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ABSTRACT

St. AugustinegrassSenotaphrum secundatum (Walt.) Kuntze] generally has poor cold
tolerance yet excellent shade tolerance. As mastlysummers follow cold winters in
USDA Hardiness Zone 7, severely damaging tall feg€astuca arundineacea Schreb.]
and centipedegrasEremochloa ophiuroides (Munro) Hack.], a St. Augustinegrass
cultivar cold tolerant enough to be grown for shi&yns would greatly benefit both
home owners and sod growers in USDA Hardiness Zoreight St. Augustingrass
samples were selected, including industry stand&aleigh’ and ‘Palmetto’, for further
testing from an established germplasm collectiomaterial collected from lawns grown
in USDA Hardiness Zone 7. Morphological differescestablishment rates, shade
tolerance, and most importantly cold tolerance vesaduated through field trials,
greenhouse trials, and growth chamber trials. W4pgaticable experimental samples
were compared to industry standards to determtheresimilar or improved
performance. The studies revealed several germasmples with differences compared
to industry standards indicating possible incregsfbrmance capabilities. These
findings warrant further investigation and possiDMA testing to determine genetic

differences.
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INTRODUCTION
St. Augustinegrassenotaphrum secundatum (Walt.) Kuntze] is one of the most
popular turfgrass species used for home lawns gjinowt the southern United States
(Busey, 2003). It is believed to be native to efetightly shaded, high rainfall, and
humid regions of coastal South and Central Amerredyding the West Indies
(McCarty, 2011a). This species is adaptable toynsail conditions but does best on
moist, well-drained sandy soils. Irrigation is essary during periods of dry weather

because its drought tolerance is only fair (Emm@a080).

On occasion, USDA Hardiness Zone 7 experiences ydalrought and above
average heat during summer months, followed bywibelerage cold temperatures
during winter months. Often, these conditions eaturf void in shady locations
throughout the landscape. Such areas suffer geetatures become too hot for the
survival of tall fescueHestuca arundineacea Schreb.], a gplant, survival, yet too cold
for the survival of centipedegrads mochloa ophiuroides (Munro) Hack.], a gplant,
survival.

This weather pattern, combined with a growing papah in the upstate of South

Carolina, opens a niche demand for a warm seasng@ss that is cold tolerate enough

to survive below average temperatures in shadeddaw

Upstate South Carolina lies along the Interstated@&dor connecting Charlotte,
North Carolina and Atlanta, Georgia. Atlanta aradeéiyh (north of Charlotte) are among

the top 10 fastest growing cities in America (Fisi2911). For example, Greenville



County, lying along I-85 between Atlanta and Chiéglohas experienced a 70%
population growth since 1990. Such growth ratesatel more housing, more lawns,
thus an increased demand for quality turf. Impnoget of cold tolerance in St.
Augustinegrass would increase the area of adaptatid potential use of this important

turfgrass species (Philley et al., 1998).

Germplasm collection is an effective approach fdtivar development (Li,
2010). For example, tall fescueegtuca arundineacea Schreb. cv. ‘Kentucky 31"), one
of the most popular tall fescue cultivars, and &Rgth’, currently the most cold tolerant
St. Augustinegrass cultivar, were both selectechfptants collected from the field

(Maier et al., 1994a).

The purpose of this study was to evaluate a sustugegrass germplasm
collection from upstate South Carolina for potdrgd production. Comprehensive
evaluations of these plant collections could open npportunities for sod growers to
provide homeowners with a highly shade tolerantmvaeason turfgrass capable of

surviving unusually cold winters in USDA Hardine&sne 7.



ST. AUGUSTINEGRASS $tenotaphrum secundatum (Waltz.) Kuntze]
MORPHOLOGICAL DIFFERENCES
Introduction

It is difficult to prove morphological differencas st. augustinegrass without
field trials to examine morphological stability. Asmeowners demand greater energy
efficiency, demands for better performing, moredghtolerant turfgrass also increase.
Current trends toward energy conservation in handdcaping present problems in
warm-season turfgrass selection since all spec@s hest in full sunlight. As the use of
shade for cooling homes and buildings has incredbedeed for a shade tolerant
turfgrass by homeowners and landscapers has a(Beadd, 1970; Boardman, 1977).

To determine if these st. augustinegrass germpsasnples from upstate, South
Carolina are truly different cultivars than ‘Ralkigr ‘Palmetto’, morphological traits
must first be evaluated. In addition, turf heightl seedhead production differences
would be valuable information for those turf managaterested in cultivars that require
less frequent mowing.

The objective of this study was to determine hesmental germplasm samples
possessed different morphological characteristiaa tndustry standards ‘Raleigh’ and

‘Palmetto’.



Materials and Methods

A field trial was conducted for eight st. augustirass samples, two industry
standard cultivars, ‘Raleigh’ and ‘Palmetto’, alixlexperimental samples. Plots were
located at the Clemson University Cherry Farm ian@on, South Carolina. Plots were
sprayed with glyphosate twice, three weeks aptatrate of 4.48 kg ai Haluring June
2012, plowed and disked, then fumigated with metighmide at 73 kg ai fign July
2012. Plots were 3 x 4.5 m with 0.5 m alleys betwvplots. St. augustinegrass was
established by evenly plugging 7 plugs totalingd® (2.6 ff) per plot. Plots were
fertilized with a 1-1-1 complete fertilizer aftelugging and once a month thereafter
during the growing season. Plots were irrigatedessled to prevent drought stress.
Plots were mown twice per week during the growiegs®n with a 1.52 m pto driven
finishing mower behind a John Deere 955 tractoas&tl cm height. Plots were sprayed
with a postemergent herbicide, Celsius (iodosutiuralicamba + thiencarbozone), at a
rate of 217 g hAas needed to reduce weed competition. Plot adgesmechanically
trimmed monthly to prevent encroachment and contatian from alleys. Plots were not
treated with a fungicide or insecticide. Plotseveovered with wheat straw from

December 2012 through April 2013 to reduce wintendge.



Measurements were taken in July 2013 and July 2014 using five stolons from
each plot to quantify morphological characteristics of leaf width, leaf length, and
internode distance. Measurements were taken at the third internode of each stolon.
Internode distance was measured between the third and fourth internode. Turf height
measurements were taken in July 2013. After removing the wheat straw in April 2012,
plots were left unmown for six weeks. Five height measurements were taken from
randomly selected areas within each plot and measured with a ruler. Visual seedhead
density counts were also taken in July 2013.

Experimental design was a randomized complete block with three replications.
The study was repeated in time. Data were subjected to ANOVA for evaluation of main
effects. Further mean comparisons between grasses were performed using Fisher’'s
protected LSD. Where appropriate, mean comparisons to industry standards were
performed using Dunnett’s test. All comparisons were based -@n=ad.05 significance

level. All analyses were conducted using JMP ver&iod (SAS Institute Inc., Cary, NC).

Results and Discussion

Significant differences leaf width, leaf length, and internode distance occurred
among germplasm samples (Table 1). A grass-by-year interaction also occurred;
therefore data will be presented separately by year for these morphological differences.

Significant differences in turf height and seedhead density also occurred among samples



in 2013. A grass-by-block interaction was detedtedurf height, therefore date will be
presented separately by block (Table 1).

In 2013, grasses ‘A’, ‘E’, and ‘H’ had significapttlifferent leaf widths when
compared to ‘Raleigh’ but only ‘F’ had a signifie¢hndifferent leaf width compared to
‘Raleigh’ in 2014. ‘A’, ‘E’, and ‘G’ had significatly different leaf lengths compared to
‘Raleigh’ in 2013 while ‘E’ and ‘F’ had significalytdifferent leaf lengths compared to
‘Raleigh’ in 2014. ‘E’ was the only grass to shdifferences to ‘Raleigh’ both years.
‘C’, ‘Palmetto’, ‘E’, and ‘G’ had significantly dierent internode lengths compared to
‘Raleigh’ in 2013, while all grasses but ‘G’ hadsificantly different internode lengths
than ‘Raleigh’ in 2014. ‘E’ was the only grasdt@ve a significantly different seedhead
density compared to ‘Raleigh’ in 2013 (Table 2R%bof ‘Raleigh’ plots possessed
seedheads compared to 78% of grass ‘E’ plots (Tgble

In 2013, only grass ‘E’ had a significantly diffatdeaf width compared to
‘Palmetto’ while ‘A’ and ‘C’ had significantly di#érent leaf widths compared to
‘Palmetto’ in 2014. Grasses ‘E’ and ‘G’ had sigrahtly different leaf lengths compared
to ‘Palmetto’ in 2013 while ‘E’ and ‘F’ had signdfantly different leaf lengths in 2014.
‘E’ was the only grass to have significantly ditat leaf lengths than ‘Palmetto’ in both
years. In 2013, only ‘E’ and ‘F’ had similar intexde lengths compared to ‘Palmetto’
while ‘Raleigh’ and ‘G’ were the only grasses towv@aignificantly different internode
lengths than ‘Palmetto’ in 2014 (Table 3).

In 2013, grass ‘C’ was the only grass to have &antly different turf height in

more than one block compared to ‘Raleigh’. ‘A’,,'Bnd ‘G’ also had significantly



different turf heights in one of the three blocksnpared to ‘Raleigh’. Compared to
‘Palmetto’, only ‘C’ and ‘E’ had significantly diéirent turf heights in just one of the three

blocks. All other grasses had similar turf heigbt&Raleigh’ and ‘Palmetto’ (Table 4).

Table 1.3.ANOVA for morphological differences of st. augugigrass germplasm
samples. 2013 and 2014 in Clemson, South Carolina.

Leaf Leaf Internode Turf Seedhead
Source DF  Width Length  Distance Height  Density
2013 & 2014 Combined
Grass 7 * * * - -
Block 2 ns ns ns - -
Year 1 ns * * - -
Grass-by-Year 7 * * * - -
2013
Grass 7 * * * * *
Block 2 ns ns ns * *
Grass-by-Block ns ns ns * ns
2014
Grass 7 * * * - -
Block 2 ns * ns - -
Grass-by-Block 14 ns ns

Abbreviations: ns, not significant.
*Significant ata = 0.05 level.
(-) Not applicable.



Table 1.2DUNNETT for comparing leaf width, leaf length, im@de distance, and
seedhead densities of st. augustinegrass germplasiples to industry standard
‘Raleigh’. 2013 and 2014 in Clemson, South Carolina

Leaf Leaf Internode Seedhead
Industry Width Length Distance Density
Grass Standard (mm) (cm) (cm) (%)
2013
A Raleigh * * ns ns
C Raleigh ns ns * ns
Palmetto Raleigh ns ns * ns
E Raleigh * * * *
F Raleigh ns ns ns ns
G Raleigh ns * * ns
H Raleigh * ns ns ns
2014
A Raleigh ns ns * -
C Raleigh ns ns * -
Palmetto Raleigh ns ns * -
E Raleigh ns * * -
F Raleigh * * * -
G Raleigh ns ns ns -
H Raleigh ns ns * -

*Significant ata = 0.05 level.
Abbreviation: ns, not significant.
(-) Not applicable.



Table 1.3DUNNETT for comparing leaf width, leaf length, im@de distance, and
seedhead densities of st. augustinegrass germpkasiples to industry standard
‘Palmetto’. 2013 and 2014 in Clemson, South Cagolin

Leaf Leaf Internode Seedhead
Industry Width Length Distance Density
Grass Standard (mm) (cm) (cm) (%)
2013
A Palmetto ns ns * ns
Raleigh Palmetto ns ns * ns
C Palmetto ns ns * ns
E Palmetto * * ns ns
F Palmetto ns ns ns ns
G Palmetto ns * * ns
H Palmetto ns ns * ns
2014
A Palmetto * ns ns -
Raleigh Palmetto ns ns * -
C Palmetto * ns ns -
E Palmetto ns * ns -
F Palmetto ns * ns -
G Palmetto ns ns * -
H Palmetto ns ns ns -

*Significant ata = 0.05 level.
Abbreviation: ns, not significant.
(-) Not applicable.



Table 1.4. DUNNETT for turf height measurementstofiugustinegrass germplasm
samples compared to industry standard ‘Raleighy. 4013 in Clemson, South Carolina.

Turf Height
Grass Industry Standard (in)
2013
Block 1 Block 2 Block 3
A Raleigh * ns ns
Raleigh Raleigh ns ns ns
C Raleigh * * ns
E Raleigh ns ns ns
F Raleigh ns * ns
G Raleigh ns * ns
H Raleigh ns ns ns
A Palmetto ns ns ns
Raleigh Palmetto ns ns ns
C Palmetto ns ns *
E Palmetto ns * ns
F Palmetto ns ns ns
G Palmetto ns ns ns
H Palmetto ns ns ns

*Significant ata = 0.05 level
Abbreviation: ns, not significant

10



Table 1.5.Leaf width, leaf length, internode distance, aneblbead densities of st.
augustinegrass germplasm samples. 2013 and 2@lénmson, South Carolina.

Leaf Width  Leaf Length Internode Distance Seedhead Density
Grass (mm) (cm) (cm) (%)
2013
A 6.20 2.30 5.5 80
Raleigh 7.00 2.87 5.18 53
C 6.60 2.50 4.25 53
Palmetto 6.80 2.75 6.39 61
E 5.90 1.99 6.20 78
F 6.36 3.23 5.86 76
G 6.43 4.31 2.88 50
H 6.26 2.58 5.13 71
LSDo.o¢ 0.51 0.39 0.51 17.8
2014
A 7.03 2.74 5.25 -
Raleigh 6.60 2.58 3.77 -
C 7.10 2.65 5.24 -
Palmetto 6.17 2.60 5.44 -
E 6.00 2.08 5.19 -
F 5.67 1.92 5.60 -
G 6.17 2.39 3.22 -
H 6.23 2.54 5.32 -
LSDo.05 0.49 0.35 0.60 -

(-) Not applicable.

11



Table 1.6. Turf height measurements of st. augustinegrass germplasm samples. July 2013
in Clemson, South Carolina.

Turf Height
Grass (in)
2013

Block 1 Block 2 Block 3
A 5.60 7.80 9.80
Raleigh 9.00 7.80 7.80
C 4.80 5.00 5.40
Palmetto 6.80 5.40 8.80
E 9.60 8.00 9.00

F 7.20 4.80 10.60
G 6.60 5.00 6.60
H 8.40 7.80 7.20
LSDg oe 2.35 1.85 2.24

Conclusions
‘A’ was different than ‘Raleighi in four morphologicatraits & leag once

throughot the stug/ and differert than ‘Palmettoin two morphologicktraits & least
once throughotithe study ‘C’ was differert than ‘Raleigh in two morphologicktraits
at leag onee throughotithe stug¢ ard differert than ‘Palmettoin three morphological
traits & leag once throughotithe study ‘E’ was differen than ‘Raleigh i n four
morphologicatraits & leas once throughotithe stug and differert than ‘Palmettoin
three morphologicdtaits at leasbnce throughout the study. ‘F’ was differéman
‘Raleigh’ in one morphologicatait at leasbnce throughout the study and differérdn
‘Palmetto’in one morphologicatrait at leasbnce throughout the study. ‘G’ was
differentthan ‘Raleigh’in three morphologicdtaits at leasbnce throughout the study
and differenthan ‘Palmettoin two morphologicatraits at leasbnce throughout the

study. ‘H’ was differenthan ‘Raleigh’in two morphologicatraitsat least once

12



throughout the study and different than ‘Palmetto’ in one morphological traits at least

once throughout the study.

These findings support preliminary work done on these germplasm samples that
express the possibility they may be different cultivars. Differences in morphological
characteristics is one tool used to determine differences between cultivars. Further
research is needed to prove this claim, however, this study justifies further testing such as

DNA assays to determine if these grasses are truly different.

13



ST. AUGUSTINEGRASS ESTABLISHMENT RATES, GRAY LEAF SPOT,

AND CHINCH BUG SUSCEPTIBILITY

Introduction

St. augustinegrass is one of the most popular turfgrass species used for home
lawns throughout the southern United States (Busey, 2003). Propagation is primarily
vegetative by plugs or sod as few seedheads are formed. St. augustinegrass has strong,
thick stolons, course leaf texture, and produces a turf of medium density. Recuperation is
good because of the aggressive stolons, but wear tolerance is only fair. Salt tolerance is
very good (Emmons 2000). The maintenance requirement is medium, though the grass
has a vigorous growth rate while moderate fertilization is necessary. St. augustinegrass is
maintained at a height of 3.8 cm — 7.6 cm (1.5 to 3 inches) with either a reel or rotary
mower. St. augustinegrass decline (SAD), a disease caused by a virus, is a potential
problem; however southern chinch biBsssus insularis Barber)can cause extensive
injury as can gray leaf spot disedsaused by Pyricularia grisea Cooke) (Emmons

2000).

The sod industry is an important sector of the South Carolina turfgrass industry.
There are many commonly produced cultivars of St. Augustinegrass, which show
different physiological and morphological responses. The sod industry demands new st.

augustinegrass cultivars with pest resistance and quicker establishment rates.

14



The objective of this study was to determine ifexmental samples from
Clemson’s germplasm collection of st. augustinegrass possessed increased establishment
rates or pest resistance over current industry standards ‘Raleigh’ and ‘Palmetto’.
Comprehensive evaluations of these plant collections could open new opportunities for

turf managers and homeowners.

15



Materials and Methods

Three field trials were conducted for eight st. augustinegrass samples, two
industry standards, ‘Raleigh’ and ‘Palmetto’, and six experimental samples from a
germplasm collection at Clemson University. Trial 1 was conducted between August 3
2012 and July 14 2014. Trials 2 and 3 were conducted between Julyl 2013 and July 14
2014. Plots were sprayed with glyphosate twice, three weeks apart, at a rate of 4.48 kg ai
ha' during June 2012, plowed and disked, then fumigated with methyl bromide at 73 kg
ai ha'in July 2012. Trial 1 plots were 3 x 4.5 m with 0.5 m alleys between plots. St.
augustinegrass was established by evenly plugging 7 plugs totaling t(24 iif) per
plot. Trial's 2 & 3 plots were 1 x1 m with 0.5 m alleys and established with one plug per
plot measuring 10.8 cm in diameter. Plots were fertilized with a 1-1-1 complete fertilizer
after plugging and once a month thereafter during the growing season. Plots were
irrigated as needed to prevent drought stress. Plots were mown twice per week during the
growing season with a 1.52 m pto driven finishing mower behind a John Deere 955
tractor set at 5.1 cm height. Plots were sprayed with a postemerge herbicide, Celsius
(iodosulfuron + dicamba + thiencarbozone), at a rate of 217 ghaeeded to reduce
weed competition. Plot edges were trimmed monthly with a weed eater to prevent
encroachment and contamination. Plots in all three trials were not treated with a fungicide
or insecticide.

Density counts were taken weekly and quantified by placing a 3 x 4.5 m 150
square grid with 30 x 30 cm centers within each plot, for trial 1, and a 1 x1 m 36 square

grid with 16 x 16 cm centers within each plot for trials 2 & 3. Grid squares containing st.
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augustinegrass were denoted as a ‘hit’ and counted. Establishment percentage was
calculated as number of hits divided by number of squares in the grid ((total hit/total
squares) x 100). Binomial counts for gray leaf spot and chinch bugs were also taken in
trial 1. If visual symptoms were present a hit was recorded.

After the final density count for trial 1 in 2012, all plots were covered with wheat
straw. Six square bales weighing approximately 18 kg each were evenly spread over trial
1. This was to ensure survival of plots through initial winter to continue growth and
density counts the following year. Trial 1 remained covered in wheat straw from
December 3 2012 through April 22 2013. Density counts resumed following the straw
removal.

Experimental design was a randomized complete block with three replications.
Treatments were arranged in a single factor design (grass samples) with 8 levels. The
study was replicated with 3 trials during the same timeframe. Data were subjected to
ANOVA for evaluation of main effects and interaction between factor levels. Where
appropriate, mean comparisons between factor levels were performed using Fisher’'s
protected LSD. Also where appropriate, further mean comparisons between industry
standard grasses were performed using Dunnett’s test. All comparisons were based on an
a = 0.05 significance level. All analyses were castdd using JMP version 10 (SAS

Institute Inc., Cary, NC).
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Results and Discussion

St. augustinegrass samples had similar establishment rates throughout trial 1
(Table 1). All samples also had similar susceptibility to gray leaf spot. No chinch bug
damage was observed during trial 1. An establishment-by-week interaction occurred
most weeks as expected as densities of each sample increased over time.

The samples maintained steady growth through September each year. No winter
damage was seen the following spring of 2013. Plots remained green in color throughout
the winter and continued to grow. It should be noted that no significant growth occurred
in 2013 until week 43 (table 2). Although days often reach into the 80’s (°F) during the
late spring, cool night temperatures can prevent warm-season turf from growing
aggressively.

By the end of August 2013 all samples were roughly 95% establishimbk
these st. augustinegrass samples approximately 56 weeks to reach 95% established.
Ideally, one would like to begin the ‘grow-in’ process at the start of summer rather than
the end (June 1 vs. August 3However, based on this study, a sod grower could
anticipate spending more than one growing season establishing a field of st.
augustinegrass to be harvested as sod.

Although growth ceased towards the end of October 2012, all samples still held
their green pigment through the first of Decemb&s.a homeowner, this would be an
attractive advantage of st. augustinegrass over other warm-season grasses, such as

bermudagrass which typically tendsése its color muckarlier in the fall.
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Both industry standards and all experimental sasWkre susceptible to gray leaf spot at
the same time. Once plots became infested, syngtemained throughout remainder of
the growing season (Table 3). GLS was first ndtidering the beginning of September
2012 (week 6). In 2013, GLS was first recordedrduthe June (week 47). Extensive
irrigation and fertilization during early stagesestablishing turf could have led to
increased disease pressure. Also, afternoon tihstodes in the summer lead to
excessive hours of leaf moisture. With night terapees on the rise, this combination
can also lead to an increase in disease pressusega during June of 2013.

The winter of 2013-2014 plots were left uncovenatike the previous winter. A
final establishment rating was taken on July 142@eek 102). This data was
analyzed separately because of being uncoveredlowevinter. All grass samples were
similar in establishment percentage upon conclusfahe trial (table 4).

All st. augustinegrass samples had a significdotier establishment percentage in July
2014 compared to July 2013 (Figure 1). Based esdliindings, it appears a difficult
task for sod growers to maintain established gjustinegrass fields in USDA Zone 7
during cold winters such as the winter of 2013-2@4#n st. augustinegrass is
unprotected.

Grass samples in trials 2 and 3 have statistichffgrent establishment
percentages (Table 6). An interaction betweenstaédo occurs, therefore mean
establishment percentages were analyised sepabgtéiyal (Table 6). The weekly
ratings were pooled across the studies as no eliféers in establishment-by-week

occurred.
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Trial 2 had a mean establishment percentage of\&2filé Trial 3 had a mean
establishment percentage of 32.3% (Table 7). mbease in established turf in Trial 3
seems logical as it was located on the low endriad T. Trial 3 probably retained
greater soil moisture than Trial 2, which was ledabn the high side of Trial 1.

In Trial 2, ‘E’ and ‘H’ had greater establishmemrpentages than ‘G’, yet were still
similar to all other samples. In Trial 3, ‘H’ hadgreater establishment percentage than
‘C’ or ‘Palmetto’, and ‘C’ also had a lower estabiment percentage than ‘A’. All other
samples had similar establishment percentagesd€ Bbl

When experimental samples were compared backndatds ‘Raleigh’ and
‘Palmetto’, using Dunnett’s test, all samples hiadilar establishment rates (Table 9 &
Table 10).

Trials 2 & 3 were established July 1, 2013 andueftovered during the winter of
2013-2014, similar to Trial 1. Because plots i12@id not undergo a winter season, the
final rating was analyzed separately. Data frorh lb@ils were pooled together as no
trial interaction was observed. All samples hailgir establishment percentages on the
final rating date, July 14, 2014 (Table 11).

All samples had less than a 12% establishment p&xge on the final rating, July
14, 2014. Unlike Trial 1, Trial's 2 & 3 had jusaq of one growing season to establish
before going into winter uncovered. More wintem@age was sustained by these
immature, un-established plots. This supportgthetice of growing well established

turf before the onset of winter.
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Similar to Trial 1, Trial's 2 & 3 suffered signifimt winter damage during 2013 — 2014
(Figure 2). Figure 2 provides similar results aguFe 1 and supports the conclusion that
growing st. augustinegrass in open areas in USDAeZowill be difficult if left

unprotected from winter temperatures.

Table 2.4. ANOVA for establishment, gray leaf spot damage &ch bug damage of st.
augustinegrass germplasm samples in trial 1. 2@0DA3 in Clemson, South Carolina.

Source DF Establishment (%) Gray Leaf Spot  Chinoh B
August 2012 — September 2013
Grass 7 ns ns ns
Week 27 * * ns
Block 2 * ns ns
Grass-by-Week 189 ns ns ns
Grasses-by-Block 14 ns ns ns

Abbreviations: ns, not significant
*Significant ata = 0.05 level.
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Table 2.2.Least square means for establishment by week of st.
augustinegrass germplasm samples in trial 1.
2012 — 2013 in Clemson, South Carolina.

Date Week Establishment (%)
August 2012 — September 2013

8/3/12 0 0.5
9/10/12 6 32.8
9/17/12 7 37.7
9/24/12 8 40.6
9/30/12 9 42.5
10/5/12 10 43.9
10/11/12 11 45,5
10/18/12 12 46.8
10/29/12 14 48.5
11/5/12 15 49.0
11/12/12 16 49.2
11/19/12 17 49.9
11/26/12 18 49.6
12/3/12 19 49.3
4/22/13 38 50.5
4/30/13 39 51.3

5/6/13 40 51.9
5/15/13 42 52.6
5/21/13 43 55.8
5/28/13 44 59.5
6/11/13 46 70.4
6/19/13 47 75.9
6/27/13 48 80.1
7/16/13 50 85.5

8/2/13 52 88.6
8/29/13 56 93.3
9/19/13 59 93.7
9/27/13 60 945

LSD g0t 4.1
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Table 2.3.Gray leaf spot counts by week of st. augustinegrass
germplasm samples in trial 1.
2012 - 2013 in Clemson, South Carolina.

Date Week Count
August 2012 — September 2013
8/3/12 0 -
9/10/12 6 *
9/17/12 7 *
9/24/12 8 *
9/30/12 9 *
10/5/12 10 *
10/11/12 11 *
10/18/12 12 *
10/29/12 14 *
11/5/12 15 *
11/12/12 16 *
11/19/12 17 *
11/26/12 18 *
12/3/12 19 *
4/22/13 38 -
4/30/13 39 -
5/6/13 40 -
5/15/13 42 -
5/21/13 43 -
5/28/13 44 -
6/11/13 46 -
6/19/13 47 *
6/27/13 48 *
7/16/13 50 *
8/2/13 52 *
8/29/13 56 *
9/19/13 59 *
9/27/13 60 *

Binomial counts.
Weeks with ) contained GLS damage, weeks with (-) containedaroage.
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Table 2.4. ANOVA for establishment of st. augustinegrass gedasip samples in trial 1.
2014 in Clemson, South Carolina.

Source DF Establishment (%)
July 14, 2014
Grass 7 ns
Block 2 ns
Grasses-by-Block 14 ns

Abbreviations: ns, not significant
*Significant ata = 0.05 level.

Table 2.5.Least square means for establishment of st. amgggtiss germplasm
samples in trial 1. 2014 in Clemson, South Carolina

Grass Establishment (%)
July 14, 2014
A 52
Raleigh 62
C 67
Palmetto 61
E 71
F 69
G 55
H 70
LSD g0 22.5
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Figure 2.1. Comparing mean establishment ratealgf2D13 and July 2014 following

winter of 2013-2014.
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Table 2.6. ANOVA for establishment of st.
augustinegrass germplasm samples in trial's 2 & 3.
2014 in Clemson, South Carolina.

Source DF Establishment (%)
_ September 2013
Trial 1 ns
Grass 7 *
Week 1 ns
Block 2 ns
Trial 1 *
Grass-by-Week 7 ns
Grass-by-Block 14 ns
Grass-by-Trial 14 ns

Abbreviations: ns, not significant
*Significant ata = 0.05 level.
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Table 2.8.Least square means for establishment of st. angggsass
germplasm samples in trial's 2 & 3. 2014 in Clems®outh Carolina.

Grass Establishment (%) Establishment (%)
September 2013
Trial 2 Trial 3
A 27.8 ab 38.8 ab
Raleigh 27.3 ab 29.6 abc
C 22.7 ab 25.5¢
Palmetto 25.7 ab 27.0 bc
E 34.3a 35.3abc
F 29.8 ab 33.3 abc
G 16.7b 29.5 bc
H 31.3a 39.3a
LSD g.0: 13.2 9.8
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Table 2.9DUNNETT's test for establishment of st.
augustinegrass germplasm samples in trial's 2 & 3.
2014 in Clemson, South Carolina.

Industry
Grass Standard Establishment (%)
Trial 2
A Raleigh ns
C Raleigh ns
Palmetto Raleigh ns
E Raleigh ns
F Raleigh ns
G Raleigh ns
H Raleigh ns
Trial 3
A Raleigh ns
C Raleigh ns
Palmetto Raleigh ns
E Raleigh ns
F Raleigh ns
G Raleigh ns
H Raleigh ns

Abbreviations: ns, not significant
*Significant ata. = 0.05 level.
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Table 2.10DUNNETT’s test for establishment of st.
augustinegrass germplasm samples in trial's 2 & 3.
2014 in Clemson, South Carolina.

Industry
Grass Standard Establishment (%)
Trial 2
A Palmetto ns
Raleigh Palmetto ns
C Palmetto ns
E Palmetto ns
F Palmetto ns
G Palmetto ns
H Palmetto ns
Trial 3
A Palmetto ns
Raleigh Palmetto ns
C Palmetto ns
E Palmetto ns
F Palmetto ns
G Palmetto ns
H Palmetto ns

Abbreviations: ns, not significant
*Significant ata. = 0.05 level.
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Table 2.11.ANOVA for establishment of st.
augustinegrass germplasm samples in trial's 2 & 3.
2014 in Clemson, South Carolina.

Source DF Establishment (%)
July 14, 2014
Trial 1 ns
Grass 7 ns
Block 2 ns
Grass-by-Block 14 ns
Grass-by-Trial 7 ns

Abbreviations: ns, not significant
*Significant ata. = 0.05 level.

Table 2.12.LEAST SQUARE MEANS TABLE

for establishment of st. augustinegrass germplasm
samples in trial's 2 & 3. 2014 in Clemson, South
Carolina.

Grass Establishment (%)
July 14, 2014

A 4
Raleigh 5

C 2
Palmetto 3

E 6

F 6

G 6

H 12

LSD 16.5
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Figure 2.2. Comparing mean establishment rategptetnber 2013 & July 2014

following winter of 2013-2014.
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Conclusion

Sod growers are interested in establishment rdtesfe to help determine the
length of time expected to harvest a crop. Frasidtudy, the experimental samples
established in a similar amount of time compareavi@ilable industry standard cultivars.
Therefore, no extra delays in time could be exmkfiiea grower if they chose to
establish a crop of sod from one of these experiahdines.

All samples held their color through the first cd&@mber. For homeowners, this
would be an attractive advantage of a st. augugi@ss cultivar over another warm-
season grass which typically loses color mucherarnii the fall.

Figure 1 tells the take home message of this stuolyever. Even though these
samples appear to grow at the same rates, leftverned or unprotected over winter in an
open field, even after a crop reaches maturityeiedamage over winter could delay

harvests, create additional imput costs, thus tieguh an unprofitable field of sod.

32



ST. AUGUSTINEGRASS $tenotaphrum secundatum (Waltz.) Kuntze] RESPONSE TO
REDUCED LIGHT ENVIRONMENTS
Introduction
Shade is a major issue for turfgrass managerdhadesenvironment can be
particularly challenging to warm-season turfgrassdsch have inherently higher light

compensation points relative to cool-season gragsssd, 1973).

St. augustinegrasS&tenotaphrum secundatum (Walt.) Kuntze] is considered one
of the most shade-tolerant warm-season turfgrassesp(Beard, 1973; Stier and
Gardner, 2008), and one of the most popular tusiyspecies used for home lawns
throughout the southern United States (Busey, 20®0®pagation is primarily vegetative
by plugs or sod as few seedheads are formed.u@istinegrass has strong, thick
stolons, course leaf texture, and produces a furfealium density. Recuperation is good
because of the aggressive stolons, but wear taeraronly fair. Salt tolerance is very
good (Emmons 2000). The maintenance requiremenédium, though the grass has a
vigorous growth rate while moderate fertilizati@miecessary. St. augustinegrass is
maintained at a height of 3.8 cm — 7.6 cm (1.5 lacBes) with either a reel or rotary
mower. St. augustinegrass decline (SAD), a diseaisged by a virus, is a potential
problem; however southern chinch biBsssus insularis Barber)can cause extensive
injury as can gray leaf spot disedsaused byyricularia grisea Cooke) (Emmons

2000).
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Previous research has identified typical turf responses to shaded environments
(Trenholm and Nagata, 2005Morphological characteristics include longer leaf length
(Wilkinson and Beard, 1974), longer internode lengths (Peacock and Dudeck, 1981,
Winstead and Ward, 1974), reduced clipping weights (Barrios et al., 1986; Wilkinson and
Beard, 1974), and increased leaf area (Beard, 1973; Peacock and Dudeck, 1981).
Reduced tillering and stand density are also typical responses to shaded conditions
(Beard, 1973; Schmidt and Blaser, 1967; Winstead and Ward, 1974). Physiological
changes generally include greater chlorophyll concentration (Beard, 1973; Winstead and
Ward, 1974), although Peacock and Dudeck (1981) noted shade did not affect the
chlorophyll content of various st. augustinegrass cultivars. They also saw differences in
shoot growth between cultivars under shaded conditions, which may have contributed to
lower chlorophyll content. Barrios et al. (1986) noted turfgrass quality generally declined
as shade increased, particularly under seviérmwledge of what cultivar might perform
best under shade is an important issue for builders, landscape designers, and

horticulturists (Trenholm, 2005).

There are many commonly produced cultivars of st. augustinegrass, which show
different physiological and morphological responses to shade. Peacock and Dudeck
(1981) reported that ‘Bitter Blue’ st. augustinegrass performed best in shade. Trenholm
and Nagata (2005) and Cai (2011) reported best shade tolerance in dwarf cultivars of St.
Augustinegrass and optimal turf performance at 30% shade compared with 0%, 50%, or

70% in all cultivars.
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Dudeck and Peacock (1981) stated shade adaptdtaotudgrass ground cover is
influenced by a complex of microclimatical, pathgitmal, and physiological responses.
Primary factors involve: reduced irradiance; treeticompetition for nutrients and water,
microclimate that favors disease activity; succtigass tissue; and, reductions in shoot
density, root growth, and carbohydrate reserveanf@el 965, 1973; Schmidt & Blaser,

1967; Wilkinson et al., 1975).

Plants which adapt to shade environments do sodeyrdbination of
physiological or morphological adaptations (Leop&l&riedmann, 1975). Plants
capable of shade adaptation develop a higher phemoical efficiency, which is
expressed by a steeper slope in the early phaghbsiofight response curves. Boardman
(1977), however, concludes no one factor is theg@ry cause of altered photosynthetic
capacity. Wilkinson et al. (1975) concluded thetolsynthetic respiratory balance is a
critical factor in shade adaptation. For a plangurvive, net photosynthesis must exceed

respiration (Waddington, 1992).

Dudeck and Peacock (1981) discussed cultural pesctor shaded areas which
include: Raising mowing heights as high as posshf@ovide maximum leaf area for
absorption of limited radiant energy and to incestasfgrass rooting depth which and
helps maintain turf density. Irrigation shoulddgplied only when turf shows signs of
stress, including folded leaf blades, blue-grayrcolerall, and footprints or wheel
marked impressions due to loss of turgor. Watepbeto promote deep rooting of turf

as shallow, light, and frequent irrigations enhandisease activity and encourages
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development of shallow root systems. Excessiverhization should be avoided as this
encourages shoot growth over root growth whichgdacfurther stress on carbohydrate
reserves. Excessive N also increases tissue sunoeuwhich again increases disease
susceptibility and decreases ability of turf tohgtand environmental stress. Minimize
traffic in shaded areas since wear tolerance igaedl As disease pressure often
increases on shade-grown turf, fungicide use mayelkéded if that occurs (Waddington,

1992).

Only limited published information exists pertaigito comparative shade
tolerance of st. augustinegrass (Wherley et al3R0In recent years, newer cultivars
with reportedly improved shade tolerance such aséAshade’ and ‘Captiva’ have been
developed (Brosnan and Deputy, 2008; Trenholm agaorthy, 2009); however, data
on their comparative shade tolerance in relatiooth@r commercially available cultivars

are lacking (Wherley, 2013).

Current trends toward energy conservation in handdcaping present problems
in warm-season turfgrass selection (Beard 1970rdoan 1977). It is not uncommon
for builders of homeowners to attempt to estallisfgrasses in densely shaded
environments (Wherley et al. 2013). Determinind aamparing shade limits for
currently available cultivars along with new expegntal lines is necessary information

for turf managers and homeowners.

The purpose of this study was to evaluate shaéeatote of a St. Augustinegrass

germplasm collection from upstate South Carolineluding commercial cultivars
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‘Raleigh’, ‘Palmetto’ and ‘Palisades’ zoygifoysia japonica Steud.). Comprehensive
evaluations of these plant collections could openw npportunities for turf managers and

homeowners.

Materials and Methods

In 2006, a germplasm collection was establishet saimples from thirty St.
Augustinegrass lawns grown in USDA Hardiness Zandlese samples, along with
commercial standards, ‘Raleigh’ and ‘Palmetto’, evestablished by plugs under natural

low light (~50% full sunlight) conditions in Clemsp8outh Carolina.

In June of 2012, plugs from the top six performgngsses, along with ‘Raleigh’
and ‘Palmetto’, were collected and transplanted 2% plastic trays (53 x 38 x 8 cm),
filled with river sand, using four, 5 cm, plugs peay. Trays were transported to
Clemson University’s Greenhouse Facility and grdamlL2 months at 25 $0°C. Once

established, shade studies were conducted forefueialuations.

Two 8-week experiments were conducted at ClemsawetBity’s Greenhouse
Research Complex during 2013. Study 1 was conddcten 7 June 2013 to 2 August
2013. While study 2 was conducted from 18 Noven20d:3 to 6 January 2014.
Greenhouse temperatures averaged 31°C/22°C (datyfog study 1. For study 2

greenhouse temperatures averaged 26°C/20°C (dht)nig
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Grass samples were established from 10 cm diam&em deep, round cup
cutter plugs from previously established trays ibbocm diameter x 11 cm deep round
pots filled with a potting soil medium (Faford 3B«pConcord Faford Inc., Agawam,
MA). Pots were fertilized at 25 kg N/ha on a thvesek interval with a 1-1-1 complete
fertilizer, watered every other day to field cappcand mowed at 5.5 cm twice weekly
until all grasses attained ideal turf quality amahsity. This length of pre-treatment
grow-in period required to reach ideal canopy dgnsas 6 weeks for study one and 10
weeks for study 2. Natural sunlight and day lerggéine used during the greenhouse

establishment phase.

Shade treatment structures were constructed to&teaihe response of
experimental and commercial lines of st. augustiaegto four levels of a reduced light
environment (RLE): 0, 30, 50, and 70%. Two shddectures of each RLE level were
constructed.

Light reduction of each shade cloth was determimedomparing photosynthetic
photon flux (PPF) (umol s?) under the shade cloths at soil level to fulldiemce PPF
measurements with a LI-28663 quantum light sens@uaf, Inc., Lincon, NE) [(PPf
sun— PPFinder shade cloMP P Fui sun] % 100.

Reduced light environments were applied contingousing neutral density,
poly-fiber black shade cloth (model SC-black30, I8&ck50, SC-black70; International
Greenhouse Company, Danville, IL) that removed kgounts of light across the
photosynthetically active light spectrum. Indivadshade cloth tent frames were 1 x 1 m

and constructed with 5.3 cm diameter polyvinyl ctde (PVC) pipes. Shade cloths were
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attached to PVC frames with zip-ties and pulled taumaintain shade cloths at a
consistent height above the soil surface and maictansistent surface temperature and
air movement among all treatments.

Underneath each shade structure, pots were arramgecbmpletely randomized
design with four replications per treatment (shdeegl with nine different grass samples
totaling 36 pots per treatment (shade) level. Egumbers of pots were placed under
each shade structure with two shade structuresgmment (shade) level. A 20 cm
buffer around the perimeter was used to reducenpatdorder effects during the study.
Pots were re-randomized every two weeks when mivege taken and mown to avoid
localized environmental conditions.

Photoperiod in the greenhouse was extended tovlitht1000-W lamps (300
pmol m2 st light intensity) located approximatelyn2ters above the turf canopy for
study two to provide similar photoperiod lengthstisdy one. Irrigation was maintained
as needed to meet evapotranspiration at the vasyiade levels throughout the
experiment. At study initiation, pots were trimmeattically to a height of 5.5 cm as well

as laterally back to the original 15 cm diametergipe.

Morphological ratings of leaf width, leaf lengtmdiinternode distance were
evaluated every two weeks. The average distantteedfvo longest leaves from the soil
surface to the tip were measured from each pdefagth and measured mid-way up the
length of the leaf for width using a ruler. Intedeodistance was measured using the
average of two longest stolons growing to the tmtdrnode past the pot edge. The

distance between the second and third internodeneasured. Daily leaf elongation
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rate (mnd™?) was calculated by subtracting height of cut fieaf length and divided by
number of days since previous mowing before detangidaily leaf elongation rate

(mmd?). After measurements, pots were trimmed backitpral 5.5 cm height.

Visual turf quality and turf density was evaluataaeery two weeks usinga 1to 9
scale, where 1 = dead turf, 6 = minimally acce@ajulality, and 9 = perfect green turf.
Clipping weights were calculated monthly (weeks 8)& Pots were trimmed to original
5.5 cm height, clippings were collected, dried48h at 60°C, then weighed (g). Root
weights were collected upon conclusion of studiReots were removed from pots,
clipped below thatch, washed and sieved to remayeattached soil, dried for 48h at

60°C, then weighed.

For study 2, chlorophyll content was measured muyirftheek 4 & 8) using a
chlorophyll meter (Field Scout CM 1000; SpectruncAmologies, Inc., Plainfield, IL),
which measured ratios of reflected red and farligdd to calculate relative chlorophyli
content, or greenness. The output is a unitlegsxiof chlorophyll content on a scale of
0 to 999 (Bunderson et al. 2009). Two measuremeets taken per pot and averaged.
All measurements were taken between 1200 and 1#@hpots removed from shade

structures. Measurements were taken with the mMetgirom turf surface.

Data were analyzed using PROC MIXED repeated measmralysis. Means
separation procedures were performed by Fisheotepied LSD. All comparisons were

based on an = 0.05 significance level and conducted using $ASion 9.3 (SAS
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Institute Inc., Cary, NC). Final (week 8) data vpassented to provide comparison of

experimental lines and commercially available valts.
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Results and Discussion

Visual Ratings. At all RLE’s (0, 30, 50, & 70%), differences waret seen among
commercial cultivars and experimental lines foafiturf quality (Tables 1-4) as all
entries maintained acceptable quality levels (grethian 6). Final turf density scores had
a similar trend as no differences were found betvesdgries at any RLE. At 70% RLE
(heavy shade), experimental line ‘E’ and experiraklirte ‘F’ numerically has turf

density values below acceptable levels but stediltyi weren’t significant. Visually,
experimental lines collected from USDA Hardiness&d@ performed comparable to
current commercially available cultivars ‘Palmettmid ‘Raleigh’ as well as ‘Palisades’

zoysia.

Morphological Ratings. 0% RLE All st. augustinegrass entries measunedasi leaf
widths, between 7.0 — 8.4 mm (Table 1). As exgbda# st. augustinegrass entries were
statistically different from ‘Palisades’ leaf widtli 3.6 mm. A similar trend was seen for
leaf elongation rate. All st. augustinegrass estprovided a similar elongation rate
between 1.3 — 2.7 mdi* compared to 4.8 mui’ elongation rate of ‘Palisades’.
Internode distance for experimental ‘A’ (4.5 mm)snggnificantly longer than

experimental ‘G’ (2.1 mm) but similar to all othemtries.

30% RLE All st. augustinegrass entries had sinidaf widths between 7.6 — 8.6 mm
and again significantly wider than ‘Palisades’ 2ay8.5 mm) (Table 2). All st.
augustinegrass entries provide a similar elongatitmbetween 4.0 — 2.3 .

‘Palisades’ had a leaf elongation rate of 6.0-dTmwhich was different from four
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experimental (‘A’, ‘C’, ‘F’, & ‘G’) and one commeral (‘Palmetto’) st. augustinegrass
entries. The lack of stolons with & Biternode past the edge of the pot failed to geeera

internode distance ratings in the 30% RLE.

50% RLE All st. augustinegrass entries had sinidaf widths between 6.8 — 8.2 mm,
again, significantly wider than ‘Palisades’ zoy§&a4 mm) (Table 3). All entries had
similar leaf elongation rates between 2.9 — 7.1 niixperimental line ‘F’ had a longer
internode distance (6.3 cm) than experimental [i6€¢3.2 cm) and ‘G’ (2.6 cm) as well
as commercial cultivar ‘Raleigh’ (3.5 cm). Thesarfentries were the only entries to

produce measurable stolons with'&ifternode past the pot edge at 50% RLE.

70% RLE All st. augustinegrass entries had sinidaf widths between 7.0 — 8.4 mm,
again significantly wider than ‘Palisades’ zoys3ad(mm) (Table 4). All entries had
similar leaf elongation rates between 4.4 — 7.1dtmSimilar to 30% RLE, insufficient

stolon lengths prevented internode distance ratn@9% RLE.

Overall increased leaf elongation rates from 0% RLF0% RLE supports
previous research stating shaded environmentstiedohger leaf lengths (Wilkinson
and Beard, 1974). Experimental entry ‘F’s intadealistance increase from 0% RLE to
50% RLE also supports previous research that shaadconments increase internode
distances (Peacock and Dudeck 1981). In the f®ldugustegrass would generally be
mowed with greater frequency and perhaps at a higkight, however, this study was
designed to maximize differences to shade respamesg entries. A 14-d clipping

interval was also used by Trenholm and Nagata (Rd0&creening st. augustinegrass
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cultivars for shade tolerance. It is plausible thgreater clipping frequency could have
potentially resulted in somewhat improved qualityplants in this study, as greater

frequency of mowing can promote increased tillefiBgard, 1973; Bell, 2011).

Shade tolerance indicators. Clipping weights, root weights, and chlorophyhtent
were all measured for indicators of shade tolera®te0% RLE (Table 1), clipping
weights and root weights were similar for all eeérranging from 2.3 - 3.1 g and 8.6 —
10.9 g, respectively. Five experimental entri€s,(‘E’, ‘F’, ‘G’, & 'H’) and both
commercial cultivars (‘Raleigh’ & ‘Palmetto’) hadhslar chlorophyll content readings,
measuring from 276.8 — 384.3 chlorophyll contenex (CCIl). Experimental entry ‘A’
(192.8) and ‘Palisades’ zoysia (188.0) had a sicgnitly lower CCI than experimental
‘F’ (384.3) and experimental ‘C’ (337.8). At 30%)%, & 70% RLE (Table 2, 3, & 4),
clipping weights, root weights, and chlorophyll temt were similar for all entries. At
30% RLE, clipping weights ranged from 1.8 — 2.3lglevroot weights ranged from 7.3 —
8.8 g. Chlorophyll content ranged from 262.5 —.836CI. At 50% RLE, clipping
weights ranged from 1.4 — 2.2 g, root weights ranfgem 7.4 — 8.8 g. Chlorophyll
content ranged from 141.3 — 332.0 CCI. At 70% Rdtlpping weights ranged from 0.9
— 1.5 g and root weights ranged from 6.0 — 11.@plorophyll content ranged from
167.8 — 225.8 CCIl. Among these parameters evapetmsiderable variability existed

but experimental lines still performed comparableammercially available cultivars.
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Table 3.1.Final st. augustinegrass parameter measuremengs noghade [0% reduced light environment (RLE)]

No Shade (0% RLE)

Turf Turf Clipping Root Chlorophyli Leaf Leaf Internode
quality  density weight weight content width elongation distance
rate

Entry (1-9) (1-9) (9) (9) (0-999) (mm) (mdT) (cm)
A 6.6 7.4 3.1 9.9 192.8 7.1 1.3 4.5
‘Raleigh’ 7.1 7.5 2.5 8.6 293.5 7.5 2.1 2.8
C 8.1 8.4 2.4 10.6 337.8 7.4 1.0 2.9
‘Palmetto’ 7.6 7.4 2.9 10.9 313.8 7.1 2.1 2.7
E 7.3 7.3 2.6 10.1 323.5 7.6 2.7 3.5
F 8.0 7.6 2.5 10.2 384.3 8.4 1.4 2.9
G 8.3 8.6 2.8 10.7 276.8 7.5 1.4 2.1
H 7.3 7.8 2.3 9.1 295.8 7.0 1.4 3.1
‘Palisades’ 8.0 8.3 2.4 10.9 188.0 3.6 4.8 2.0
LSD (0.05) NS NS NS NS 136.27 2.01 1.834 2.375
P-value 0.3457 0.3992 0.1806 0.0666 0.0008 0.0167 0.0372 0.0359

'Except for chlorophyll content, which was measwaly for study 2, means have been pooled across
experiments.
Abbreviations: LSD = least significant differen®S = not significantq=0.05)
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Table ?.Z.Final st augustinegrass parameter measurements ligideshade [30% reduced light environment
(RLE)]

Mild Shade (30% RLE)

Turf Turf Clipping Root Chlorophyll Leaf Leaf elongation Internode
quality density  weight weight content  width rate distance

Entry (1-9) (1-9) (9) (9) (0-999)  (mm) (md) (cm)

A 7.0 7.0 1.8 7.3 289.8 8.1 2.7 :

‘Raleigh’ 7.0 7.8 2.2 8.5 335.3 8.0 3.8

C 7.8 7.5 2.0 8.8 332.5 7.8 3.2

‘Palmetto’ 6.8 6.9 1.8 7.4 262.5 8.6 3.5

E 7.1 7.4 2.3 8.6 280.5 7.6 3.8

F 7.3 7.3 1.9 8.0 283.0 7.9 2.3

G 7.6 7.6 1.9 7.8 336.5 8.6 2.9

H 7.1 7.3 1.9 8.1 296.5 8.3 4.0

‘Palisades’ zoysia 7.5 7.3 2.1 8.6 273.3 3.5 6.0

LSD (0.05) NS NS NS NS NS 1.6234 2.5952

P-value 0.155 0.3531 0.8214 0.3214 0.2927 0.0053 0.0204

'Except for chlorophyll content, which was measwsly for study 2, means have been pooled across
experiments.

"Internode distance not measureable due to stodmkinly third internode.

Abbreviations: LSD = least significant differen®S = not significantq=0.05)
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Table 3.3. Finabt augustinegrass parameter measurements under moderate shade [50% reduced light environment
(RLE)]*

Moderate Shade (50% RLE)

Turf Turf Clipping Root Chlorophyll Leaf Leaf elongation Internode

quality density  weight weight content width rate distance
Entry (1-9) (1-9) (9) (9) (0-999) (mm) (ot (cm)
A 7.3 7.0 1.6 8.3 281.0 6.8 4.4 .
‘Raleigh’ 6.8 6.8 1.5 7.4 202.3 8.2 2.9 35
C 7.1 7.5 2.0 8.7 240.5 7.4 3.1 3.2
‘Palmetto’ 6.9 6.9 1.6 7.3 290.3 7.1 3.8
E 6.9 7.0 2.1 8.3 313.8 7.9 4.1 .
F 7.5 7.3 1.69 8.8 299.0 7.6 3.3 6.3
G 7.3 7.5 1.4 7.9 230.8 7.8 4.3 2.6
H 7.1 6.9 1.5 7.5 141.3 8.0 4.2
‘Palisades’ zoysia 7.4 7.3 2.2 8.7 332.0 3.4 7.1
LsD (0.05) NS NS NS NS NS 3.48 NS 2.697
P-value 0.178 0.4465 0.2251 0.2763 0.2403 0.0002 0.0639 0.049

'Except for chlorophyll content, which was measured only for study 2, means have been pooled across
experiments.

“Internode distance not measureable due to stolons lacking third internode.

Abbreviations: LSD = least significant difference; NS = not significan0(05)
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0
Table ?.4. Final st augustinegrass parameter measurements heakey shade [70% reduced light environment
(RLE)]

Heavy Shade (70% RLE)

Turf Turf Clipping Root Chlorophyll Leaf Leaf elongation Intern
quality density  weight weight content  width rate distai
Entry (1-9) (1-9) (9) (9) (0-999)  (mm) (md) (cm
A 6.4 6.5 1.0 7.6 167.8 7.9 5.4 :
‘Raleigh’ 7.0 6.8 1.2 6.0 225.8 7.6 4.6
C 6.6 6.9 1.0 6.6 183.3 8.4 4.6
‘Palmetto’ 6.9 6.8 1.1 6.7 186.3 7.8 5.3
E 6.3 55 0.9 6.7 195.3 7.6 4.4
F 6.8 5.9 1.0 7.0 175.8 7.6 4.7
G 7.6 7.8 1.2 5.6 225.5 7.9 5.0
H 6.5 6.6 1.2 11.0 199.0 7.0 6.4
‘Palisades’ zoysia 6.9 6.4 15 7.3 202.5 3.4 7.1
LSD (0.05) NS NS NS NS NS 1.8832 NS
P-value 0.335 0.0913 0.1541 0.4034 0.9676 0.0011 0.1924

'Except for chlorophyll content, which was measuwsely for study 2, means have been pooled across
experiments.

“Internode distance not measureable due to stodamkenlg third internode.

Abbreviations: LSD = least significant differen®S = not significantd=0.05)

48



Conclusions
In conclusion, based on 8-week greenhouse studsr udeal temperature and
moisture conditions with no disease or insect pressdicated, the experimental lines
had similar shade tolerance compared to commestaabards ‘Raleigh’ ‘Palmetto’ and
‘Palisades’ zoysia. Field studies are needed lidate greenhouse studies to help further

evaluate shade tolerance of experimental and coaiahénes.
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ST. AUGUSTINEGRASS $tenotaphrum secundatum (Waltz.) Kuntze] LOW
TEMPERATURE TOLERANCE
Introduction

St. Augustinegrassenotaphrum secundatum (Walt.) Kuntze] is one of the most
popular turfgrass species used for home lawns ¢fvouwt the southern United States
(Busey, 2003). Itis believed to be native to optightly shaded, high rainfall, and
humid regions of coastal South and Central Amanicluding the West Indies (McCarty,
2011a). This species is adaptable to many soditions, but does best on moist, well-
drained sandy soils. Irrigation is necessary duperiods of dry weather because its

drought tolerance is only fair (Emmons, 2000).

On occasion, USDA Hardiness Zone 7 experiences ydalrought and above
average heat during summer months, followed bybelerage cold temperatures
during winter months. Often, these conditions eaturf void in shady locations
throughout the landscape. Such areas suffer gsetatures become too hot for tall
fescue Festuca arundineacea Schreb.], a gplant, survival, yet too cold for
centipedegras<femochloa ophiuroides (Munro) Hack.], a ¢gplant, survival. For
Clemson, SC, average summer high and low tempesature 32°C and 20°C, with a
record high of 41°C. Average winter high and l@mperatures are 11°C and -1°C, with
a record low of -20°C. Warm-season grasses extyitnum growth between 27°C and
38°C as cool-season grasses exhibit optimum graavdn temperatures range between
15°C and 25°C (McCarty, 2011b). As summer nighiistd cool below 18°C, tall fescue

struggles to recover from daytime heat. When antli@&amperatures rise above a specific
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level, known as the temperature compensation pGglants cannot produce enough
carbohydrates to fulfill the demand for respiratiokt this temperature, the amount of
CO; fixed by the dark reactions of photosynthesigjisad to the amount of CQeleased
by mitochondrial respiration (McCarty, 2011b). Braged exposure of temperatures in
excess of the temperature compensation point keactsntinuous depletion of
carbohydrate reserves and eventual weakening a@itheUltimately, this leads to
exhaustion of carbohydrate reserves via respirati@w nighttime temperatures
(<18°C) provide cool-season turfgrass with a recptiene to mobilize stored

carbohydrate reserves for energy production (MgGaallb).

Permanent turfgrass injury to warm-season turfgisissh as centipedegrass,
often occurs if ambient temperatures drop rapidipl -5°C and gradually below -
12.2°C (McCarty, 2011b). This weather pattern, bmad with a growing population in
the upstate, opens a niche demand for a warm s€@ddmgrass cold tolerate enough to

survive below average temperatures in shaded lawns.

Upstate South Carolina lies along the Interstated@&dor connected Charlotte,
North Carolina and Atlanta, Georgia. According-twbes.com, Atlanta and Raleigh
(north of Charlotte) are among the top 10 fastestving cities in America (Fisher,
2011). For example, Greenville County, lying ald+8p between Atlanta and Charlotte,
has experienced a 70% population growth since 18@&h growth rates demand more

housing, more lawns, thus an increase demand #ditygturf.
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As homeowners demand greater energy efficiencyademfor better performing,

greater shade tolerant turfgrass also increaserefiurends toward energy conservation
in home landscaping present problems in warm-setastgrass selection since all

species grow best in full sunlight. As the usstwdde for cooling homes and buildings
has increased, the need for a shade tolerant &asgdyy homeowners and landscapers has

arrived (Beard, 1970; Boardman, 1977).

Shade and cold tolerance are a must for new tw$gpecies to fill demands of
this niche market. Winterkill is often a problemSt. Augustinegrass sod production
(Philley et al., 1998), as St. Augustinegrass ésléast freezing-tolerant of the warm-
season turfgrasses (Beard et al., 1980). St. Aungggass is adapted to U.S. Dept. of
Agriculture hardiness zones 8, 9, and 10. Howesarere freezing injury may occur
during periodic winters in zones 8 and 9. Whilgidential sites may offer some
protection from cold, sod is usually produced igéopen fields (Philley et al., 1998).
Improvement of cold tolerance in St. Augustinegrassld increase the area of

adaptation and potential use of this importangnasgs species (Philley et al., 1998).

Freezing temperatures that result in ice formatv@hin plant cells can cause
multiple types of tissue damage and death of thieegpiant under severe conditions
(Livingston et al., 2006). During a period of Ittt non-freezing temperatures in a
process called cold-acclimation (Thomashow, 1998;a0d Browse, 2000; Livingston et
al., 2006), plants can increase their ability tthatand freezing temperatures. In nature,

cold-acclimation is initiated by decreasing tempénes in late autumn or early winter.
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Selecting plants with increased tolerance to wifre®zing is an important aspect
of plant improvement. However, fluctuating wintemperatures make it necessary for
experiments to be conducted in multiple locatiomd years (Tcacenco et al., 1989).
Such tests are costly and time-consuming. Thexetmid tolerance evaluations have
been conducted in field trials, cold simulation rieers (Beard et al., 1980) and by

excised stolon regrowth tests (Maier et al., 1994a)

Electrolyte leakage and differential thermal analy®TA) have been used to
predict lethal low temperatures for St. Augustirasgrgenotypes. Lethal temperatures
determined by electrolyte leakage ranged from & f@t ‘Floratam’ to -6.8°C for
‘Raleigh’ (Fry et al., 1991; Maier et al., 1994hk)ethal temperatures predicted by DTA
ranged from -4.7°C to -7.7°C for 14 genotypes thsplayed a wide range of winter

survival (Philley et al., 1995).

Cold tolerance in most plants is controlled by npldt genes and additive gene
action (Marshall, 1982; Fowler et al., 1993; Plyilet al., 1998). Maier et al. (1994a)
acclimated plants in the field then froze them thamber at various temperatures. They
found freezing survival of ‘Raleigh’ (>60%), was afiubetter than ‘Floratam’ and ‘FX-
332’ (< 20%). Maier, Lang, and Fry (1994a) repdr&. Augustinegrass cultivars have
also been exposed to freezing temperatures intaotled environment to determine
freezing tolerance. Common St. Augustinegrasskiligsl after a 16-h exposure to -
4.4°C (Reeves and McBee, 1972). Fry et al. (19&(d9rted lethal temperatures for

‘Floratam’ to vary monthly from -6.1°C to -5.3°Ctheen December and March in
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Louisiana. In contrast, Murdoch et al. (1990) méga ‘Floratam’ nodes from actively

growing turf were killed following exposure to -4°C

Germplasm collection is an effective approach fdtivar development (Li,
2010). For example, tall fescueegtuca arundineacea Schreb. cv. ‘Kentucky 31"), one
of the most popular tall fescue cultivars, and &Rgth’, currently the most cold tolerant
St. Augustinegrass cultivar, were both selectechfptants collected from the field

(Maier et al., 1994a).

The purpose of this study was to evaluate colddolee of a St. Augustinegrass
germplasm collection from upstate South Carolinapbtential sod production.
Comprehensive evaluations of these plant collestomuld open new opportunities for
sod growers to provide homeowners with a highlydshtalerant warm season turfgrass

capable of surviving unusually cold winters in USBlAardiness Zone 7.

Materials and Methods

In 2006, a germplasm collection was establishel saimples from thirty St.
Augustinegrass lawns grown in USDA Hardiness Zand@lese samples, along with
commercial standards, ‘Raleigh’ and ‘Palmetto’, @vestablished by plugs under natural

low light (~50% full sunlight) conditions in Clemsp8outh Carolina.

In June of 2012, plugs from the top eight perforgngnasses were collected and
transplanted into 24 plastic trays (53 x 38 x 8,diti¢d with river sand, using four, 5

cm, plugs per tray. Trays were transported to Gamniversity’s Greenhouse Facility

54



and grown for 12 months at 2516°C. Sprigs of each grass sample were trangolant
into 10 cm diameter pots filled with a potting smiédium (Faford 3B mix, Concord
Faford Inc., Agawam, MA) using six sprigs with 3@modes and 8-12 cm in length, per
pot. Pots were placed in a growth chamber andlesttad for 6 weeks at 32°C with a 16
h photoperiod (500 umol m2 st). Pots were feddiat 25 kg N/ha on three week
intervals using a 1-1-1 complete fertilizer, wateevery other day to field capacity, and

mowed at 5.5 cm, twice weekly.

Pots were selected for preliminary testing to idgnhe target freezing
temperature by exposing plants to -2°C, -4°C, -@éfi@¢] -8°C for 3 h following the ‘two-
step acclimation’ protocol by Li et al. (2010)dionulate the natural acclimation in late
fall or winter. Greater than 95% of plants providedrowth at -2°C, while < 10% of
plants provided regrowth at -8°C. Therefore, bdfiC and -6°C were selected as
optimum temperatures for testing as 60% of plarasided regrowth at -4°C and 20% of

plants provided regrowth at -6°C.

Remaining pots were relocated into three separatety chambers and
simultaneously subjected to a cold acclimationqeerGrowing conditions were reduced
to 13°C with a photoperiod of 12 h for one weelhisIperiod was followed by a
temperature reduction to 3°C and photoperiod redmictf 10 h for another week. The
control growth chamber was maintained at 3°C. Ghosttambers were then lowered at
1°C h' to target temperature (-4°C and -6°C) and maiethfior 3 h. Temperatures were

then raised back to 3°C at 2°C.hAfter three hours at 3°C, pots were moved ihto t
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greenhouse. Plants recovered for four weeks darirggrowth period under natural
light, at 25°C +5°. Plants were then mown at 5.5 cm, clippindkected, dried for 48
hours at 60°C, and weighed (g). Regrowth weigld ealculated as a percentage to

control (cold acclimation only) plant’s growth waig.

Pots were labeled ‘A’ through ‘H’ with ‘Raleigh’ dgynated as ‘B’, and
‘Palmetto’ designated as ‘D’. All samples werewnan 10 cm diameter pots, allowed
to establish under optimum growing conditions ia ¢imowth chamber, then underwent
the two-step acclimation process before freezidgts were rotated within the three
growth chambers every week to avoid localized emwirental effects. Mean clipping
weights were calculated at each temperature (@FC,-6°C), then divided by mean
clipping weights at 0°C to calculate a percentoegh. Percent regrowth’s were then
compared to ‘Raleigh’s percent regrowth to deteemimproved cold tolerance versus the

industry standard in this region.

Experimental design was a completely randomizedyd¢€RD) including three
temperature regime treatments: cold acclimatiofd acclimation followed by a
freezing period of -4°C, and cold acclimation falked by a freezing period of -6°C and
six replications of each grass sample were usadculations were performed using the
NLMIXED Procedure in SAS version 9.3 to compareroggh percentages (SAS
Institute, Inc., Cary, NC). Regrowth percentagiesxperimental grasses were compared

to industry standard ‘Raleigh’ to determine statadty similar or significant differences
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(P<0.05). Study one was conducted from 2 Decem®&3 thru 17 January 2014, with

study two from 31 January 2014 thru 17 March 2014.

Results and Discussion

Significant interactions occurred between the tualies; therefore, data are
presented separately. In study one (Fig. 1),°&,-Raleigh’ regrew 90% compared to
its clipping weight at 0°C, while six grass sampgiesl statistically similar regrowth
compared to ‘Raleigh’ including: ‘C’, ‘PalmettoE’, ‘F’, ‘G’ and ‘H’. Sample ‘A’ had
a significant (67%) increase in regrowth comparcetRaleigh’, at -4°C. ‘A’ regrew

156% compared to its clipping weight at 0°C.

In study one (Fig. 2), at -6°C, ‘Raleigh’ regrewe88ompared to its clipping
weight at 0°C and all grass samples showed statligtsimilar regrowth compared to
‘Raleigh’. Although statistically similar, sampl’ regrew 43% compared to its
clipping weight at 0°C, which was the only sampléhmumerically greater regrowth

(5%), compared to ‘Raleigh’.

In study two (Fig. 3), at -4°C, ‘Raleigh’ regrew%0compared to its clipping
weight at 0°C and all grass samples showed statilstisimilar regrowth compared to
‘Raleigh’. Although statistically non-significa(l?<0.05), grass ‘H’ did have
numerically greater regrowth compared to ‘Raleigith a p-value of 0.069. This is

worth noting due to its significant regrowth comgxhto ‘Raleigh’ at -6°C (Fig. 4),
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during study two. In contrast to study one, aCG4Sample ‘A’ had similar regrowth

compared to ‘Raleigh’.

In study two (Fig. 4), at -6°C, ‘Raleigh’ again regy 38% compared to its
clipping weight at 0°C. Five grass samples hatissiizally similar regrowth compared to
‘Raleigh’ including: ‘A’, ‘C’, ‘Palmetto’, ‘E’, and'F’. Two samples, ‘G’ and ‘H’, had
significant increased regrowth compared to ‘Rale@jl56% and 87%, respectively.
Although ‘Palmetto’ regrew more than ‘G’ numeriga{b9%)), its large standard error
reveals statistically similar regrowth comparedRaleigh’ unlike sample ‘G’, with a

smaller standard error.

North Carolina is the northern edge of St. Augwesinass distribution range (Li et
al., 2010). ‘Raleigh’, a release from North CaraliState University, is considered the
most cold-tolerant cultivar currently available @y et al., 1982). However, the use of
‘Raleigh’ is limited to areas that rarely experienemperatures lower than -5°C (Li et al.,

2010).

Our effort was to determine if plant material cotkd from USDA Hardiness
Zone 7 provided improved cold tolerance. In onenaf studies, three samples, ‘A’, ‘G’,
‘H’ provided statistically greater regrowth ratesmpared to current industry standard

‘Raleigh’ with similar regrowth rates in anotheudy.

58



Various methods have been developed to predicmelate to, freezing
tolerance in St. Augustinegrass, which includetetéyte leakage technique (Maier et al.
1994b) and differential thermal analysis (Philléywle 1995). In our experiments, we
measured clipping weights and divided by clippirgjghts at 0°C to calculate a percent
regrowth at 4 weeks after freezing. Cold-acclioatias been shown to be a crucial
prerequisite for plants to survive freezing temp@es in nature as well as in laboratory
tests (Li et al., 2010). However natural acclimatis impossible to duplicate because
acclimating conditions vary from year to year.ekial., (2010) suggested the two-step
acclimation protocol closely assimilates the ndtacalimation period. Incorporating
this cold acclimation protocol with plugs grow it &m pots, opposed to individual
internodes, provided the most comparable methodatioral freezing by using a

controlled environment.
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Study 1 (-4°C)
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Fig. 4.1. Study 1 regrowth percentage of seven gkEsm samples frozen at -4°C for 3 h
after two-step cold acclimation under controlledwgth chamber conditions. Columns
represent mean percent regrowth subtracted fronm peent regrowth of ‘Raleigh’ of
six replicates. Grass samples containing (*) wegeifcantly different from ‘Raleigh’

according to the NLMIXED Procedure in SAS (P=0.05).
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Study 1 (-6°C)
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Fig. 4.2. Study 1 regrowth percentage of seven glrsm samples frozen at -6°C for 3 h
after two-step cold acclimation under controlledwgth chamber conditions. Columns
represent mean percent regrowth subtracted fronm peent regrowth of ‘Raleigh’ of
six replicates. Grass samples containing (*) veggaificantly different from ‘Raleigh’

according to the NLMIXED Procedure in SAS (P=0.05).
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Study 2 (-4°C)
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Fig. 4.3. Study 2 regrowth percentage of seven glrsm samples frozen at -4°C for 3 h
after two-step cold acclimation under controlledwgth chamber conditions. Columns
represent mean percent regrowth subtracted fronm peent regrowth of ‘Raleigh’ of
six replicates. Grass samples containing (*) veggaificantly different from ‘Raleigh’

according to the NLMIXED Procedure in SAS (P=0.05).
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Study 2 (-6°C)
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Fig. 4.4. Study 1 regrowth percentage of seven glsm samples frozen at -6°C for 3 h
after two-step cold acclimation under controlledwgth chamber conditions. Columns
represent mean percent regrowth subtracted fronm peent regrowth of ‘Raleigh’ of
six replicates. Grass samples containing (*) veggaificantly different from ‘Raleigh’

according to the NLMIXED Procedure in SAS (P=0.05).

Conclusions
These experimental grass samples appear to hattarsomimproved cold tolerance,
especially grasses ‘A’, ‘G’, and ‘H’, compared teetindustry standard ‘Raleigh’. Field
studies are needed to validate greenhouse growathloér studies to help further evaluate

cold tolerance of experimental and commercial lines
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