.5
27 Nightcrawler (IS-TF 285) 9.0 5.7 95.0 51.7 90.4 71.2
28 Fayette (IS-TF 291) 9.0 5.0 98.3 50.0 91.5 72.0
29 Catalyst 9.0 5.0 96.7 51.7 89.0 66.3
30 Swagger (PST-5R05) 9.0 5.0 98.3 50.0 90.0 69.2

(Continued)
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Table 3. Tall fescue traffic test, summer 2017 (NTEP) (continued).

Summer Traffic’
Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?® Green Cover*

Selection No Traffic Traffic No Traffic Traffic No Traffic Traffic

—————— 1to 9 scale------  ---——--——-——-———---0 to 100% scale---------------—---
31 Diablo (IS-TF 330) 9.0 4.7 98.3 46.7 91.3 68.0
32 PSG-TT4 8.7 4.7 95.0 43.3 89.2 70.3
33 Xtender (PPG-TF-139) 9.0 4.0 100.0 38.3 92.3 63.1
34 Paramount (PPG-TF-137) 9.0 4.0 98.3 45.0 92.6 64.2
35 Meridian (PST-5GRB) 9.0 6.0 96.7 55.0 914 67.5
36 Aquaduct 8.7 5.7 91.7 50.0 88.6 76.0
37 IS-TF 269 SEL 9.0 4.7 100.0 46.7 914 66.9
38 IS-TF-311 9.0 4.7 98.3 48.3 90.9 64.5
39 Bullseye 8.7 4.7 96.7 45.0 92.4 71.2
40 Rain Dance (PST-5SDT) 8.7 4.7 93.3 46.7 90.3 71.8
41 Bizem 9.0 4.3 98.3 45.0 92.7 67.4
42 Black Tail (PPG-TF-150) 9.0 4.0 96.7 40.0 91.7 55.7

43 Rebel IV + Rebel Advance

+ Brockton 9.0 3.7 95.0 40.0 90.7 69.5
44 PST-5BRK 8.7 3.7 95.0 35.0 90.6 71.2
45 F711 9.0 3.7 98.3 36.7 92.5 64.1
46 Saltillo (PST-5SALT) 8.7 3.7 93.3 35.0 90.6 64.9
47 Falcon IV 8.7 3.7 93.3 38.3 89.5 63.8
48 Rebounder (Pick-W43) 9.0 3.3 98.3 36.7 91.5 67.7
49 Temple (DZ1) 9.0 3.3 98.3 33.3 90.6 62.1
50 PST-5BPO 9.0 3.3 95.0 35.0 89.8 63.8
51 Comp. Res. SST 8.7 5.0 93.3 55.0 91.1 74.4
52 BAR Fa 121095 9.0 5.0 98.3 51.7 87.7 68.7
53 Memphis (GO-DFR) 9.0 4.7 96.7 45.0 87.7 70.8
54 JS 819 9.0 4.7 95.0 45.0 88.8 69.0
55 Rockwell (LTP-TWUU) 9.0 4.7 96.7 43.3 92.6 74.3
56 Rebel V (ATF 1736) 9.0 4.7 95.0 43.3 90.7 65.9
57 Firewall (PSG-WE1) 9.0 4.3 98.3 45.0 91.7 65.0
58 Hover (Burl TF-69) 9.0 4.3 96.7 40.0 90.5 72.6
59 Firecracker SLS (PPG-TF-105) 9.0 4.0 98.3 41.7 92.9 69.0
60 Grande 3 9.0 4.0 96.7 38.3 89.7 66.6

(Continued)
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Table 3. Tall fescue traffic test, summer 2017 (NTEP) (continued).

Summer Traffic’
Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?® Green Cover*

Selection No Traffic Traffic No Traffic Traffic No Traffic Traffic

—————— 1to 9 scale------  ---——--——-——-———---0 to 100% scale---------------—---
61 ATF 1754 9.0 4.0 98.3 40.0 91.2 66.9
62 Rowdy (SRX-TPC) 9.0 3.7 96.7 36.7 91.7 62.6
63 PSG-GSD 8.7 3.7 95.0 38.3 89.3 71.6
64 ATF 1704 9.0 3.7 96.7 43.3 93.5 61.3
65 Rhizing Moon (IS-TF 305 SEL) 8.7 3.7 95.0 33.3 91.0 64.2
66 Houndog 8 (IS-TF 307 SEL) 9.0 3.7 100.0 38.3 90.4 64.1
67 Dynamite LS (PPG-TF-145) 9.0 3.3 95.0 36.7 90.1 65.8
68 Falcon V 9.0 3.0 98.3 35.0 92.4 54.9
69 Avenger Il (PPG-TF-156) 9.0 2.7 98.3 28.3 92.6 54.3
70 Olympus (RAD-TF-88) 9.0 5.3 98.3 48.3 90.5 70.8
71 Foxhound (IS-TF 284 M2) 9.0 4.7 98.3 417 90.4 66.7
72 MET-3 9.0 4.0 100.0 40.0 92.4 61.8
73 Turfway (IS-TF 282 M2) 9.0 4.0 98.3 417 89.8 64.8
74 BAR Fa 121091 9.0 4.0 95.0 46.7 89.6 70.0
75 Technique (RZ2) 9.0 3.7 98.3 38.3 91.8 62.1
76 Titanium 2LS (PPG-TF-152) 9.0 3.7 100.0 40.0 91.3 69.8
77 Kingdom (DB1) 8.7 3.7 96.7 36.7 87.6 63.3
78 ATF 1612 9.0 3.7 98.3 38.3 91.2 64.9
79 K12-05 9.0 3.3 100.0 33.3 87.1 60.5
80 Frontline (Exp TF-09) 8.0 3.3 90.0 33.3 90.7 60.5
81 Raptor Ill (ZW 44) 9.0 3.0 96.7 33.3 92.5 61.0
82 PPG-TF-115 9.0 3.0 98.3 35.0 88.6 60.6
83 PPG-TF-138 9.0 3.0 95.0 35.0 91.8 61.5
84 Unitus (IS-TF 289) 9.0 3.0 98.3 36.7 89.5 55.6
85 Fesnova 9.0 4.7 95.0 46.7 90.9 61.9
86 Warhawk 8.7 4.3 91.7 433 88.9 711
87 IS-TF-272 9.0 4.3 98.3 46.7 90.4 67.1
88 RAD-TF-83 9.0 3.7 98.3 40.0 90.4 711
89 204 Res. Blk4 9.0 3.3 98.3 33.3 91.8 65.3
90 Leonardo (LTP-FSD) 9.0 3.3 96.7 36.7 91.9 63.4
91 PST-5DZP 8.7 3.3 96.7 33.3 88.9 58.9
92 Thor (PPG-TF-157) 9.0 3.3 98.3 35.0 92.8 61.0
93 Faith 9.0 3.3 95.0 36.7 88.6 60.4
94 Ares (PPG-TF-142) 9.0 3.0 98.3 33.3 90.5 60.3
95 |S-TF-308 SEL 9.0 3.0 100.0 36.7 91.9 61.7

(Continued)
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Table 3. Tall fescue traffic test, summer 2017 (NTEP) (continued).

Summer Traffic’
Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?® Green Cover*
Selection No Traffic Traffic No Traffic Traffic No Traffic Traffic
—————— 1to 9 scale------  ---——--——-——-———---0 to 100% scale---------------—---
96 Screamer LS (PPG-TF-148) 9.0 2.3 100.0 26.7 90.3 53.4
97 Embrace (PST-5EV2) 9.0 2.0 100.0 26.7 91.9 51.3
98 Annihilator 9.0 5.0 95.0 50.0 88.5 69.4
99 BAR Fa 121089 9.0 4.3 96.7 45.0 89.4 65.7
100 Mustang 4 + Faith + Bullseye 9.0 4.0 100.0 43.3 91.6 68.0
101 Firebird 2 9.0 3.7 100.0 36.7 914 62.9
102 GTO (Burl TF-2) 9.0 3.7 98.3 35.0 90.3 60.0
103 PST-5MVD 9.0 3.0 96.7 30.0 91.1 61.7
104 JS 825 8.3 3.0 93.3 31.7 84.5 68.5
105 Bloodhound (MET 6 SEL) 9.0 2.7 98.3 30.0 90.9 62.8
106 Kentucky 31 6.7 2.7 76.7 25.0 90.1 60.5
107 W41 9.0 2.3 96.7 28.3 92.7 58.9
108 Traverse 2 SRP (W45) 9.0 2.3 96.7 26.7 92.4 51.3
109 PPG-TF-169 9.0 2.0 100.0 25.0 90.4 49.5
110 K12-MCD 9.0 4.7 96.7 43.3 91.0 73.6
111 Terrano 9.0 3.7 95.0 33.3 90.5 61.0
112 MET 1 9.0 3.0 98.3 26.7 90.3 58.6
113 Temptation (OR-21) 8.7 2.3 95.0 26.7 90.0 57.5
114 Justice + Virtue Il + Greystone 8.7 2.3 91.7 28.3 91.2 58.8
115 PPG-TF-135 9.0 1.7 96.7 25.0 93.1 47.2
116 Thunderstruck (TD1) 8.7 1.3 95.0 23.3 90.5 49.5
117 Wichita (PPG-TF-151) 9.0 3.0 100.0 35.0 92.2 59.6
118 Amity (CCR2) 9.0 2.7 100.0 30.0 93.3 57.0
119 Marauder 9.0 2.3 95.0 26.7 89.7 46.7
120 PSG-PO1 9.0 1.7 98.3 23.3 92.2 50.7
Columns (down) LSD at 5% = 1.8 13.6 10.6
Rows (across) LSD at 5% = 1.8 14.0 17.7

'Thirty-two total machine passes were applied using a combination of the Rutgers Wear Simulator and
Cady Traffic Simulator during summer 2017: two passes per week from 26 June to 10 August, 2017

29 = most dense, uniform canopy

3100% = full canopy

4100% = complete green cover; measured by digital image analysis (DIA)
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Table 4.

Uniformity of turf cover, fullness of turfgrass canopy, and green cover as affected by the interac-

tion of tall fescue entry and traffic during autumn 2017. (Includes all entries of the 2012 Na-
tional Turfgrass Evaluation Program (NTEP) Tall Fescue Test.)

Autumn Traffic'

Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?® Green Cover*

Selection No Traffic Traffic No Traffic Traffic No Traffic Traffic

—————— 1to 9 scale------  -------------—-----0 to 100% scale---------------—----
1 Reflection (U45) 9.0 5.3 96.7 40.0 93.6 72.2
2 JS 809 8.7 4.7 83.3 33.3 88.4 73.9
3 Inspiration (PST-R5NW) 8.0 4.7 86.7 38.3 92.2 69.8
4 Hemi 9.0 4.7 88.3 45.0 91.6 67.0
5 JS916 9.0 4.7 95.0 40.0 93.3 69.9
6 Michelangelo (LTP-F5DPDR) 8.7 4.7 95.0 35.0 92.1 73.3
7 Rhambler 2 SRP (LSD) 8.7 4.7 91.7 40.0 92.7 70.8
8 PSG-8BP2 8.7 4.7 86.7 36.7 88.5 70.1
9 BAR Fa 120878 6.7 4.7 70.0 36.7 92.1 78.5
10 Supersonic (PPG-TF-170) 9.0 4.7 98.3 33.3 91.8 66.9
11 B23 9.0 4.3 95.0 43.3 92.5 70.9
12 IS-TF 276 M2 8.7 4.3 88.3 38.3 92.3 67.9
13 RAD-TF-92 8.3 4.3 91.7 35.0 91.5 65.6
14 K12-13 9.0 4.3 96.7 38.3 89.6 71.2
15 PST-5EX2 8.0 4.3 86.7 36.7 92.9 69.4
16 Hot Rod (Burl TF-136) 9.0 4.3 95.0 41.7 91.6 74.8
17 Crossfire 4 (IS-TF 310 SEL) 9.0 4.3 98.3 40.0 92.3 70.1
18 JS 818 8.7 4.3 91.7 33.3 90.5 69.6
19 Caesar (TY 10) 9.0 4.3 95.0 40.0 92.6 67.6
20 Regenerate 9.0 4.3 96.7 36.7 91.7 65.0
21 4th Millennium SRP (U43) 8.7 4.0 96.7 36.7 93.6 72.3
22 Valkyrie LS (PPG-TF-172) 9.0 4.0 93.3 40.0 90.8 68.0
23 Mustang 4 8.3 4.0 91.7 40.0 91.5 74.2
24 |S-TF-287 9.0 4.0 100.0 33.3 91.4 61.4
25 Maestro (T31) 9.0 4.0 95.0 33.3 91.3 67.6
26 RAD-TF-89 8.7 3.7 96.7 36.7 90.7 63.3
27 Nightcrawler (IS-TF 285) 9.0 3.7 95.0 33.3 90.7 69.4
28 Fayette (IS-TF 291) 8.7 3.7 91.7 31.7 93.3 61.6
29 Catalyst 9.0 3.7 96.7 33.3 90.1 62.4
30 Swagger (PST-5R05) 8.3 3.7 88.3 31.7 92.3 62.3

(Continued)
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Table 4. Tall fescue traffic test, autumn 2017 (NTEP) (continued).

Autumn Traffic'

Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?® Green Cover*

Selection No Traffic Traffic No Traffic Traffic No Traffic Traffic

—————— 1to 9 scale------  ---——--——-——-———---0 to 100% scale---------------—---
31 Diablo (IS-TF 330) 9.0 3.7 93.3 36.7 90.8 63.5
32 PSG-TT4 7.7 3.7 83.3 33.3 91.6 64.0
33 Xtender (PPG-TF-139) 9.0 3.7 95.0 31.7 914 56.9
34 Paramount (PPG-TF-137) 9.0 3.7 95.0 33.3 93.3 65.3
35 Meridian (PST-5GRB) 9.0 3.3 93.3 30.0 89.5 56.5
36 Aquaduct 8.3 3.3 88.3 36.7 914 65.3
37 IS-TF 269 SEL 9.0 3.3 91.7 30.0 92.1 56.5
38 IS-TF-311 9.0 3.3 95.0 33.3 92.5 63.4
39 Bullseye 9.0 3.3 98.3 26.7 93.5 55.9
40 Rain Dance (PST-5SDT) 8.0 3.3 85.0 30.0 91.3 53.6
41 Bizem 9.0 3.3 96.7 30.0 93.8 65.0
42 Black Tail (PPG-TF-150) 9.0 3.3 90.0 36.7 92.7 65.3

43 Rebel IV + Rebel Advance

+ Brockton 8.0 3.3 85.0 30.0 91.7 64.9
44 PST-5BRK 8.3 3.3 81.7 31.7 93.2 63.5
45 F711 9.0 3.3 93.3 28.3 92.9 57.8
46 Saltillo (PST-5SALT) 8.7 3.3 88.3 31.7 94.1 58.0
47 Falcon IV 8.3 3.3 88.3 31.7 90.9 59.7
48 Rebounder (Pick-W43) 9.0 3.3 96.7 28.3 91.8 64.7
49 Temple (DZ1) 9.0 3.3 96.7 28.3 92.9 60.3
50 PST-5BPO 8.7 3.3 90.0 33.3 91.9 58.5
51 Comp. Res. SST 8.7 3.0 88.3 28.3 88.0 59.9
52 BAR Fa 121095 8.7 3.0 91.7 30.0 91.0 59.0
53 Memphis (GO-DFR) 8.7 3.0 91.7 30.0 90.0 68.3
54 JS 819 7.7 3.0 85.0 33.3 89.3 73.0
55 Rockwell (LTP-TWUU) 8.7 3.0 93.3 26.7 92.4 59.9
56 Rebel V (ATF 1736) 8.7 3.0 91.7 31.7 91.6 59.0
57 Firewall (PSG-WE1) 9.0 3.0 93.3 31.7 91.9 62.9
58 Hover (Burl TF-69) 8.7 3.0 93.3 33.3 914 63.9
59 Firecracker SLS (PPG-TF-105) 9.0 3.0 93.3 31.7 92.9 61.0
60 Grande 3 9.0 3.0 93.3 30.0 92.4 57.8

(Continued)
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Table 4. Tall fescue traffic test, autumn 2017 (NTEP) (continued).

Autumn Traffic'

Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?® Green Cover*

Selection No Traffic Traffic No Traffic Traffic No Traffic Traffic

—————— 1to 9 scale------  ---——--——-——-———---0 to 100% scale---------------—---
61 ATF 1754 8.7 3.0 96.7 26.7 91.8 54.5
62 Rowdy (SRX-TPC) 9.0 3.0 93.3 26.7 91.5 54.7
63 PSG-GSD 8.3 3.0 90.0 35.0 92.6 67.6
64 ATF 1704 9.0 3.0 100.0 33.3 92.1 62.0
65 Rhizing Moon (IS-TF 305 SEL) 8.7 3.0 93.3 28.3 92.2 54.2
66 Houndog 8 (IS-TF 307 SEL) 9.0 3.0 96.7 30.0 91.5 60.9
67 Dynamite LS (PPG-TF-145) 9.0 3.0 93.3 31.7 92.9 65.8
68 Falcon V 8.7 3.0 95.0 30.0 92.3 64.9
69 Avenger Il (PPG-TF-156) 9.0 3.0 95.0 28.3 92.9 54.4
70 Olympus (RAD-TF-88) 8.0 2.7 80.0 31.7 85.9 55.8
71 Foxhound (IS-TF 284 M2) 9.0 2.7 95.0 30.0 89.9 58.1
72 MET-3 9.0 2.7 98.3 30.0 93.0 64.8
73 Turfway (IS-TF 282 M2) 9.0 2.7 90.0 33.3 91.1 60.0
74 BAR Fa 121091 8.3 2.7 86.7 26.7 90.6 58.6
75 Technique (RZ2) 9.0 2.7 98.3 26.7 91.0 58.4
76 Titanium 2LS (PPG-TF-152) 9.0 2.7 100.0 28.3 92.4 65.0
77 Kingdom (DB1) 8.7 2.7 88.3 30.0 91.2 65.4
78 ATF 1612 9.0 2.7 95.0 30.0 92.6 59.4
79 K12-05 8.7 2.7 91.7 30.0 90.9 59.8
80 Frontline (Exp TF-09) 8.0 2.7 85.0 30.0 92.2 64.7
81 Raptor lll (ZW 44) 9.0 2.7 98.3 30.0 91.1 54.8
82 PPG-TF-115 8.3 2.7 90.0 26.7 87.9 56.3
83 PPG-TF-138 9.0 2.7 96.7 21.7 91.8 53.6
84 Unitus (IS-TF 289) 9.0 2.7 93.3 23.3 89.3 58.7
85 Fesnova 8.3 2.3 85.0 26.7 92.2 50.1
86 Warhawk 7.7 2.3 76.7 26.7 91.0 65.1
87 IS-TF-272 9.0 2.3 95.0 28.3 90.6 69.4
88 RAD-TF-83 8.0 2.3 85.0 26.7 92.2 57.6
89 204 Res. Blk4 9.0 2.3 93.3 26.7 93.8 55.8
90 Leonardo (LTP-FSD) 8.0 2.3 85.0 25.0 921 55.7
91 PST-5DZP 8.3 2.3 88.3 21.7 89.9 50.4
92 Thor (PPG-TF-157) 9.0 2.3 93.3 25.0 92.0 50.1
93 Faith 8.3 2.3 93.3 21.7 90.4 47.8
94 Ares (PPG-TF-142) 8.7 2.3 95.0 20.0 89.7 54 .1
95 |S-TF-308 SEL 9.0 2.3 98.3 23.3 92.3 51.5

(Continued)
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Table 4. Tall fescue traffic test, autumn 2017 (NTEP) (continued).

Autumn Traffic'

Uniformity of Fullness of
Turf Cover? Turfgrass Canopy?® Green Cover*
Selection No Traffic Traffic No Traffic Traffic No Traffic Traffic
—————— 1to 9 scale------  -------------------0 t0 100% scale-------------------
96 Screamer LS (PPG-TF-148) 9.0 2.3 96.7 18.3 92.3 43.5
97 Embrace (PST-5EV2) 8.7 2.3 96.7 25.0 924 54.0
98 Annihilator 7.0 2.0 65.0 23.3 86.4 51.6
99 BAR Fa 121089 8.0 2.0 86.7 30.0 92.5 61.8
100 Mustang 4 + Faith + Bullseye 8.3 2.0 86.7 25.0 90.0 51.4
101 Firebird 2 9.0 2.0 98.3 26.7 89.4 51.2
102 GTO (Burl TF-2) 9.0 2.0 96.7 26.7 91.0 54.4
103 PST-5MVD 8.7 2.0 91.7 21.7 92.9 53.7
104 JS 825 7.7 2.0 73.3 21.7 89.5 61.2
105 Bloodhound (MET 6 SEL) 9.0 2.0 98.3 26.7 92.5 60.7
106 Kentucky 31 6.0 2.0 68.3 18.3 92.6 49.2
107 W41 8.7 2.0 98.3 25.0 91.8 56.7
108 Traverse 2 SRP (W45) 9.0 2.0 98.3 28.3 91.7 49.9
109 PPG-TF-169 8.7 2.0 98.3 20.0 92.1 46.9
110 K12-MCD 9.0 1.7 91.7 21.7 92.9 471
111 Terrano 8.7 1.7 95.0 20.0 91.6 47.7
112 MET1 9.0 1.7 95.0 20.0 91.3 50.4
113 Temptation (OR-21) 8.3 1.7 88.3 23.3 90.5 63.1
114 Justice + Virtue Il + Greystone 7.7 1.7 80.0 25.0 92.5 49.4
115 PPG-TF-135 9.0 1.7 91.7 25.0 93.2 46.3
116 Thunderstruck (TD1) 9.0 1.7 96.7 20.0 90.3 61.0
117 Wichita (PPG-TF-151) 9.0 1.3 88.3 18.3 94.0 48.3
118 Amity (CCR2) 9.0 1.3 95.0 21.7 91.8 55.3
119 Marauder 7.3 1.0 80.0 11.7 85.1 40.2
120 PSG-PO1 9.0 1.0 93.3 21.7 92.7 47.8
Columns (down) LSD at 5% = 1.6 12.9 13.7
Rows (across) LSD at 5% = 1.7 14.2 13.3

'Thirty-two total machine passes were applied using a combination of the Rutgers Wear Simulator and
Cady Traffic Simulator during autumn 2017: two passes per week from 11 September to 30 October
2017

29 = most dense, uniform canopy

3100% = full canopy

4100% = complete green cover; measured by digital image analysis (DIA)

241



(penunuo))

LS L'l 0. vl W) G9 z'. (162 41-SI) eneheq Gz
€9 08 6'9 0. W L9 z. (LE1-41-9dd) unoweled +g
09 08 6'9 G/ v/ G'9 z. (221-41-9dd) S18ukyen ¢z
09 Ll L9 V'L z. v/ z. ZloL 41V 22
09 9/ 0. z. 9/ 0. e/ Zpaugall4 1z
e 6. 0. 6L 0. 8'9 W (S0L-41-9dd) S1S Jexoesaily 0z
09 v/ V'L 9/ Ll 99 e/ (NNML-dLT) [Iem00y 61
09 6L G/ 6'9 8/ G'9 W (EPM-10Id) Jepunogey g|
09 18 W v/ 08 LS W (9996-1Sd) uvelpusy /L
€9 08 vl vl L'l L9 v/ (9G1-41-9dd) I 1ebusny 9|
LG '8 9/ 9/ €/ 19 v/ (aS7) dYs Z Jejqueyy  Gi
09 08 08 G/ W ¥'9 v/ (OdL-X¥S) Apmoy  #1
LS 08 v/ 9/ Ll L9 G/ €zg9 €l
09 v'8 V'L V'L Ll 0. G/ (2G1-41-9dd) STz wniueyl gL
LS & G/ 8/ v/ G'9 G/ wezig ||
€9 6L 8./ 9/ 9/ 89 G/ (2409) Awy 01
LS G'g '8 vl L2 JALS) 9/ (S¥N) uonosyley 6
09 6L 9/ v/ 18 6'9 9/ (zz¥) enbiuyosl g
0L Z'8 G/ L'/ L'l L2 9/ (P¥ M2Z) 111 Joydey /2
09 08 v/ 6L €8 L9 9/ LbZ4 9
€9 08 9/ v/ 18 6'9 9/ e
€9 G'8 v/ 6. z'. z'. L'l (EPN) YS WnUUs|IN Yy ¥
09 Z'8 08 z. 18 W 8/ (SPM) dYS g @sionell ¢
€9 G'g 18 V'L 8/ 8/ 8/ sjessusboy ¢
€9 s Z8 W 18 v/ 6L (0S1-41-9dd) leL xoeig |
/102 ‘Bay ‘Bay ‘Bay ‘Bay ‘Bay ‘Bay Anug anose- |l
|udy G 1102 9102 G102 7102 €102 1102

,dn-usalg -€102

Bunds JAnenp png

JO saLjua ||e sapnjoul) ‘TN “oImsunig YLON 1B L0z Jequiaides ul papass el 4N} B Ul Olyel) INOYJIM S8ljua anossey [|e) Jo souewlopad G 8|gel

("1s91 @nosa4 |lel (d31N) weiboid uonenjea] sselbun] [euoneN Z1L0z 9y}

242



(penunuo))

€9 0. 9'9 W L', 9'G 19 (1¢l) onseeiN 0§
LG G/ 19 9'9 9'9 €9 89 (B6E1-41-9dd) 1epuaix 6%
LY 0. 8'9 0. W 09 8'9 (ogg 41-S1) ojgeld 8
LG 08 z'. 8'9 G'9 G'g 8'9 (73S 01L€ 41-SI) ¥ daysso1)  Lp
09 0. €9 1’9 08 8'9 8'9 (LAM-OSd) llemal4 9
L9 08 L9 0. z. ¥'S 8'9 (871-41-9dd) S1leweaids Gy
0. v/ L9 6L 0. ¥'S 89 v0LL IV P
09 W 9'9 L. 0. ¥'9 6'9 (0£1-41-9dd) owuosiedng ¢
€9 G/ 9'9 9/ 99 Z9 6'9 (1G1-41-9dd) eNYdIM  Z¥
09 G/ G'9 6'9 6'9 6'9 6'9 ¢-13N Ly
09 z. 89 0. 9/ Z9 6'9 LLe-41-Sl OoF
€9 z. W 0. L. Z9 0. (73S 9 13N) punoypoolg  6E
€9 W 9'9 9'9 Ll 8'9 0. (z-4L1ng) 019 8¢
€'G 08 0. e/ z. 8'G 0. 9l6 Sr /¢
09 G/ €/ L'l 69 6'G L2 (1za) eldwal  9¢
€'G 9/ ¥'9 z. e/ 6'9 V'L ofes|ng G¢
LS Ll v/ 8/ 89 8'G V'L 26-41-avd ¢
LS 6L 0. v/ 6'9 Z9 V'L LYM €€
09 G/ z. e/ v/ €9 V'L Gel-41-9dd 2¢
09 v/ L. 8'9 6L Z9 L2 (9€1-4L Hng) poq JoH L¢
LY 9/ 6'9 W v/ L9 z. (73S 20€ 41-SI1) 8 BopunoH 0¢
€9 L'l G/ z'. €/ 1’9 z'. (LS1-41-9dd) oyl 62
€6 z. V'L 6'9 8/ V'L z. IweH 8z
€'G 08 9/ V'L 9/ 6'S z. 73S 80¢-41-SI /2
LG 8/ €/ G/ vl 09 z'. (ZA3G-1Sd) eoeiquy 9z
/102 ‘Bay ‘Bay ‘Bay ‘Bay ‘Bay ‘Bay Anug anose- |l
|udy G 1102 9102 GL0Z ¥102 €102 1102

,dn-usalg -€102

Bunds JAnenp png

"(paNURUOD) (dILN) Z1L0Z “Oles} INOYYM [eLi) Jn) andsay |lel. 'S d|qel

243



(penunuo))

L9 8'9 1’9 Z9 G'9 € Z9 (9€/1 41V) A18gey G/
LS V'L €9 €9 G'9 8y Z9 8¢l-41-9dd .
09 ¥'9 6'S 09 ¥'9 €9 Z9 ureq ¢/
09 G/ v/ 1’9 Z9 8¢ Z9 19 's8Y 02 2.
LG 0L €9 G'9 ¥'9 8y 29 (1TVSS-1Sd) olmes L.z
09 0. ¥'S ¥'9 89 GG Z9 ¥G/L 41V 0/
oY 09 09 Z9 6'9 6'9 ¥'9 (682 41-SI) snun 69
LS €/ L9 L9 Z9 Z'S ¥'9 LOd-9Sd 89
ey L'/ L'/ 19 1’9 ZG G'9 (19a) wopbury /9
0'G L'l 0L 99 8'G ¥'S G'9 (582 41-SI) 1omeso)ybIN - 99
09 9'9 G'9 6'9 0. G'g G'9 (@S4-d17) opieuos 69
09 G'9 €9 99 89 €9 G'9 BAOUS®H 9
L9 z. G'9 6'9 6'9 LG G'9 691-41-9dd €9
L9 e/ €9 ¥'9 V'L 9'G G'9 ¢ spueln z9
€9 Ll ¥'9 z. ¥'9 LG G'9 1sAleled 19
0'S L. 8'9 Z9 9'9 1’9 9'9 (73S S0€ 41-SI1) uooy Buiziyy 09
L9 e/ Z9 0. 99 8'G 99 A uooled 6§
LG 89 19 L. L. € 9'9 (88-41-avy) sndwA|O0 85
LS V'L 1’9 L9 L9 ¥'9 99 68-41-avy /S
LG z'. G'9 6'9 6'9 9'G 9'9 (2 282 41-SI) Aempny  9g
09 Ll Z9 v/ 89 (0 99 /82-41-Sl GG
0'G G/ L2 G'9 19 9'G L9 (73S 692 41-SI) Bulpuail 5
09 89 8'9 9'9 9'9 €9 L9 (4adas4-d11) olebuepyolN €5
€ 0. 8'9 9'9 6'9 1’9 L9 (ZN ¥82 41-SI) punoyxo4 zg
€9 v/ 8'9 9'9 G'9 Z9 L9 (69-4.L HUng) JonoH LG
/102 ‘Bay ‘Bay ‘Bay ‘Bay ‘Bay ‘Bay Anug anose- |l
|udy G 1102 9102 GL0Z ¥102 €102 1102

,dn-usalg -€102

Bunds JAnenp png

"(paNURUOD) (dILN) Z1L0Z “Oles} INOYYM [eLi) Jn) andsay |lel. 'S d|qel

244



(penunuo))

L'y Z9 9'G 1’9 € 8¢ ¥'S 608 ST 001
09 9'G LS 1’9 ¥'S Gy ¥'S €8-41-avy 66
V8% 0. 1’9 LS Z'S €' G'g €L-ZIM 86
L'V 6'G 1’9 LS ¥'S N7 GG (12-40) uoneydwal /6
0'S 8'G LS 09 GG 6'v 9'G Ge0LZlL e4 ¥va 96
0'S 9'9 LS 6'S 8'G 8% 9'G ZIN9/2 41-SI G6
€6 €9 G'g Z9 LS Gy 9'G MHg6-1Sd 76
LS G'9 LS 6'S 6'S 8% 9'G GLL-41-9dd €6
€9 1’9 9'G G9 GG L'V LS ahes|ing + yyed + ¢ buelsny g6
LY 09 9'G 6'S 1’9 'S LG (1@L) Yonusiepunyl L6
e Z9 8'G ¥'9 LS LY LS (S0¥YG-1Sd) Jebbemsg 06
LG G'9 6'G 1’9 9'G e 8'G (0L AL) Jeseed 68
€9 G'9 9'G 6'S 09 e 8'G aso-9sd 88
LY G'9 LS 89 ¥'S 6'v 6'S ouels] /8
LY G'9 1’9 L9 ¥'S (0 6'S 818 Sr 98
L9 9'9 09 Z9 09 9y 6'S 0dgs-1Sd S8
€9 €9 1’9 8'9 09 LY 09 AANS-1Sd  +8
LY G'9 09 6'S 1’9 ¥'S 09 (44@-09) silydwey €8
L'y 0. ¥'9 6'9 LS 6'¢ 09 GO-ZIM 28
€9 G'9 6'S z. 6'S 9y 09 AoOW-ZIX 18
L€ L. Z9 1’9 8'G 8y 09 (G¥1-41-9dd) S18nweuhAg 08
8% 0. G'9 LS 1’9 6'v 09 2.2-41-Sl 6.
09 ¥'9 Z9 €9 6'S LS 1’9 ¥ Bueysniy g/
0¢ W 1’9 LS LS 6'S Z9 (Z¥L-41-9dd) sawy 1.
LY L9 ¥'9 ¥'9 ¥'9 6% Z9 dzas-1sd 9.
/102 ‘Bay ‘Bay ‘Bay ‘Bay ‘Bay ‘Bay Anug anose- |l
|udy G 1102 9102 G102 7102 €102 1102

,dn-usalg -€102

Bunds JAnenp png

"(paNURUOD) (dILN) Z1L0Z “Oles} INOYYM [eLi) Jn) andsay |lel. 'S d|qel

245



dn-usaib Buuds jsales = 6,
Ayenb pnyiseq =6,

Ll Ll o'l z'l 60 el L0 = %G 1e as
L8 o'l o'l z' " L'l L'l Le Aonusy  0Z1
L8 x4 6L 6L 6L 6L 02 8/80Z1 e4 Yva 61l
€e LY 9y L'y 6'¢ zeC 6'¢ ymeyiepy gLl
€9 Y v Gy L€ LT 6'¢ auo0Ishel9) + || SNUIA + doHSNf /1L
0¢ vy 9y Gy ot v'e v GZ8 Sr 9t
(0 Z'S 6% 8y 8y 9¢ Gy Jojejyluuy Gl
€'G 9'G 9y 8y Y v'e Gy yonpenby 411
L'y (0 8y €'G ot L€ 9y l60LZL ed dva €Ll
e/ €'G Z'S (0 v A 9y 68012l e4 dva ZLIL
LS ¥'S €6 0'S (0 6¢ LY JopneleN L1
LY 'S e Gy 9y v LY (60-41 dx3) suipuoiq Q1L
e/ €'G 9 6% 0'S Y 8y ¥11-9Sd 60l
LG G'G 'S ZG 8y L€ 8y (MNGY-1Sd) uoneandsu| g0l
0'S G'g €6 LG 9 L€ 6% 6L8Sr 0L
08 G'g 6V € 6% 8¢ 6% ZX35-1Sd 90l
€9 G'g G'g €'G 9 L'y 0'G  uOopdOIg +80UBAPY [909Y + Al [999Y  GOL
LS ¥'S 0'S 9'G €'G Gy Z'S 2d98-9Sd 0l
0. LS 0'S G'g 0'S L'y Z'S Al Uodojeq g0l
0'S 1’9 9'G GG €'G G'¢ Z'S 1SS 'say 'dwod zol
09 9'G € 8'G G'g Y € (LAsS-1Sd) edoueq uiey Lol
/102 ‘Bay ‘Bay ‘Bay ‘Bay ‘Bay ‘Bay Anug anose- |l

|udy G 1102 9102 G102 7102 €102 1102

,dn-usalg -€102

Bunds JAnenp png

"(paNURUOD) (dILN) Z1L0Z “Oles} INOYYM [eLi) Jn) andsay |lel. 'S d|qel

246



(penunuo))

(0L AL) Jesee)

X akas|ing
X (73S 9 13N) punoypoolg
X X X X (0S1L-41-9dd) I'el xoelg
X X X X wezig
X G60LZ1 ed ¥vg

160lcl ed dvd
6801¢| ed ¥vd

8/80¢| &4 "vd

X X X X X X €zd
X X X X X (9G1-41-9dd) Il 1ebusay
¥S/L 41V
X X v0.LL 41V
X X 219l 41V
(Z¥1-41-9dd) saiy
X 1onpenby
Joje|iyiuuy
X X X (2402) Awy
X X X X X X (E¥N) dYS wniuus|iN Yy
g "sey 02

¥910Z ¢GL0¢C Anenp led Jawwng buudg

Anu3 anoseA e
yojed umoig ssesbun) '50UBIS|0) OIel] w3 dlleL

‘suoljeoo) 1sa} a|dinw
18 (d3LN) weiboid uonenjea] sseibrn] [euoneN z1 0z @y} buisudwod suonos|as |ejuswiiadxa pue SIeAllNd aNdsa) |[B) JO 9ouUBWIOLSd "9 9|qeL

247



(Panunuo))

X X X X

X X X X

IweH
(z-4L 1ng) 019

€ apuels)

(60-4.L dx3) supuoly

(ZW ¥8Z 4.1-SI) punoyxo4
(1IM-9Sd) llemauiy
(S01-41-9dd) S1S Jexoeldail
Z paigaul4

BAOUSDS

(162 41-S1) eneheq
/\ uooje4

Al uooje4

uyed

yE!

(ZN\36-1Sd) @oeiquz
(S¥1-41-9dd) S18nweuig

(0ogg 41-SI) olgeld

(73S 0L€ 41-SI) ¥ 84yssoID
1SS ‘soy ‘dwo)

1sAlered

¥910¢ ¢GL0Z

yoled umolig

Aueno
ssesbun)

led

Jawwng

Buudg

,OOUBIS[O] Olyel]

Aiu3 anosad |leL

‘(panuiuod) (d3.LN) suoneoo) 1sa) a|diynw je Suoid9|as |eluswiiadxa pue SIeA}ND 8NJSa) ||B) JO 8duewlousd 9 d|gel

248



(penunuo))

X X X X (1€1) onseep

X (@S4-d11) opseuosn

(1gq) wopbury

L€ Aonjusyy

X X A2N-ZIM

X €L-2IM

G0-2IM

X X X 916 Sr

GZ8 Sr

618 Sr

818 Sr

X X 608 Sr

X X X X X LLe-41-SI

X X 182-41-SI

2.2-41-Sl

ZN 922 41-SI

X (MNGY-1Sd) uoneldsu

X X (69-41 1ing) JonoH

X (73S 20¢€ 41-SI) 8 BopunoH

X X X X X (9€1-41 1ng) poy 10H
¥910C ¢GL0¢C ANenp led Jawwng buudg

Anug enosed |jeL

yoled umoug sselbun] ,0uels|0] dlyel]|

‘(panuiuod) (d3.LN) suoneoo) 1sa) a|diynw je Suoid9|as |eluswiiadxa pue SIeA}ND 8NJSa) ||B) JO 8duewlousd 9 d|gel

249



(penuiuon)

dzas-1Sd
Md49S-1Sd
0ddS-1sd

V11-9Sd

10d-9Sd
dso-9sd
¢d498-9Sd
691-41-Odd

8¢1-41-9dd
Gel-41-9dd
GlLL-41-9dd
(L€1-41-9dd) Junoweled

(88-41-avy) sndwA|0

(682 41-SI) JoimesjybIN
(4adas4-d1) oebuelayoiiy
e-LAN

[
(999G-1Sd) uvelpusiy
(440-09) siydws|y
JapneleN

¥910C ¢G10¢

yaoled umoig

ANeno
sselbun)

led

Jawwng

Buuds

,O0ueI9|0] Jiyeld|

Aiu3 anosad |leL

‘(panuiuod) (d3.LN) suoneoo) 1sa) a|diynw je Suoid9|as |eluswiiadxa pue SIeA}ND 8NJSa) ||B) JO 8duewlousd 9 d|gel

250



(Panunuo))

x

X X X X

X X X X

(GO¥G-1Sd) Jebbems
(0£1-41-9dd) dluosiedng
(713s 80¢-4.1-SI) Inopuels

(8¥71-41-9dd) S Jeweaiog

(1TvSS-1Sd) olmes
(Dd1-XdS) Apmoy
(NNML-dL1) [Iem¥3o0Yy

(73S S0€ 41-SI) uoo Buiziyy

(@s) dys z Jejqweyy
9)jelousbay

(5¥N) uonosjey
(EPM-M01d) Jepunogay

(921 41V) A 1999y

(¥¥ M2Z) 111 Joydey
(Lasg-1Sd) edoue(q utey
Z6-41-avy

68-41-avd
€8-41-avd
AdAWS-1sd

¢X39-1Sd

¥910C ¢G10¢

yadled umolig

ANeno
sselbun)

led

Jawwng

buuds

,o0uels|0] diyer|

Anu3 anose ||l

‘(panuiuod) (d3.LN) suoneoo) 1sa) a|diynw je Suoid9|as |eluswiiadxa pue SIeA}ND 8NJSa) ||B) JO 8duewlousd 9 d|gel

251



XY0€)LLZLY8-LL CLi/ZLi/erep/Biordayu e ajqejiee eled ‘(PN ‘elydiapy ‘ON ‘ybiejey ‘an “Yied ab9jjoD ‘AM ‘uojbuixa ‘NI
‘anaheje 1SaA (1D ‘SHI01S) Suoieo0| XIS ssoloe g0z ul (Buidnotb [eonsiels doy) yojed umouq abelane jses| ay} pey X, Ue Ylm payJew saujug
XY LEIOLZLIYG-9L ZLiyZLi/elep/Biordau je s|qejiene eleq “(NL ‘SllIAXOUY MO “Jelem|is
‘PN ‘ewydiapy ‘ON ‘ybiojey) suoieoo| Jnoy ssoloe GLog ul (buidnoub [eonsiels doy) yojed umoiq abelane 1ses| ay) pey X, UB YIM payJew salug

N Yomsunig YHoN ‘|| wied yolessay

[ean}no1oH sJabiny e 10z 01 £10g Buunp (buidnoub jeonsnels doy) Ayjenb sseibpuny abeloae 1saqg sy} pajqiyxa X, Ue Yyim pasew saujug ,
FN “oImsunig YHoN ‘|| Wied yoleasay [ein}ndiloH sJabiny 8y} e pajonpuod sem [el] “/10Z-€L0Z uwnine pue :/102-¢L0Z
Jawwins {/10zZ-¢10z Buuds Buunp oiel; Jaye (Bupjues jeonsnels doy) 18A00 Jny Jo Alwiojiun abelaAe 1saq ajedipul X, Ue YIm payiew saujug |

(6EL-41-9dd) Jepusix
(1S1L-41-9dd) enyaipn
MYMeyJep

LM

(221-41-9dd) S1 8uhven
(682 4.L-SI) snyun

(ZN 282 4.1-SI) Aemuny
(73S 692 41-SI) Buipuaiy

(G¥M) YIS Z ostonel]
(251-41-9dd) STg wniueyl
(1@l) sonnssepuny
(£G1-41-9dd) JoyL

oueus|

(12-40) uoneydws|
(1za) edway
(zz¥) enbiuyos|

+9102 ¢G102

yoled umolg

ANenp
sselbuny

led

Jawwng

Bundg

,90UBIS|0] OIyel]

Anug enosed |jeL

‘(panuiuod) (d3.LN) suoneoo) 1sa) a|diynw je Suoid9|as |eluswiiadxa pue SIeA}ND 8NJSa) ||B) JO 8duewlousd 9 d|gel

252



