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1. GENETICS AND BREEDING

The quality and stress tolerance of turf is a product of the environment, management practices, and
genetic potential of the grass plant. In many cases, major limitations to turf quality are stress effects,
many of which can be modified or controlled through plant improvement. Projects are directed
toward the development of turf cultivars that conserve natural resources by requiring less water, and
fewer pesticides and fertilizers. Among the characteristics most desirable in the new turfgrasses are:

e Reduced requirements for irrigation, mowing, and fertilization
e Tolerance of non-potable water

e Reduced need for pesticides by increasing resistance to disease, insects, nematodes, and
weed encroachment

e Ability to survive high and low temperature extremes
e Increased shade tolerance
e Tolerance of intensive traffic and poor-quality soils.

TOPIC Pg.
COOl-SCASON GIASSES. ... e 2
Warim-S€AS0N GIraSSES. ... e 22
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1983-01-001
Annual Report — 2020

Breeding and Evaluation of Kentucky Bluegrasses, Tall Fescues, Fine
Fescues, Perennial Ryegrasses, and Bentgrasses for Turf

William A. Meyer, Phillip L. Vines,
and Stacy A. Bonos, Rutgers
University

Objectives:

1. Collect and evaluate useful turfgrass germplasm and associated

endophytes.
2. Continue population improvement programs to develop improved cool-

season cultivars and breeding synthetics.
3. Develop and utilize advanced technology to make current breeding
programs more effective and efficient.

Start Date: 1982
Project Duration: Continuous
Total Funding: $ 10,000 per year

As of October 30,2020 over 1,600 promising turfgrasses and associated
endophytes were collected in Slovenia, Croatia, Italy, Hungary, Serbia and Austria.
These were evaluated in the spring of 2020 in the Netherlands and over 515 had
seed produced in the summer of 2020 and were evaluated in New Jersey starting in
fall 2020. Over 12,516 new turf evaluation plots, 169,119 spaced-plant nurseries
plants, and 14,000 mowed single-clone selections were established in 2020 in New

Jersey.

Over 7500 seedlings from intra- and inter-specific crosses of Kentucky
bluegrass were screened for promising hybrids under winter greenhouse conditions,
and the superior plants were put into spaced-plant nurseries in the spring. Over
65,900 tall fescues, 12,722 Chewings fescues, 3,000 hard fescues, 4000 strong
creeping red fescue 42,472 perennial ryegrasses, and13,596 bentgrasses were also
screened during the winter in greenhouses, and superior plants were put in spaced-
plant nurseries. Over 131 new intra- and inter-specific Kentucky bluegrasses were

harvested in 2020.

The following crossing blocks were moved in the spring of 2020: four hard
fescues (161 plants), three Chewings fescues (102 plants), three strong creeping red
fescues (72 plants), fourteen perennial ryegrasses (850 plants), twentytwo tall
fescues (850 plants), nine creeping bentgrasses (241 plants), three velvet bentgrasses
(41 plants), and seven colonial bentgrasses (178 plants).

1. Genetics and Breeding: Cool-Season Grasses
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The breeding program continues to make progress breeding for disease
resistance and improved turf performance. New promising named and released
perennial ryegrass varieties in 2020 were Spike GL, Signet, Sunburst, Pharoah and
Furlong. The new tall fescues are Bullseye LTZ, Nano, Biddle, O’Keefe, Degas,
Firchawk LTZ and Bonfire. Three Chewings fescues ,Woodall, Boltser and
Momentum. Three creeping red fescues named Rev. Wisp and Leigh. There were four
new creeping bentgrasses named 007XL, Matchplay, Tour Pro and Piranha. The new
Kentucky bluegrasses were Isabel, Syrah ,Heidi, Powerplay, SR 2150, Starr, Bombay
and Cloud.

Summary Points

- Continued progress was made in obtaining new sources of turfgrass germplasm.
These sources are being used to enhance the Rutgers breeding program.

- Modified population backcrossing and continued cycles of phenotypic and
genotypic selection combined with increasing sources of genetic diversity in
turfgrass germplasm has resulted in the continued development and release
of top performing varieties in the NTEP

- Five perennial ryegrasses, seven new tall fescues, three Chewings fescues,
three creeping red fescues, eight Kentucky bluegrasses, four Creeping
Bentgrasses were named and released in 2020

« Published 5 referred journal articles and 18 non-referred journal articles in 2020.

- Thirty- two Plant variety certificates issued and 2 PVP's applied for in 2020.
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Tall Fescue Trial

Tall Fescue Trial

Figure 1. Tall fescue and perennial ryegrass trails seeded in July 2020 for gray leaf spot disease
evaluations at the Plant Science Research and Extension Farm in Adelphia, NJ.
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Figure 2. Gray leaf spot resistant (left) and susceptible breeding lines in trial seeded in July 2020
at the Plant Science Research and Extension Farm in Adelphia, NJ.
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Figure 3. A: Selection of drought tolerant perennial ryegrass clones using a mobile rainout
shelter at the Plant Science Research and Extension Farm in Adelphia, NJ, B: Selected clone
maintaining green color and foliar growth characteristics after 90 days of drought stress at the
Plant Science Research and Extension Farm in Adelphia, NJ.
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USGA ID#: 2018-11-661

Title: Evaluation of activity of a fungal endophyte antifungal protein against dollar spot
infected creeping bentgrass

Project Leaders: Faith C. Belanger and Bruce B. Clarke
Affiliation: Rutgers University

Objectives of the project: The overall goal of this project is to determine the role of the
Epichloé festucae antifungal protein in the well-established endophyte-mediated disease
resistance seen in fine fescues. In one approach, we generated gene knockouts of the
antifungal protein gene with the aim of determining if it is required for disease resistance.
In another approach we have purified the antifungal protein using different expression
systems to identify the best system for large-scale purification of the protein. An efficient
expression system for purification of the Epichloé festucae antifungal protein will be
required to test its activity in dollar spot infected creeping bentgrass and fine fescue. If
the purified protein is effective, this could represent an additional method to control
dollar spot and reduce fungicide inputs.

Start Date: 2018

Project Duration: 3 years
Total Funding: $120,000
Summary Points:

1. The fungal endophyte (Epichloé festucae) that infects strong creeping red fescue
produces an abundant antifungal protein that is not found in most Epichloé species. Our
research indicates that it is likely involved in the disease resistance observed in
endophyte-infected strong creeping red fescue.

2. Gene knockouts of the antifungal protein gene were produced, but extensive efforts to
inoculate the knockout isolates back into endophyte-free strong creeping red fescue were
unsuccessful. However, the wild type isolate and complemented knockout isolates
(transformed with plasmids containing the wild type antifungal protein gene) could be
inoculated into plants. These results suggest the antifungal protein may be required for
infection (the ability of a fungus to gain entry into the plant) and symbiosis once inside
the host grass.

3. The activities of the E. festucae antifungal protein produced in yeast, bacteria, and in
the fungus Penicilllium chrysogenum were assessed against the model fungus
Neurospora crassa. The best activity of the E. festucae antifungal protein was obtained
with the Penicillium expression system. Also, the Penicillium expression system was the
most convenient for purification and produced the highest quantity of the E. festucae
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antifungal protein. The E. festucae purified antifungal protein expressed in Penicillium
had activity against the dollar spot fungus in culture.

4. Now that we have established a robust expression system for producing adequate
quantities of the E. festucae antifungal protein we are ready to test application of the
protein onto dollar spot infected plants to determine if this could be a new method for
disease control.

Executive Summary:

Control of dollar spot disease on creeping bentgrass is a major problem for golf
course managers and currently relies heavily on fungicide applications. Ongoing efforts
to address this problem have focused on breeding tolerant cultivars and on improving
management protocols. We are pursuing a different and complementary approach, which
is to understand the mechanism of dollar spot resistance in a fungal endophyte (Epichloé
festucae) infected strong creeping red fescue. Endophyte-mediated disease resistance is
well established in fine fescues (Clarke et al., 2006), but is not a general feature of other
endophyte-infected grasses such as perennial ryegrass or tall fescue. If we can uncover
the mechanism of the endophyte-mediated disease resistance in fine fescues, it may be
possible to adapt it for use in other turfgrasses such as creeping bentgrass, which are not
infected with Epichloé endophytes.

Previously we identified an abundant endophyte transcript for an antifungal
protein. The antifungal protein gene found in E. festucae infecting strong creeping red
fescue is not present in most Epichloé genomes for which whole genome sequences are
available (Ambrose and Belanger, 2012). The transcript abundance and the limited
existence of the antifungal protein gene among Epichloé spp. suggested the E. festucae
antifungal protein may be a component of the unique endophyte-mediated disease
resistance observed in strong creeping red fescue.

We are taking two approaches to addressing the importance of the E. festucae
antifungal protein in the disease resistance of strong creeping red fescue. In one approach
we have knocked out the antifungal protein gene with the objective of determining the
effect on the disease resistance in plants carrying the knockout isolate. In the other
approach we have optimized purification methods for producing large amounts of the
protein for testing in direct application to plants. Our results to date are described below.

E. festucae antifungal protein gene knock-out

In an attempt to determine the involvement of the antifungal protein in dollar spot
resistance of the host grass, we generated two gene knockouts by using the CRISPR-Cas9
approach. The objective was to inoculate the knockout isolates back into endophyte-free
strong creeping red fescue and assess the level of dollar spot resistance of the plants. If
the antifungal protein is indeed a factor in the dollar spot resistance, as we suspect it is,
then the plants harboring the knockout isolates would be expected to exhibit less or no
dollar spot resistance. However, extensive attempts to inoculate strong creeping red
fescue plants with the knockout isolates have been unsuccessful, although successful
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inoculations were obtained with the wild type isolate, which contained the antifungal
protein gene. We also transformed the knockout isolates with plasmids containing the
wild type antifungal protein gene and determined that the complemented isolates could be
inoculated into endophyte free plants. This has raised questions about the possible
importance of the E. festucae antifungal protein in the infection process and the symbiotic
association with strong creeping red fescue. The inability of the knockout isolates to
infect the host grass prevented an evaluation of the lack of the antifungal protein gene on
disease resistance or susceptibility of the host, but we know it does have activity against
the dollar spot fungus in lab tests. Although these results were frustrating, they lead to the
unexpected possibility that the antifungal protein is a required factor in the infection
process and symbiosis between E. festucae and strong creeping red fescue, in addition to
having antifungal activity.

The interaction of fungal plant pathogens and symbionts with their hosts involves
effector proteins, characterized as small-secreted proteins that can be important for
colonization or for evasion of host defenses (Plett and Martin 2015; Uhse and Djamei
2018). The E. festucae antifungal protein has the characteristics of an effector protein in
that it is a cysteine-rich small secreted protein and its expression is considerably higher in
the infected plant tissue than in culture (Hassing et al., 2019; Sperschneider et al., 2016).
Quantitative PCR analysis revealed that the expression level of the antifungal protein is
more than 700-fold higher in the infected plant leaf sheath than in culture (Fig. 1).
Additional research will be required to determine if the antifungal protein is indeed an
effector protein. However, if Efe-AfpA is an effector protein it must be specific to certain
interactions, since most Epichloe spp. do not have such a gene in their genomes
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Fig. 1. Comparison of the expression level of the E. festucae antifungal protein gene, in
culture with expression in planta relative to expression levels of two reference genes,
elongation factor 2 (EF-2; gene model EfM3.021210) and 40S ribosomal protein S22
(S22; gene model EfM3.016650). The y-axis is a logarithmic scale.
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E. festucae antifungal protein purification

Our hypothesis is that the E. festucae antifungal protein is a factor in the well-
documented disease resistance seen in endophyte-infected fine fescues in the field
(Clarke et al., 2006). The ultimate goal of this research is to determine if the endophyte
antifungal protein can protect creeping bentgrass plants from dollar spot disease so that it
could be used as an alternative or supplement to synthetic fungicides. To do this requires
a substantial amount, probably milligram levels, of purified antifungal protein, which is
why we have been focused on testing different expression systems.

The E. festucae antifungal protein is highly expressed in infected strong creeping
red fescue, as shown in Fig. 1 above; however, purification from plant tissue is not
practical since that would require an excessive amount of starting plant material.
Moreover, it is expressed at a very low level when the fungus is grown in culture, as seen
in Fig. 1 above. We, therefore, explored generating the antifungal protein in several
established protein expression systems. The objective was to identify a protein expression
system that can generate a large amount of active antifungal protein in the simplest way.
The antifungal protein was successfully expressed in the yeast Pichia pastoris (Tian et
al., 2017) and in the bacterium Escherichia coli (Fardella et al., unpublished). The E.
festucae antifungal protein is similar to a protein from another fungus, Penicillium
chrysogenum, which is designated PAF (Penicillium antifungal protein) and which also
has antifungal activity (Marx, 2004). We obtained an engineered PAF overexpression
strain of P. chrysogenum from Dr. Florentine Marx (Medical University of Innsbruck,
Innsbruck, Austria) so that we could directly compare the production and activities of
PAF and the E. festucae antifungal protein. Dr. Marx also provided a PAF knockout
strain that we used to express the E. festucae antifungal protein in Penicillium. A
comparison of antifungal activities of the E. festucae antifungal protein in the three
expression systems, as well as the Penicillium antifungal protein PAF, against
Neurospora crassa conidia, a model fungus used in such systems, is shown in Fig. 2. The
E. festucae antifungal protein expressed in Penicillium had activity at the lowest
concentration tested, whereas higher concentrations were required for activity of the
protein produced in yeast and bacteria. Activity at low concentrations is important for it
to be efficacious in future assays. The E. festucae antifungal protein expressed in bacteria
had high activity at high concentrations of the protein. The requirement for high
concentrations makes that system impractical for large-scale production of the protein.
Also, the Penicillium expression system was the most convenient for purification and
produced the highest quantity of the E. festucae antifungal protein.
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Figure 2. Comparative percent inhibition of growth of Neurospora conidia by the E.
festucae antifungal protein expressed in Penicillium, yeast, and bacteria.

Increasing concentrations of purified E. festucae antifungal protein (Efe-AfpA) expressed
in Penicillium chrysogenum, yeast, and bacteria, and the Penicillium chrysogenum
produced PAF were assayed in triplicate against Neurospora conidia and growth was
measured after 24 hours. Percent inhibition was measured by absorbance at ODszo.
Standard deviation is represented by error bars.

The purified E. festucae antifungal protein expressed in Penicillium inhibited
growth of the dollar spot fungus (Fig. 3). Interestingly, in the same type of assay the
Penicillium antifungal protein PAF did not have activity against the dollar spot fungus.
The E. festucae and Penicillium antifungal proteins are 65% identical in their protein
sequences. They both have activity against Neurospora, but only the E. festucae
antifungal protein has activity against the dollar spot fungus. This is an important
difference in activity between the two similar antifungal proteins that could be used in the
future to identify the regions of the E. festucae antifungal protein critical for activity
against the dollar spot fungus.
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Fig. 3. Comparison of the activity of the E. festucae antifungal protein (Efe-AfpA)
expressed in Penicillium with PAF, a similar antifungal protein from Penicillium, against
the dollar spot fungus. In the upper panels purified E. festucae antifungal protein (left) or
PAF (right) was placed on the right side of a plug of the dollar spot fungus. The E.
festucae antifungal protein clearly inhibited the growth of the dollar spot fungus whereas
PAF did not. The lower panels show dollar spot hyphae from the upper panels treated
with Evans blue. Evans blue enters cells that have damaged cell membranes. Treatment
with the E. festucae antifungal protein resulted in damage to the cell membranes of the
dollar spot fungus whereas treatment with PAF did not.
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USGA ID#: 2019-15-685

Title: Deciphering the relationship between environmentally induced epigenetic
modification and dwarfism in greens-type Poa annua L.

Project Leader: David R. Huff and Christopher W. Benson
Affiliation: Pennsylvania State University
Objectives:

e Objective 1 (Month 1-6): Elucidate the global methylation status of mowed and
unmowed Poa annua using traditional ecological methods such as MSAP and
enzyme-linked immunosorbent assays (ELISA). COMPLETED.

e Objective 2 (Month 1-18): Evaluate transgenerational retention of morphological
characters and epigenetic signatures in subsequent generations of Poa annua
mowed and unmowed. COMPLETED.

e Objective 3 (Month 12-24): Use methods in genomic sequencing and
bioinformatics to assemble genomes of Poa annua and its two diploid parental
species Poa infirma and Poa supina.

e Objective 4 (Month 24-30): Align and map parental DNA sequences to the
genome of allotetraploid Poa annua.

e Objective 5 (Month 18-36): Elucidate downstream transcriptional changes via
RNA-seq analysis as a response to differential subgenome expression analyses
during imposed mowing stress on clonal Poa annua.

e Objective 6 (Month 36 and beyond): Utilize the new genomic information to help
guide the breeding of elite and stable cultivars of Poa annua for commercial
release and use golf-course putting greens.

Start Date: 2019

Project Duration: 3 Years
Total Funding: $91,824
Summary Points:

Mowing increases global DNA methylation in Poa annua.

Poa annua can pass the environmental effects of mowing to its unmowed offspring.
Transgenerational plasticity in Poa annua is conferred, in part, by DNA methylation.
The genome of Poa infirma Kunth, the annual female diploid parental species of Poa
annua, was de novo sequenced to a level of 7 pseudomolecule chromosomes
containing 1,125,464,162 bp (L90 = 7; BUSCOn=1614) = 98.1%).

e The genome of Poa supina Schrader, the perennial male diploid parental species of
Poa annua, was de novo sequenced to a level of 7 pseudomolecule chromosomes
containing 84,729,999 bp (L90 = 7; BUSCOn=1614) = 95.8%).
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Summary Text:

In 2020, we published results from our Year-1 funding that mowing increases
global DNA methylation in Poa annua, that Poa annua can pass the environmental
effects of mowing to its unmowed offspring, and that transgenerational plasticity in Poa
annua is conferred, in part, by DNA methylation (Benson, Mao, and Huff 2020).
Furthermore, we speculate that Poa annua’s observed epigenetic rewiring and patterns
of non-Mendelian inheritance on golf course putting greens is largely driven by its status
as a neo-allopolyploid between diploid species, Poa infirma and Poa supina. It is likely
that, upon polyploidization and whole genome duplication, the Poa supina and Poa
infirma sub-genomes interact in specific ways to confer onto Poa annua uncommon
phenotypic plasticity and versatility to a wide range of environments. It is known that
allopolyploidy may result in ‘genome dominance’ and ‘biased fractionation’ where one of
the ancestral diploid subgenomes is repressed while the other subgenome retains
higher gene expression levels and fewer DNA mutations. Genome dominance and
biased fractionation is regulated in part by epigenetic signals such as cytosine
methylation, histone modification, and small RNA silencing. Thus, it is highly likely that
our observed methylation differences in Poa annua is related to its biased expression of
subgenomes under mowing stress.

After completing the first year of this grant proposal’s funded research, and after
consulting with numerous colleagues and collaborators, we have come to realize that
improving our resolution of methylation patterns in a non-model species such as Poa
annua is fraught with difficulties and is unlikely to be the most fruitful avenue of
investigation. However, these same colleagues and collaborators have encouraged an
alternative approach for unraveling the phenotypic instability of Poa annua by utilizing
Poa annua’s known subgenome architecture. Therefore, rather than continuing with our
originally proposed methylome analyses, we believe that the USGA financial resources
would be better utilized to unravel the downstream effect of epigenetic reprogramming
on genome dominance and bias fractionation of Poa annua’s subgenomes. We believe
that studying the genomic architecture and transcriptional profiles of Poa annua, Poa
supina, and Poa infirma is the most likely avenue to elucidate Poa annua’s phenotypic
instability and thereby enhancing our efforts to develop commercial cultivars of elite and
stable Poa annua for use on golf course putting greens. Thus, with permission given by
the USGA Green Section, we have reallocated the remaining two years of funding
towards the study of Poa annua’s allopolyploid genomic architecture by sequencing the
genomes of its diploid ancestors, Poa infirma and Poa supina. Budgetary details of our
proposed changes have been submitted in a separate document.

Since mid-March, 2020, due to the COVID-19 pandemic, the entire Penn State
University Park campus has been restricted to essential activities only by essential
personnel. Currently, greenhouse plants are being maintained and field plots are being
mowed but that is all we are able to do. The good news is that, just prior to the COVID-
19 pandemic shutdown, and in collaboration with Drs. Scott Warnke and Shaun
Bushman of the USDA, we were able to commence the de novo sequencing of the
genomes of Poa annua and its diploid parental species Poa infirma and Poa supina.
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In fact, our computational progress seems to have been enhanced by the
pandemic shutdown because everyone involved was home-bound with access to High
Performance Computation. Currently, all three of our Poa genomes are in various
stages of the sequencing/bioinformatic analysis pipeline. The process of sequencing an
organism’s genome is complicated, arduous and requires hundreds of decision steps.
Basically, it involves using computer programs to align the initial DNA sequencing reads
into contigs, which are then scaffolded together into pseudomolecules. In our research,
we used PacBio Hifi circular consensus sequencing (CCS) reads that were aligned into
contigs with either HiCanu or Hifiasm assembly programs that were then scaffolded
together using Dovetail Genomics’ proprietary HiRise scaffolding assembly pipeline,
which utilizes proximity ligation information along with the contig assembly information.
To date, we have assembled the two parental species genomes down to the level of
whole-chromosome pseudomolecules that represent approximately 95.8% to 98.1%
complete genomes (Fig.1); which is excellent. From our sequencing efforts, and for the
remainder of this specific project, the final genome size of Poa infirma is 1.125Gb and
for Poa supina is 0.636Gb. The pre-scaffold genome size of Poa annua is currently
measuring 1.8Gb with approximately 1K contigs and 98% BUSCO hits. Thus, the sizes
of the three haploid (1n) Poa genomes are all within 8% of the estimated genome sizes
we predicted from earlier flow cytometry measurements (Mao and Huff 2012).

The output of Dovetail Genomics’ proprietary HiRise genome assembly pipeline,
which utilizes proximity ligation information along with prior assembly information, was
compared using two different input assembly methods, namely HiCanu versus Hifiasm.
The final HiRise genome assembly of Poa infirma, a self-pollinated annual species, was
found to be “best” with using the Hifiasm assembly prior to implementing HiRise
scaffolding software; whereas, the genome assembly of Poa supina, a cross-pollinated
perennial species, was found to be most complete using the HiCanu assembly process
prior to implementing HiRise scaffolding software. The different results between these
two assembly methodologies most likely resides in the level of heterozygosity of the two
Poa species, i.e. cross-pollinated Poa supina being more heterozygous than the self-
pollinating Poa infirma. In addition, dot-plot analyses indicated possible species-specific
chromosomal inversions originating within Poa species (Fig 2) and several features of
chromosome structure, including potential locations for ribosomal DNA and
centromeres, were capable of being predicted based on characteristic patterns of GC-
content (Fig. 3).

Finally, we anticipate completing the assembly of all three genomes in early 2021
after which, all three genomes will serve as the foundation for our differential
subgenome expression analyses to be performed in the latter-half of 2021.
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Fig. 1. Comparison of Dovetail HiRise genome assembly using different input assembly
methods HiCanu versus Hifiasm for the two parental diploid species of Poa annua. For
each parental species and method of assembly, cumulative length plots, continuity

plots, pseudomolecule length, and genome assembly statistics are presented. A) The
genome assembly of Poa infirma, a self-pollinated annual species, benefited from the
Hifiasm assembly prior to proximity ligation and HiRise scaffolding (highlighted). B) The
genome assembly of Poa supina, a cross-pollinated perennial species, however,

exhibited the most complete genome assembly using the HiCanu assembly process
prior to proximity ligation and HiRise scaffolding (highlighted).
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Fig. 2. Dot-plot analysis of Poa genomes. A) The seven whole-chromosome pseudomolecules of
Poa supina and Poa infirma genomes aligned to the five chromosomes of the model grass
Brachypodium distachyon indicate possible species-specific chromosomal inversions originating
in the Poa species. B) The seven whole-chromosome pseudomolecules of Poa supina and Poa
infirma genomes aligned with each other indicating their homologous relationships.
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Fig. 3. Percent GC content (green) for a 10K bp sliding, non-overlapping window along
each of the 7 whole-chromosome pseudomolecules of Poa infirma and Poa supina.
Predicted chromosome features based on characteristic patterns of GC% content
include potential locations for ribosomal DNA and centromeres. Chromosomes of each
Poa species in the same row are homologous to one another, ex. 11 is homologous to

3S; 2l is homologous to 1S, 3l is homologous to 4S, etc..
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USGA ID#. 2017-14-624

Project Title: Development of a shade-tolerant bermudagrass cultivar(s) suitable for
fine turf use.

Principal Leaders: Charles Fontanier and Yanqgi Wu

Affiliation: Oklahoma State University

Objectives:
1. Screen for fine turf qualities and shade resistance in newly developed common
and hybrid bermudagrass germplasm,
2. Further develop an existing bermudagrass breeding population for superior fine
turf characteristics, shade resistance and seed yield, and
3. Develop and validate a high throughput method for screening plants for shade
resistance.

Start Date: 2017
Number of Years: 3
Total Funding: $90,000

Summary Points:

e 75 bermudagrass genotypes have been screened for shade tolerance under
greenhouse conditions with the top 20 genotypes and industry checks planted in the
field for further evaluation.

e The majority of seeded entries and several clonal selections did not survive their first
winter in the field trial.

¢ An additional 95 genotypes were screened for shade tolerance under greenhouse
conditions with plans to plant in the field in 2021.

Background and Rationale

Bermudagrass is a desirable turfgrass for use in the transition zone due to its relatively
good drought, heat, disease, and insect resistance, and reasonably good cold
hardiness. The main factor that prevents more widespread use of bermudagrass is its
poor shade tolerance. Beginning in 2007, 45 common bermudagrasses [Cynodon
dactylon (L.) Pers. var. dactylon] collected from China, Africa, and Australia that
exhibited good seed production were tested along with four bermudagrass varieties for
shade tolerance and overall turf quality. Of those 45 bermudagrasses, the 10 best-
performing selections were chosen for further development. Polycrossing combinations
of those 10 selections in 2011 produced three synthetic populations. Two of these
experimental cultivars, OKS 2011-1 and OKS 2011-4, were tested for shade tolerance
and the third OKS 2011-3 was retained for further selection. OKS 2011-1 and OKS
2011-4 did not outperform existing seeded-type cultivars in severe shaded conditions.
From the OKS 2011-3 breeding population, the best performing 90 plants were selected
after two years of shade pressure. These plants were tested in the field for turf quality
and major seed yield related traits. This project seeks to build on previous work to
continue selecting for shade tolerance among common bermudagrasses and
interspecific hybrids.
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Methods

A rapid throughput screening method was developed to identify genotypes showing
enhanced shade tolerance under greenhouse conditions. This was done to reduce cost
and time associated with multi-year field trials. In June 2017, 75 bermudagrass
genotypes were established from sprigs within 2.5-in diameter conetainers under three
light environments (0, 51, and 63% shade) within a research greenhouse. Once
uniformly established (~8-weeks), plants were subjected to shade treatments using
neutral density black fabric for 4 months and clipped biweekly at 1.5-in to promote rapid
stress. Fertilizer was applied using a commercial soluble fertilizer (Peter's 20-20-20)
biweekly at carefully metered amounts (0.125 Ib N M™1) to ensure uniform application.
Turf quality, leaf elongation rate, and above-ground biomass (verdure) were assessed
at the conclusion of the 4-month shade treatment. The entire trial was repeated in
Spring 2018 using only the heavy shade and non-shaded treatments as there was little
value gained from the intermediate shade level. Data from greenhouse trials were
subjected to a factor analysis to identify entries that performed well across all metrics.

In June 29, 2018, the top 20 performing genotypes were then planted as 2.5-inch
plugs in a field study alongside industry standard cultivars (Patriot, Celebration,
TifGrand, Latitude36) and five seeded populations from the OSU breeding program.
Plots measured 3-ft by 3-ft and each treatment combination was replicated 3 times.

The study site was split into two environments: heavily shaded versus non-shaded. The
heavily shaded site was characterized by evergreen trees along the western edge and
deciduous trees along the southern and eastern edge of the space. Plots were mowed
weekly at 1.5-inches using a rotary mower, and fertilizer was applied monthly at 1lb N
per 1000 square feet

An additional set of 95 plants from the OSU breeding program were selected and
planted in conetainers using sprigs. The plants were evaluated in the greenhouse for a
rapid screening of shade tolerance similar to the one conducted previously (Figures 1
and 2). Top performers from this second greenhouse trial will be planted in 2021 within
the existing shade field trials.

Early Results
Data from the greenhouse trial were reported on in 2017. The industry standard

‘TifGrand’ demonstrated a mean turf quality score of 4.7, while 18 of OSU’s
experimental cultivars exceeded this value. Similar to a previous field trial, ‘Patriot’ was
one of the worst performing cultivars under the greenhouse screening method. The top-
performing cultivar (‘2014-4x2’) showed minimal shade avoidance response (etiolation),
while the worst-performing cultivar (‘2014-29x19’) developed a ‘stemmy’ and etiolated
growth habit under heavy shade. Results of the second experimental run were similar
and thus the method was considered to be reproducible.

In the most recent greenhouse screening trial, variation in response to shade
stress was again evident (Fig. 1). Data related to turf quality, leaf elongation rate, leaf
angle, and biomass were collected in Oct 2019 and again on a second run in August
2020. Preliminary analysis of these data show entries 27x2, ‘577, and ‘15x16’ as
having excellent maintenance of shoot dry weight as compared to all other entries
(Table 1). In some cases, grasses having excellent shoot dry weight maintenance did
not have maintain green coverage or turf quality to the same degree (and vice versa).
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This was seen in entry ‘#29’ which had excellent green coverage and quality but had a
nearly 60% reduction in shoot dry weight under shade. However, several entries
including ‘28x19’ showed above average green coverage and shoot dry weight
suggesting enhanced shade tolerance compared to other entries.

The field study was kept under ambient conditions (no supplemental shade) as
the nearby tree shade provided some degree of stress and first year winter Kill
prevented complete establishment of most entries. By late-summer 2020, most entries
that had survived were deemed to be sufficiently established. A more thorough
evaluation of these grasses will be completed in 2021.

Future Expectations
Tree shade in the heavily shaded treatment will be supplemented with artificial shade
from neutral density fabric beginning in May 2021 unless the project undergoes further
winter injury. Ratings of percent cover, normalized difference vegetation index, and turf
quality will be collected monthly using digital images, a spectral reflectance meter, and
visual ratings. The top 10 to 20 entries from the ongoing greenhouse screening trials
will be planted in summer 2021 on an adjacent plot area and subjected to shade using a
large polywoven fabric as early as fall 2021.

Findings from the greenhouse trials will be compared to those from the field trial
in order to validate the screening method and further work towards development of a
new cultivar.
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Fig. 1. Greenhouse plants prior to shade stress during the 2020 trial.
were screened for canopy coverage and productivity.
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Fig. 2. Overview of selected grasses from 2020 greenhouse trial. Grasses showing
variation in green coverage after 8 weeks of perpetual shade.
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Table 1. Shoot dry weight for selected bermudagrasses after 8 weeks under artificial
shade in the 2020 greenhouse trial.

Entry Shoot Dry Weight (% control)
30x19 5.1s%
14x19 6.5r-s
39x11 9.79-s
Uganda 11.3g-s
#62 13.2p-s
4x19 13.90-s
#72 14.7n-s
PI291591 15.5n-s
3048 15.6n-s
35x7 16.3m-s
TRC 16.4m-s
11x7 17.3m-s
21x20 17.5l-s
C. trans 2 17.71-s
#34 18.0k-s
15x4 18.4j-s
7x20 18.9j-s
26x2 18.9j-s
30x20 19.1j-s
22x19 19.1j-s
OSU 1318 19.9j-s
43x2 20.0j-s
38x16 20.2j-s
5x3 21.6j-s
15x19 22.6i-s
#115 22.8i-s
40x20 23.3i-s
P1289922 23.4i-s
46x19 23.4i-s
Cardinal 24i-s
Celebration 24.8i-s
24x20 25.0i-s
3x16 25.3h-s
16x1 25.3h-s
#99 25.5h-s
7X8 26.1g-s
1x18 26.2g-s
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18x15 26.8f-s
PI615161 26.9f-s
#111 27.0f-s
1115 27.3f-s
18x4 27.5f-s
29x6 27.6e-s
8x4 28.4d-s
P1291981 28.5d-s
OSU 1322 29.1d-s
19x9 29.6d-s
24x17 30.0d-s
22x20 30.2d-s
31x3 30.4d-s
12x10 30.4d-s
1x20 30.5d-s
12x3 31.2d-s
H4 31.4d-s
11x11 31.4d-s
2747 31.5d-s
22x20 32.2d-s
20x2 32.2d-s
4x4 32.4d-s
17x10 32.5d-s
TifGrand 33.0d-s
29x4 33.3d-s
P1291584 34.1d-s
38x9 34.3d-s
19x2 34.7d-s
Northbridge | 34.7d-s
2x3 34.7d-s
39x20 34.8d-s
P1290905 35.0d-s
23x20 35.8d-s
C.trans 1 35.9d-s
3x7 36.0d-s
16x20 36.0d-s
36x19 36.8c-r
16x19 37.3cr
OSU 1310 37.4cr
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15x4 37.7c-r

#61 37.8c-r

3x2 38.5¢c-q
3x7 39.9¢-q
1x7 40.0c-q
21x14 40.3c-q
#29 40.7¢c-q
0OsuU1163 41.3c-q
23x17 44.1c-p
25x3 45.0c-p
PI291581 45.2c-0
N-TifEagle 46.1c-n
16x5 47.7¢c-m
37x3 47.9c-m
Patriot 49.4c¢-|

P1290812 49.7c-k
P1290894 49.8c-k
16x8 50.2c-j

20x20 54.2b-i

28x19 56.9b-h
OSU 1328 57.5b-g
16x11 57.9b-g
13x20 58.1b-f
P1286584 59.2b-e
Latitude 36 59.3b-d
27x2 67.3a-c
577 82.3ab

15x16 88.5a

“Means followed by the same letter are not significantly different (Duncan’s multiple
range test at p<0.05).
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USGA ID#: 2020-11-716

Title: Expression profiling of host plants and Ophiosphaerella spp. during infection and colonization of
diseased and asymptomatic hosts

Project Leader: Walker, N. R., D. Hagen, C. D. Garzon*, and Y. Wu

Affiliation: Oklahoma State University, 127 Noble Research Center, OSU, Stillwater, OK 74078. * C.
Garzon is now affiliated with Delaware Valley University, Doylestown, Pennsylvania

Objectives:

1. Use a bioinformatics approach to identify the gene(s) that are upregulated or downregulated during
infection and colonization in warm temperatures not conducive for necrosis of the host tissues.

2. To use the same approach with several asymptomatic hosts and non-disease hosts.

3. Conduct similar studies with Kentucky Bluegrass and O. korrae at cool and hot temperatures.

Start Date: January, 2020 (funds released to the PI in July, 2020)
Project Duration: 2020-2024 (3 years with a one year no cost extension)
Total Funding: 85,792

Summary Points:

e A Ph.D. student was recruited and started on the project in late spring of this year.

e Research efforts were disrupted by the pandemic, critical training/learning opportunities for the
student were cancelled.

e Two virtual bioinformatics workshops have been completed by the student, two more are in
progress.

¢ RNA degradation and foreign contamination have been an issue but typical at the beginning of
these types of studies.

Summary Text:

Bermudagrass (Cynodon dactylon) and interspecific hybrids of bermudagrass (C. dactylon x C.
transvaalensis) are the predominant turfgrass used for athletic, commercial, and residential urban ground
cover in the southern United States. In regions where bermudagrasses enter a cold temperature induced
dormancy during winter months, the disease spring dead spot (SDS) is the most devastating and important
disease of this turfgrass (Figure 1). The disease is caused by three closely related fungi in the genus
Ophiosphaerella (O. herpotricha, O. korrae, and O. narmari). In addition O. korrae is the causal agent
of necrotic ring spot of Kentucky bluegrass (Poa pratensis), a cool-season grass in the northern United
States when the plants are exposed to elevated temperatures. To develop effective, durable bermudagrass
cultivars that are resistant to the disease, a thorough understanding of how the pathogen induces necrosis
of host tissues is necessary. Based on extensive gains in our understanding of the spring dead spot
host/pathogen interaction and how they differ for resistant and susceptible cultivars (Figure 2), a
bioinformatics approach will be used to identify the gene(s) in the fungus responsible for producing
effectors of necrosis. Based on past research candidate necrotrophic-effector genes were identified in the
fungal genomes, which were also found to be up-regulated in planta. Among these candidate genes, three
were associated with pathogen-associated molecular pattern-triggered immunity. This implied that
Ophiosphaerella-induced necrosis is the result of a plant basal defense mechanism. Expression profiling
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analysis of roots of susceptible bermudagrass cultivar Tifway infected with O. herpotricha demonstrated
activation of plant innate immunity responses mediated by activation of jasmonic acid potentially
resulting in hypersensitive response. The tolerant U3 biotype showed activation of basal defense
response mediated by salicylic acid (Figure 3). This salicylic acid-mediated signaling could be involved
in enhanced resistance to nutrient starvation and cold tolerance that allows the host to withstand pathogen
infection and avoid organ death during periods of cold-temperature induced dormancy. The goal of this
research is to complement past studies to elevate the understanding of the SDS pathosystem to a level
where bermudagrass breeding efforts can use known host specific disease resistance gene(s) to develop
new cultivars with enhanced disease resistance.

Methodologies are similar for all studies where plants will then be incubated at various conducive and
non-conducive temperatures with isolates of Ophiosphaerella spp. and total RNA will be extracted from
roots by flash freezing in liquid nitrogen, and preserved. Sequencing library preparation of RNA samples
will be performed and sequenced using Illumina HiSeq System. Gene expression will be considered
differentially expressed based on 5% false discovery rate and log fold change of two. The identities of
fungal effector(s), and gene enrichment analyses from diseased plants at cool temperatures will be done
using bioinformatics approaches similar to what was done previously.

A Ph.D. student was recruited in late spring and studies with bermudagrass, bentgrass, Kentucky
bluegrass, wheat, and Arabidopsis species were started, but plagued with low quality RNA yields and
often foreign fungal contamination. This is typical for students starting these types of studies and usually
is overcome quickly; however, the pandemic has made advancing this research challenging. Studies will
continue and will take some several years to complete.

Images:

Figure 1. Spring dead spot symptoms. Necrotic patches present on a golf course fairway in mid-May
(left). Weed encroachment in a patch (right).
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Figure 2. Colonization of a spring dead spot susceptible bermudagrass and cortical necrosis by
Ophiosphaerella korrae (left), a tolerant bermudagrass (center) exhibiting vascular colonization by O.

korrae and no necrosis, and O. korrae colonization of a grass which does not produce disease (right).
Pictures by F. Flores.
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USGA ID#: 2016-01-551

Development of New Bermudagrass Varieties with Improved Turfgrass Quality
and Increased Stress Resistance

Yanqi Wu, Dennis Martin, Justin Quetone Moss, and Nathan Walker
Oklahoma State University

Objectives:

1. Improve bermudagrass germplasm for seed production potential, turf performance
traits, and stress resistance.

2. Develop, evaluate and release seed- and vegetatively-propagated turf bermudagrass
varieties for use on fairways, tee boxes and putting greens.

3. Assemble, evaluate and maintain Cynodon germplasm with potential for contributing to
the genetic improvement of the species for turf.

Start Date: 2016
Project Duration: six years
Total Funding: $300,000

Bermudagrass is the most widely used warm-season turfgrass in the southern and
transition states in the USA, and throughout tropical and warmer temperate regions around the
world. Global warming arguably has increased or will increase the use of turf-type bermudagrass
in climates typically dominated by cool-season turfgrasses, however various challenges in these
locations still exist. Turfgrass managers and consumers desire new bermudagrass varieties with
greater cold tolerance, enhanced turf quality, improved drought resistance, increased host plant
disease resistance [i.e., spring dead spot (SDS), leaf spot disease, etc.], improved insect
resistance (mites, armyworms, etc.), reduced requirements for mowing and fertilization, better
shade tolerance, and faster divot recovery rate. The Oklahoma State University (OSU) grass
breeding program released seed-propagated turf-type bermudagrass cultivars “Yukon’ in 1996
and ‘Riviera’ in 2000, and vegetatively-propagated cultivars ‘Patriot’ in 2002, ‘Latitude 36 ™"
and ‘NorthBridge ™’ both in 2010, and ‘Tahoma 31®” in 2017 for commercial use by the
turfgrass industry. The long-term goal of the OSU program is to continue the development of
new cultivars with high turfgrass quality and improved resistance to abiotic and biotic stresses.

Developing putting green-type bermudagrass cultivars is an important component of the
current research grants funded by the US Golf Association and the Oklahoma Center for the
Advancement of Science and Technology. Since 2015, six field trials have been established to
test performance under golf putting green management conditions at the OSU Turf Research
Center (TRC). In 2017, 2018, and 2019 replicated plots of several experimental selections and
two standards (Champion Dwarf and TifEagle) were established for testing disease resistance. In
2018 the 2017-planting was infested with root-knot nematodes (Meloidogyne marylandi), leaf
spot (Bipolaris cynodontis), and the causal agent of root-decline of warm-season grasses
(Gaeumannomyces graminis) the three most common diseases in the region on ultradwarf
bermudagrasses. The 2019 planting was infested in 2020 and the 2017 and 2018 established
plots were evaluated for nematode reproduction, leaf spot and root decline severities.
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The 2018 established putting green mowing trial, including 19 OSU experimental
selections and three commercial cultivars (‘Champion Dwarf’, ‘TifEagle’, and ‘Sunday’), was
continued this year. On the basis of data collection in the past three years, one genotype ‘11x2’
that had decent performance under low mowing heights was selected for further evaluation. This
test is uncovered this winter to evaluate freeze tolerance and spring green up in the field and will
be terminated in the spring of 2021. We established a 2019 putting green mowing test
encompassing 16 OSU experimental selections and four cultivars (Champion Dwarf, TifEagle,
‘Mini Verde’, and Sunday). Unfortunately this new test was damaged by the flooding so we had
to re-prepare plant materials in a greenhouse and replant the test in the summer of 2019. This test
was continued in 2020 (Figure 1). In addition, 10 new experimental selections as local entries
were included in the 2019 NTEP warm-season putting greens trial as field space was available at
the OSU TRC. This group of experimental selections constitutes our 6" set of materials for
putting green tests. This test was continued in 2020.

A replicated trial established at the OSU TRC in the summer of 2017 was continued this
year. The trial included 35 OSU vegetatively-propagated experimental selections, four
vegetatively-propagated commercial cultivars (‘Astro,” ‘Latitude 36™,” Tahoma 31™ and
‘Tif Tuf®”), 11 seed-propagated experimental synthetics and two seed-propagated commercial
cultivars (‘Riviera’ and ‘Monaco’). We collected data for spring greenup, percent living cover,
turf quality, and disease response. Irrigation to the trial was shut off in July of 2020 onward,
leaving the trial under ambient rainfall conditions. Optimally timed rainfall events as well as
suitable amounts of rainfall prevented the on-set of visual symptoms of drought stress in 2020.
This methodology will continue in 2021. Several experimental lines lacked suitable winter-
hardiness under field conditions and have been eliminated by winter-Kkill since inception of the
trial.

Another replicated trial established at the Oklahoma Panhandle Research and Extension
Center, Goodwell, OK in the summer of 2017 was completed this year. As part of graduate
student Mr. Shuhao Yu’s PhD dissertation research (Figure 2), this test included 78 OSU
experimental selections and six commercial cultivars (Latitude 36 ™, NorthBridge ™, TifTuf®,
‘Tifway,” Astro and ‘U3”). Data were collected for spring green up, turf quality, seedhead
prolificacy, drought resistance, and fall color retention. The reliability estimates for drought
response ranged from low to moderate (0.20 < i? < 0.63). The estimates for two spring greenup
phenotypes were low (0.27 and 0.08), indicating low reliability of this response and suggesting
that winter survivability and drought resistance should be evaluated in separate trials in the
future.

Summary Points

e One green-type experimental genotype ‘11x2’ in the 2018 replicated test was selected
for further evaluation.

e Three mowing tests were continued while one test was completed.

e Winter survivability and drought resistance in turf bermudagrass needs to be evaluated in
separate trials due to the significant low reliability of winter survivability under drought
stress.

e Disease resistance testing of green-type bermudagrass selections was continued.
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Figure 1. Substantial variation for fall color retention exists in 16 OSU experimental genotypes
along with four standard cultivars (Champion Dwarf, TifEagle, Mini Verde, and Sunday) in the
2019 putting green mowing trial (F16) at the OSU Turf Research Center, Stillwater, OK

Figure 2. Mr. Shuhao Yu, Ph.D. student was evaluating drought responses of experimental
bermudagrass genotypes in a replicated test at the Oklahoma Panhandle Research and Extension
Center, Goodwell, OK
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USGA ID#: 2016-34-604

Title: Identification of bermudagrass and zoysiagrass with green color retention at low temperature

Project Leader: Joseph G. Robins and B. Shaun Bushman
Affiliation: USDA-ARS Forage and Range Research

Objectives:

1) Screen germplasm of Bermuda grass and zoysiagrass for green color retention when exposed to cool
temperature growth.

2) Identify germplasm sources for ongoing selection for increased color retention under cool
temperatures.

Start Date: 2017
Project Duration: 5 years
Total Funding: $225,000

Summary Points:
e The first run of the zoysia grass evaluation revealed significant differences among the
genotypes.
e  We will run the zoysiagrass evaluation twice more and bermudagrass evaluation three times.
e We will use the five high and low zoysiagrass and bermudagrass genotypes for candidate gene
analysis cool temperature color retention.

Summary Text:

Bermudagrass and zoysiagrass are perennial warm season grasses commonly used as turfgrasses
in subtropical and tropical regions of the US and other countries. Under hot, and often drier, conditions
these grasses provide high quality turf with limited irrigation. Unfortunately, during cooler winter
months in these regions, bermudagrass and zoysiagrass tend to lose their green color. In response,
managers often overseed these species with annual or perennial ryegrass to maintain turf quality and
quality on athletic fields. Ryegrasses serve to maintain green turfgrass during these cooler months, but
also require substantial inputs of irrigation and fertilization, which makes this approach less
economically and environmentally sustainable. An alternative to this approach is the identification of
genetic variation within bermudagrass and zoysiagrass to retain green color and quality under cooler
winter temperatures. Cultivars that possess increased winter color retention would serve as a tool for
managers to increase profitability and decrease environmental impact.

With bermudagrass and zoysia grass germplasm from University of Florida, Oklahoma State
University, and Texas A&M University, the USDA Forage and Range Research Unit (FRR) in Logan, UT
initiated a greenhouse and growth chamber analysis of the cool temperature color retention of these
two species. This research complements and supplements similar in field research at University of
California at Riverside.
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Beginning in fall 2017, the FRR received germplasm from the cooperating universities and
initiated cloning to sufficiently replicate plants for the growth chamber evaluations. Plants were cloned
to create replicates for the growth chamber cool temperature evaluations. Fifty cell (4.7 cm across x 6.4
cm deep) plant trays were used for the evaluation. Individual clonal ramets from each genotype were
randomly assigned to individual cells in a tray. Each plant was replicated three times for the randomized
complete block design. Each block was placed in a separate growth chamber. Once cloning was
completed, the plants grew in the cells for one month prior to being placed in the growth chambers.
After acclimating in the growth chamber for one week, temperatures were decreased by 20 °Cto 5 °C
over the course of eight weeks. Each week digital images were taken of each flat using a digital camera
and a customized light box. While the bermudagrass clones were in the growth chamber, the zoysiagrass
genotypes were clones and prepared, in the same manner, for the cool temperature evaluation. The
evaluation continued with alternating bermudagrass and zoysiagrass runs until three runs were
completed for each species. The 2019 US Government shutdown and the 2020 COVID-19 epidemic
slowed and created some complications with the evaluations. However, as of January 2021 the research
is on the final run. Digital images are processed weekly, including software to “cut” the image of each
individual cell from the overall flat picture and then convert all images to ratings of dark green color
index using Turf Analyzer software. Upon completion of the final run all data will be analyzed as a mixed
model to determine the relative green color retention of each population.

Initial analyses identified differences among the populations for green color retention. Following
the growth chamber studies, we will identify five high and low color retention genotypes from each
species and complete a modified bulk segregant analysis using candidate genes to characterize potential
genetic controls for this trait in both species. We will also compare the results obtained in the field
studies in California to determine the relationship between growth chamber and field results. We hope
the result will be a high-throughput methodology to characterize turfgrass species for cool-season color
retention.
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Figure 1. Digital images of trays containing 50 individual genotypes (clones) at different time points in
the cool-season color retention evaluation.
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USGA ID: 2016-38-608

Title: Breeding for Resistance to Winter Dormancy in Bermudagrass and Zoysiagrass
Project leader: Kevin Kenworthy, John Erickson, Kenneth Quesenberry

Affiliation: University of Florida

Objectives:

1) Develop germplasm and cultivars of bermudagrass that are winter dormant resistant.
2) Develop germplasm and cultivars of zoysiagrass that are winter dormant resistant.

Start date 2016
Project duration 5 years
Total funding $150,000

Summary Points
e Advanced lines and commerical cultivars of bermdagrass and zoysiagrass show separation for fall wear
tolerance and resistance to leaf tissue freeze damage.
e 100 lines of zoysiagrass were selected for winter performance and drought tolerance from spaced plant
nurseries.
e Seed was harvested from crossing blocks planted with non-winter dormant germplasm

The Florida turfgrass industry is among the largest and most dynamic turfgrass industries worldwide. Florida has more
golf courses and acres in sod production than any other state in the U.S. To aid golf course superintendents and ensure
the continued growth of golf in Florida, better turfgrass cultivars are needed. The majority of golf in Florida is played
through the winter months when turfgrass growth, density and turf quality have declined. We propose to improve two
warm-season genera of turfgrass with the major objective to screen and breed new cultivars that lack an ability to enter
winter dormancy. Sub-objectives for improvement include sting nematodes, drought and large patch resistance.

2017 trials of bermudagrass and zoysiagrass were terminated and the focus is now on 2019 planted trials of both
species. The bermudagrass trial contains 27 entries; nine commercial cultivars and 18 experimental lines. The
zoysiagrass trial contains 27 entries; two commercial cultivars and 25 experimental lines. For each trial, the plots are 9’ x
9’, planted in a randomized complete block design with three replications. Through 2020, the trials completed
establishment. During the fall of 2020 plots were split and traffic was applied as one pass of traffic per week for six
weeks using a modified Baldree traffic simulator. The initial application of traffic was applied 6 October 2020, occurred
weekly thereafter, and the final application occurring 10 November 2020. Visual ratings were initiated near the end of
October for turf quality and percent green cover. Ratings continued through early December to capture both regrowth
after ceasing traffic and the effects of freezing events. Two significant freeze events occurred for our location during the
rating period. Both periods of freezing temperatures lasted for durations of five hours and occurred on the 2" and 9* of
December with lows of 28° F and 31° F respectively. Plots were watered to prevent moisture stress and mowed twice
per week at 0.5”. In the later half of 2020, fertilizer was applied as follows: 8 August, 10-0-20 was applied at 1/2 Ib N per
1000 ft%; 29 September, 12-0-0 was applied in liquid form at 1/8 Ib N per 1000 ft%; 23 October, 42-0-0 Polyon was applied
at % b N per 1000 ft2.

Bermudagrass

The nine included commercial cultivars of bermudgrass were Tifway, TifTuf, Celebration, Latitude 36, NorthBridge,
Tahoma 31, Landrun, Iron Cutter and Bimini. Visual ratings were initiated during the third week of traffic (Oct. 21) and
continued for four weeks after the last application of traffic (Dec. 11). Table 1 contains the mean turf quality ratings of
bermudagrass by date for each entry and its split treatment of no traffic (N) and traffic (Y). Entries are sorted by their
Turf Performance Index (TPI) with traffic (last column). Therefore, the quality of an entry can be followed through fall
with and without traffic. The last application of traffic occurred 10 November; therefore, any decrease in quality from 19
November to 11 December was due to the onset of dormancy caused decreasing photoperiod and exposure to low
temperatures.
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TifTuf and FB1630 were the best performing entries with and without traffic. Both grasses had the highest possible TPI
values for TPI NT (no traffic) and TPI YT (yes traffic). Latitude 36 and Celebration were the next best commercial entries.
Both were competitive in their maintanance of turf quality under traffic. Additional competitive experimental lines were
FB1628, 481-2, 9-6-8 and 343-34.

In the absence of traffic, several entries, 481-2, Latitude 36, Celebration, 9-6-8, and FB1634 maintained acceptable
quality until 19 November. However, FB1630 and TifTuf maintained acceptable quality without traffic until 30 November
and 4 December respectively. In plots that received traffic, several entries maintained acceptable quality through 29
October (following four traffic applications); however, FB1630 maintained acceptable quality, with traffic, through 30
November.

Figure 1 illustrates the effects of traffic and low temperature stress on the visual percent green cover of bermudagrass.
The ratings on 21 October were from non-trafficked plots. At this time, most entries had > 90% green cover. Applications
of traffic stopped on 10 November; therefore, the ratings on 12 November provide an indication in the decline in cover
following six weeks of traffic applications. Many of the most wear tolerant entries on 12 November were between 75
and 81% cover. This included TifTuf, FB1628, 481-2, 9-6-8, Celebration, Iron Cutter, Tahoma 31, 343-34, and 80V. FB1630
maintained the highest percent green cover after six weeks of traffic with a rating of 88%. The percent cover ratings
from 19 November are uniformly higher and indicate the regrowth and recovery potential of each entry after the last
application of traffic. Two entries increased above 90% green cover, 481-2 and FB1630, followed closely by Celebraton
and TifTuf. The percent green cover ratings on 11 December occurred after two freeze events and additional daily lows
in the the 30s. Therefore, the final rating provides an indication of an entrie’s ability to maintain green cover through
wear and low temperature stress. Many entries lost significant green cover following the freezing temperatures. For
example, 19-12-2, went from 75% to 20% green cover between 19 November and 11 December. TifTuf maintained close
to 70% green cover indicating that it is both wear tolerant and can maintain leaf tissue integrity through freezing
temperatures (i.e. leaf tissue freeze resistance). FB1630, 481-2 and Celebration exhibited a significant loss in percent
green cover following the two freeze events indicating that they are not resistant to leaf tissue freeze damage.
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Table 1. Turfgrass quality of 27 bermudagrass entries with and without wear through the fall of 2020 in
Citra, FL

10/21/20  10/29/20 11/06/20 11/12/20 11/19/20 11/30/20 12/04/20 12/11/20
Traffic  Traffic Traffic Traffic Traffic Traffic Traffic Traffic

TPl TPI
Entry N Y N Y N Y N Y N Y N Y N Y N Y NT YT
TifTuf 7.7¢ 60 80 60 80 57 70 53 67 53 70 53 63 50 53 50 80 80
FB1628 67 60 63 53 63 53 60 50 57 50 53 47 57 50 50 43 50 80
FB1630 77 70 73 63 67 63 67 60 70 60 63 6.0 57 53 47 47 80 80
481-2 73 63 60 53 60 50 60 57 63 57 57 53 57 50 43 47 50 7.0

Latitude36 67 53 70 57 63 53 63 47 60 43 57 47 47 40 43 43 60 7.0
Celebration 77 60 73 60 63 53 57 50 60 53 53 50 53 43 40 40 40 7.0

FB1903 60 57 57 53 53 53 60 53 47 43 50 50 43 40 37 33 20 50
9-6-8 60 50 67 50 67 50 60 43 63 50 63 43 57 47 47 43 80 40
343-34 70 57 73 57 67 50 63 50 57 50 57 43 50 40 43 33 60 4.0
80V 63 53 70 57 70 50 57 40 53 47 57 50 47 40 40 33 40 30
Landrun 60 53 60 50 63 47 50 3.7 53 43 47 37 47 43 33 40 10 30
FB1634 6.0 47 57 47 53 47 53 43 60 43 53 50 53 40 40 40 30 20
IronCutter 63 53 73 60 70 50 57 47 50 43 47 33 30 30 37 33 30 20
77V 53 50 50 47 53 43 50 37 53 43 47 40 47 40 47 40 10 1.0
343-44 57 47 60 50 63 47 53 40 50 3.7 47 33 43 30 43 37 10 1.0
Tifway 57 47 67 53 63 47 60 40 50 40 53 43 43 40 40 37 20 10
Tahoma3l 60 53 57 50 63 50 53 40 50 43 53 40 40 37 33 30 10 10
19-12-2 60 53 63 50 60 47 57 33 50 37 50 30 40 27 23 20 10 1.0
7-16-57 63 50 63 53 63 43 57 40 57 43 57 43 43 37 23 23 10 1.0
78V 57 47 53 43 57 40 50 40 47 37 47 37 40 27 37 30 00 00
NorthBridge 53 43 50 40 53 43 53 37 47 33 43 33 43 30 37 33 00 00
79V 57 43 57 43 53 37 43 33 47 37 43 37 37 30 33 33 00 00
9-6 50 47 50 47 53 47 50 40 50 43 47 43 40 37 33 33 00 00
Bimini 47 43 43 37 50 37 43 33 43 33 43 33 43 33 33 30 00 00
9-6-2 33 33 40 40 40 33 37 33 37 33 40 37 33 30 30 23 00 00
9-3-4 47 43 47 43 47 37 43 37 40 40 37 30 30 33 27 27 00 00
FB1902 37 33 40 37 40 30 43 30 40 27 37 27 37 23 20 20 00 0.0
Isd

(p <0.05)* 18 14 17 16 14 13 13 15 12 13 15 14 11 12 10 1.0

SN = No Traffic; Y = Yes Traffic; TPI NT = Turf Performance Index No Traffic; TPI YT = Turf Performance Index
Yes Traffic; Turf Performance Index = the number of times an entry fell into the top statistical catergory (bolded
means) for a rating date.

€Visual ratings of turfgrass quality, where 1 = dead plot; 9 = extremely high quality; and 6 = acceptable quality.

*Isd = least significan difference. Turfgrass quality means with a column that differ by more than the Isd value are
signficantly different (p<0.05).
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Bermudagrass Percent Green Cover (traffic and freezing temps)
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Figure 1. Visual Percent Green Cover ratings of 27 bermudagrass entries in the fall of 2020. In
October plots were split between traffic and no traffic subplots. A single pass of traffic was applied
using a Baldree traffic simulator on 6, 13. 20 and 27 October, and 3 and 10 November. Visual ratings
of subplots were initiated 21 October and continue weekly until 11 December. Freezing
temperatures occurred 2 and 9 December. The 21 October rating is from the subplot with no wear to
provide a baseline for the effects of wear and freezing temperatures. The 12 November rating is from
the trafficked subplot and provides an indication of the effects of weekly traffic treatments for the
prior six weeks. The 19 November rating is from the trafficked subplot and provides an indication of
recovery potential one weak after stopping traffic. The rating on 11 December is the combined effect
of traffic and low temperature stress on percent green cover.

Zoysiagrass

Table 2 contains the mean turf quality ratings of zoysiagrass by date for each entry and its split treatment of no traffic
(N) and traffic (Y). Visual ratings were initiated during the fourth week of traffic (Oct. 29) and continued for four weeks
after the last application of traffic (Dec. 11). Entries are sorted by their Turf Performance Index with traffic (last column).
Therefore, the quality of an entry can be followed through fall with and without traffic. The last application of traffic
occurred 10 November; therefore, any decrease in quality from 19 November to 11 December was due to the onset of
dormancy caused decreasing photoperiod and exposure to low temperatures.

CitraZoy, FAES1319, and FAES1335 were the best overall entries with and without traffic, achieving the highest possible
TPl values (Table 2). These lines were closely followed by FAES1329, FZ1642 and FZ1683 which were equivalent without
traffic and very similar with traffic. Entries with good quality without traffic and poor quality with traffic were FZ1440
and FZ1367.

Considering turfgrass quality with and without traffic, more than half of all entries had acceptable turfgrass quality
without traffic on 19 November. For subsequent ratings, only five entries continued to consistently produce acceptable
quality: CitraZoy, FAES1319, FAES1329, FZ1642 and FZ1683. FAES1319, FAES1329 and FZ1683 were the most consistent
and able to maintain quality following the two freeze events. With traffic, 14 entries had acceptable quality on 29
October, following four weeks of traffic. After the fifth week of traffic only five entries had acceptable quality: CitraZoy,
FAES1319, FAES1335, FZ1642, and FZ1683. No entries maintained acceptable quality after six weeks of traffic.
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Figure 2 illustrates the effects of traffic and low temperature stress on the visual percent green cover of zoysiagrass. The
rating on 29 October are from non-trafficked plots. At this time, all but three entries had > 90% green cover, with several
near 100%. Applications of traffic stopped on 10 November; therefore, the ratings on 12 November provide an
indication in the decline in cover following six weeks of traffic applications. At this point, eight entries maintained > 80%
cover, with FAES1319 above 90%. The additional seven traffic tolerant entries were CitraZoy, FAES1329, FAES1335,
FZ1642, FZ1680, FZ1682 and FZ1683. As observed with bermudagrass, several zoysiagrass entries exhibited an increase
in percent green cover one week after the final application of traffic. Entries with the best regrowth were Zeon,
FAES1306, FZ16106, and FZ1721. None of these were among the overall better performing entries. Entries with minimal
decreases in green cover following the freeze events were FAES1319, CitraZoy, FZ1643, FZ1680, FZ1727, FZ1683,
FZ1367, FAES1306, FZ1436, FZ1722 and FZ1368. These entries exhibit improved resistance to leaf freeze damage.
Combining traffic tolerance and leaf tissue freeze resistance, three entries maintained their percent green cover at 80%
or higher: CitraZoy, FAES1319, and FAES1329.

In conclusion, entries were identified within both bermudagrass and zoysiagrass that exhibit tolerance to fall
applications of traffic and an ability to resist leaf damage from two freeze events. TifTuf, FB1628, FB1630, Latitude 36,
481-2 and Celebration were among the most wear tolerant bermudagrasses. TifTuf was more resistant to leaf tissue
freeze damage; however, in the absence of freezing temperatures with traffic, FB1630 maintained acceptable turfgrass
quality longer into the fall than any other entries in the study.

CitraZoy, FAES1319, FAES1335, FAES1329, FZ1642 and FZ1683 maintained better turf quality and tolerated traffic
compared to other evaluated zoysiagrasses. Several entries appeared to have improved resistance to damage from
freezing temperatures. However, those with the best combination of leaf tissue freeze damage resistance and traffic
tolerance were CitraZoy and FAES1319.

Additional activities related to the objectives were the selection of 100 zoysiagrass lines from a spaced plant nursery
that was planted in 2017. Selections were based on winter color retention, turf quality and persistence. A new 2020
zoysiagrass spaced plant nursery was planted with 1,000 accessions.

Seed was harvested from both bermudagrass and zoysiagrass crossing blocks. This seed will be germinated for new
spaced plant nurseries in 2021. A new crossing block of bermudagrass was planted in 2020.
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Table 2. Turfgrass Quality of 27 zoysiagrass entries with and without traffic through the fall of

2020 in Citra, FL
10/29/20  11/06/20 11/12/20 11/19/20 11/30/20 12/04/20 12/11/20

Traffic  Traffic Traffic Traffic Traffic Traffic Traffic

TPI TPI
Entry N° Y N Y N Y N Y N Y N Y N Y NT YT

CitraZoy 7.7¢ 70 73 63 67 53 67 53 60 47 63 50 53 50 70 70
FAES1319 87 80 80 6.7 63 53 63 53 63 50 63 57 63 47 70 70
FAES1335 73 70 70 63 63 53 6.7 53 57 47 57 50 57 53 70 70
FAES1329 80 6.7 6.7 57 60 50 63 53 60 43 63 50 60 47 70 6.0
FZ1642 87 80 80 63 6.7 50 67 50 60 47 57 43 60 50 70 6.0
FZ1683 80 70 73 60 6.7 47 67 53 60 53 60 43 60 53 70 6.0
FZ1674 7.7 73 63 57 53 40 53 47 53 43 47 40 53 47 50 50
FZ1680 70 63 6.7 53 63 50 6.0 53 57 50 6.0 47 47 43 40 40
FZ1682 80 7.0 73 57 57 43 57 47 57 40 53 43 53 47 7.0 40
FZ1732 6.7 57 60 50 53 47 6.0 50 57 43 50 43 50 43 30 40
FZ1723 70 63 6.7 57 63 47 63 47 57 40 57 40 53 47 6.0 3.0
FZ1727 70 57 67 53 57 47 57 50 53 43 53 43 50 40 50 30
FZ1436 70 57 6.7 50 53 40 6.0 43 50 43 50 40 57 43 40 20
FZ1643 70 57 73 50 57 40 6.0 40 53 43 50 3.7 47 43 40 20
FZ1667 83 6.7 73 53 53 37 6.0 47 6.0 47 53 40 57 47 40 20
FZ1722 73 63 70 53 50 43 57 43 53 43 47 43 57 50 50 20
FZ1440 73 53 70 50 60 40 60 43 57 40 57 33 57 43 70 10
FZ1681 77 67 67 47 50 37 53 43 50 33 50 40 50 47 30 10
FAES1305 53 47 47 37 40 27 37 33 37 30 30 23 37 37 00 00
FAES1306 70 53 63 53 53 33 6.0 40 50 40 47 37 50 40 20 00
FZ1367 73 63 70 53 63 40 57 40 53 40 53 43 50 40 6.0 00
FZ1368 6.3 53 60 47 47 33 50 40 43 30 47 30 47 37 00 00
FZ16106 60 47 50 33 50 30 50 37 40 27 43 33 43 37 10 00
FZ1721 57 47 60 47 50 27 60 40 47 33 50 37 47 33 10 00
FZ1728 6.7 53 6.7 47 50 33 50 40 43 37 50 40 47 40 10 00
FZ1742 57 47 60 43 50 37 43 33 47 37 37 30 37 33 00 00
ZEON 6.0 43 50 40 40 23 40 33 40 33 33 23 40 30 00 00

Isd*
(p<0.05) 15 11 16 11 15 10 13 08 13 1.1 13 09 1.2 1.2

8N = No Traffic; Y = Yes Traffic; TPI NT = Turf Performance Index No Traffic; TPI YT = Turf Performance Index
Yes Traffic; Turf Performance Index = the number of times an entry fell into the top statistical catergory (bolded
means) for a rating date.

€Visual ratings of turfgrass quality, where 1 = dead plot; 9 = extremely high quality; and 6 = acceptable quality.

*Isd = least significan difference. Turfgrass quality means with a column that differ by more than the Isd value are
signficantly different (p<0.05).
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Zoysiagrass Percent Green Cover (traffic and freezing temps)
100

90
80
7
6
5
4
3
2
1

W 10/29/2020 w11/12/2020 m11/19/2020 m12/4/2020

OO O O O O o o o

FAES1319
CitraZoy
FAES1329
FZ1642
FZ1643
FZ1680
Fz1727
ES1335
FZ1683
FZ1367
FZ1667
Fz1723
FAES1306
FZ1436
FZ1722
FZ1732
FZ1674
FZ1440
FZ1682
FZ1681
FZ1728
Fz1721
FZ16106
FZ1368
FZ1742
FAES1305

FA

Figure 2. Visual Percent Green Cover ratings of 27 zoysiagrass entries in the fall of 2020. In October
plots were split between traffic and no traffic subplots. A single pass of traffic was applied using a
Baldree traffic simulator on 6, 13. 20 and 27 October, and 3 and 10 November. Visual ratings of
subplots were initiated 29 October and continued weekly until 11 December. Freezing temperatures
occurred 2 and 9 December. The 29 October rating is from the subplot with no wear to provide a
baseline for the effects of wear and freezing temperatures. The 12 November rating is from the
trafficked subplot and provides an indication of the effects of weekly traffic treatments for the prior
six weeks. The 19 November rating is from the trafficked subplot and provides an indication of
recovery potential one weak after stopping traffic. The rating on 11 December is the combined effect
of traffic and low temperature stress on percent green cover.
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USGA ID#: 2017-21-631

Title: Improvement of Bermudagrass, Zoysiagrass, and Kikuyugrass for Winter Color Retention
and Drought Tolerance

Project leaders: Adam J. Lukaszewski, Marta Pudzianowska, Christian S. Bowman, and James
H. Baird
Affiliation: University of California, Riverside

Objectives:

1. Develop bermudagrass, kikuyugrass, and zoysiagrass turf-type genotypes with improved
winter color retention and drought tolerance for Mediterranean and arid climates.

2. Utilize Diversity Arrays Technology (DArT) markers to aid in breeding efforts and
marker-assisted selection.

3. Develop techniques to reduce kikuyugrass ploidy level to diploid by androgenesis in
order to reduce aggressiveness and improve turf quality and playability characteristics.

Start Date: 2017
Project Duration: 5 years
Total Funding: $250,000

Summary Points

e Evaluation process of Bermuda hybrids planted in 2018 and 2019 identified 73 entries
suitable for different purposes and further tests. The selection process continues.

e Study including 21 UCR hybrids and 4 commercial cultivars at the Shadow Creek GC,
Las Vegas, NV was established in July 2020 to evaluate performance in a harsher
climate.

e Evaluation of the best UCR performers (#17-8, TP6-3, BF2 and #10-9) and seven
commercial cultivars continues at the Napa Golf Course in Northern California to test
performance under regular fairway traffic and maintenance. Cv. Latitude 36 and #17-8
are the best performers so far.

e Thirty-one of best performing kikuyugrass hybrids have been selected for further
evaluation in larger test plots in 2021.

e Testing and selection of bermudagrass and kikuyugrass for drought tolerance was
initiated in 2019 and continued in 2020.

e New cooperation with other warm-season grass breeding programs in the United States
has been established under the Specialty Crop Research Initiative (SCRI) project.

Summary

Warm-season or C4 turfgrass species including bermudagrass, zoysiagrass, and kikuyugrass are
much better adapted to heat, drought, and salinity compared to cool-season grasses, but they go
dormant during winter months making them less desirable choices for lawns, athletic fields, and
golf courses. Clear differences in winter color retention, drought tolerance, and water use
efficiency exist among warm-season grasses, and within individual species, which indicates that
genetic improvements are possible. Our objectives are to develop improved genotypes of these
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three species with emphasis on the winter color retention and drought tolerance for
Mediterranean and arid climates.

Starting in spring 2017 the person responsible for the general advancement and day-to-day
operations of this project is Dr. Marta Pudzianowska. Christian Bowman started as a new Ph.D.
student in Fall 2019. His focus will be on genetics and genomics in this project.

Bermudagrass

In addition to the existing collection of seven Cynodon species (over 100 accessions), a
collection of bermudagrass genotypes from the University of Florida (195 accessions) and
Oklahoma State University (350 accessions) was planted in 2016 and maintained in years 2017-
2020. The collection is continuously supplemented with samples collected locally or donated to
us by others. As in previous years, new hybrids are being produced; in 2020 864 new hybrids
were planted. They are being screened for color retention and turf quality, together with
collection accessions and 1634 hybrids planted in previous years. Based on this evaluation, 48
hybrids were selected for further testing in larger plots at a fairway mowing height, 19 hybrids
for roughs/lawns and six for greens. These hybrids are currently propagated for establishment in
test plots next year. Top performing collection accessions were again intercrossed in 2020
(detached tiller crosses).

Dry-down tests continued in 2020. This study includes 71 best hybrids and collection accessions
identified in previous years, together with five commercial cultivars (‘Bandera’, ‘Celebration’,
‘Santa Ana’, ‘TifTuf’ and ‘Tifway I1’) as checks. Plots were established in May 2019, in a
completely randomized design with three replicates. Two cycles of drought and recovery were
performed in 2020. The results from 2019 and 2020 indicate high drought tolerance of several
UCR hybrids. While high variation between the years was observed, many of our hybrids
performed better in both years than the checks. The best UCR hybrids, ranking in top 10 in both
years, were UCRC180040 and UCRC180229. The best commercial cultivar in both years was
‘Celebration’. Some hybrids appeared to be “primed” to respond to future stress, going dormant
quicker in the second cycle.

The study of suitability of 12 UCR bermudagrass hybrids and three commercial cultivars for
roughs and homeowner use, planted in 2019, continued in 2020. Entries were tested at the West
Coast Turf in Coachella Valley (Thermal, low desert) and at the Santa Lucia Preserve in Carmel-
by-the-Sea (Northern California, Monterey area). The highest quality at both locations was
shown by ‘Bandera’ and BH 19-2, followed by BH 16-4 and BH 17-1. All evaluated
bermudagrasses, except for ‘Midiron” and BH 3-1, retained good color during both winters in
Coachella Valley. At the Santa Lucia Preserve, winter dormancy was observed for all evaluated
entries. As of November 2020, BH 30-9 showed the darkest green color, while ‘Bandera’ was the
only entry almost completely dormant.

The fairway study planted in 2019 in Northern California at the Napa Golf Course in Napa and
the Almaden Golf & Country Club in San Jose continued only at Napa GC, due to reasons
beyond our control. Study includes four top performing in previous trials UCR hybrids: 17-8,
TP6-3, BF2 and 10-9, and seven cultivars: ‘Bandera’, ‘Celebration’, ‘Latitude 36°, ‘Santa Ana’,
‘Tifway II’, ‘TifTuf’ and ‘Tahoma 31’ (added later). Plots (20 x 12 ft) were placed on 2 fairways
and maintained like the rest of the fairway. Plots were evaluated for their performance under
regular golf course traffic and management, and for winter color retention. The best performing
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entries were ‘Latitude 36” and 17-8. Both of them showed good quality throughout the year. In
terms of winter color retention the best entries were 17-8, ‘TifTuf’, ‘Santa Ana’, TP 6-3, BF2
and ‘Latitude 36°, however ‘TifTuf’ was prone to flowering. ‘Celebration’ was the worst
performing entry both in quality and winter color retention, followed by ‘Tahoma 31°.

The latest trial, planted in July 2020, is located at the Shadow Creek GC, Las Vegas, NV and is
focused on winter color retention and spring green-up of the newest UCR hybrids showing good
quality and color retention in Riverside. Twenty-one hybrids were selected for this study and will
be compared to four cultivars: ‘Latitude 36°, ‘Santa Ana’, ‘Tahoma 31’ and ‘TifTuf’.

Based on performance in previous and ongoing studies, 17-8 and TP 6-3 were selected to be
released as commercial cultivars. Additional data on their morphological and other
characteristics are currently being collected.

Kikuyugrass

Evaluation of kikuyugrass hybrids planted in 2019 continued in 2020. Selection for quality,
lower vigor, finer texture, less intensive flowering and good color retention identified 31 hybrids
and accessions. These will be planted in 2021 in larger test plots for further evaluation. These
hybrids will be also used for self-pollination to create lines with enhanced desirable traits for
future crosses and selection.

The kikuyugrass dry-down study started in early summer of 2020. The study was planted in 2019
and performed in a manner similar to that of the bermudagrasses. Thirty eight accessions were
selected based on their performance in a preliminary drought tolerance assessment, with
‘Whittet” selections and ‘AZ-1’ serving as commercial checks. Plots were established in June
2019 in three replicates, with two cycles of drought and recovery applied between June and
October 2020. Kikuyugrass accessions entered dormancy faster than bermudagrass, however,
their recovery was very fast. Reduction of green cover in the second drought period was much
quicker than in the first one in all tested accessions. Several accessions showed better green
cover retention than commercial checks in the first drought period, however during the second
period only WT 19 and OPED 08 outperformed ‘AZ-1’.

Zoysiagrass

Evaluation of a large collection of zoysiagrass genotypes from the University of Florida (155
accessions) and Texas A&M (219 accessions) planted in 2016 continued. Color retention and the
overall quality of these genotypes were evaluated visually. Considerable variation in both

characters was observed among zoysiagrass genotypes with the average color values being
higher than those of bermudagrass.

In 2019, the UCR breeding program established cooperation with five warm-season grass
breeding programs under the Specialty Crop Research Initiative (SCRI) funded by the National
Institute of Food and Agriculture (NIFA). The project involves breeding programs of North
Carolina State University (NCSU), Oklahoma State University (OSU), Texas A&M AgriLife
(TAMUS), the University of Georgia (UGA), and the University of Florida (UF). The lines of
four species (189 lines of bermudagrass, 216 of zoysiagrass, 125 of St. Augustine grass and 90 of
seashore paspalum) were planted in June and July 2020 at the UCR Agricultural Operations field
in Riverside, CA, and will be evaluated for the overall performance and tolerance to various
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stresses. UCR is the testing site for the overall performance, drought and salinity tolerance. In
addition, 20 of UCR bermudagrass hybrids will be tested at six locations for the overall quality,
and at UGA and UCR for drought tolerance.

Refereed Publications

Pudzianowska, M, Mock, TJ, Martin, PM, Lukaszewski, AJ, Baird, JH. Kikuyugrass germplasm
collections in the United States and Australia show low levels of genetic diversity as revealed by
DAIrTseq genotyping. Crop Science. 2020; 60: 2768— 2781. https://doi.org/10.1002/csc2.20231

Pudzianowska, M. and Baird, J.H. (2020), Genetic diversity and species-specific DNA markers
of Cynodon Rich. Crop Sci.. Accepted Author Manuscript. https://doi.org/10.1002/csc2.20369
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Figure 1. Bermudagrass hybrids and commercial cultivars at the Shadow Creek Golf Course,
North Las Vegas, NV. Photo taken on 17 August 2020.
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Figure 2. Bermudagrass genotypes from UCR and commercial cultivars on a fairway at the Napa
Golf Course in Napa, CA. Plots were established on 22 May 2019. Photo taken on 17 January
2020. UCR 17-8 at bottom left, ‘Santa Ana’ at bottom right corner. Above them in adjacent plots
‘Celebration’ and UCR TP 6-3 (from left to right).
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Figure 3. Kikuyugrass dry-down at UCR Agricultural Operations field in Riverside, CA, at the
end of the first drought period. Photo taken on 23 July 2020.
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Figure 4. Zoysiagrass lines in a single space planting nursery in SCRI-NIFA project at UCR
Agricultural Operations field in Riverside, CA. Photo taken on 23 September 2020.
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USGA ID#: 2017-11-621

Title: Development of Seeded Zoysiagrass Cultivars with Improved Turf Quality and High
Seed Yields

Project Leaders: Ambika Chandra, A. Dennis Genovesi, and Meghyn Meeks
Affiliation: Texas A&M AgriLife Research - Dallas

Objectives:

1. Development of finer-textured germplasm/cultivar(s) of zoysiagrass with high seed yields
that offer an economical alternative to vegetative types with the potential for rapid turf
establishment.

2. Breed to improve characteristics such as turf quality, competitive ability, and persistence
under biotic and abiotic stresses.

Summary Points:

e Seed lots harvested from the 2017 Isolation Blocks were scarified and germinated during
the winter of 2019-2020. Due to reduced work times of staff because of social distancing
imposed by COVID-19 pandemic, the newly produced progeny population (650) could
not be planted. They will instead be held over in the greenhouse until the spring of 2021.
A total of 24 new selections (12 red and 12 yellow) were made from the 2017 Isolation
Blocks and the 2015 SPN and planted in 2019 Isolation Blocks. Two of the red seed
parents have not grown well in the isolation block and neighboring entries have
overgrown those plots so the functional number of red seed parents is 10 while the yellow
seed parents remains at 12. Seed from those isolation blocks will be harvested in spring
2021.

e Our collaboration with Johnston Seeds has proven to be productive. Their evaluation of
our germplasm and seed parents for cold hardiness in Enid, OK has led to the
identification of 5 parental lines to be used in two synthetic/polycross nurseries and 11
medium/coarse textured lines for recombination in an isolation block.

Introduction:

Zoysiagrass (Zoysia spp.) is a warm season, perennial grass with several redeeming traits
that contributes to it being used on golf courses and home lawns. Lower level of maintenance
requirements as well as shade tolerance compared to other turfgrasses makes zoysiagrass a
desired option for turfgrass managers (Murray and Morris, 1988). Most cultivars are vegetatively
propagated since they offer a higher quality and more uniform turf than seeded varieties. Seeded
varieties such as ‘Zenith’ and ‘Compadre’ are relatively less expensive to establish when
compared to their vegetative equivalents but lack the finer texture of some of the best vegetative
type lines like ‘Innovation’. Speed of establishment has been shown to be faster with seeded
zoysiagrass varieties when planted at appropriate densities (Patton et al., 2006). Availability of
seed can also be a limiting factor. The focus of this research project is the development of multi-
clone synthetic varieties that exhibit leaf textures finer than Zenith or Compadre with seed yields
that meet the production goals needed to make it profitable to produce. Since the inception of the
project in 2010, our breeding strategy has been to utilize the classical plant breeding method
known as phenotypic recurrent selection. Our approach has been to alternate between Spaced
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Plant Nurseries (SPN) for progeny selection, and isolation crossing blocks to promote
outcrossing and recombination. This strategy should allow for the gradual accumulation, over
multiple generations, of desirable alleles affecting both seed yields and finer leaf texture.

Progress update:

In 2017, we began our fourth cycle of recurrent selection with the planting of 23
advanced lines identified from 1,750 progeny planted in the 2015 SPN. Those 23 lines were
planted in isolation blocks, Red #1 (7 entries), Red #2 (9 entries) and Yellow (7 entries), based
on their seedhead color, seedhead density, height of inflorescence exertion and texture. They
were planted late in 2017 (9/26/17) so they were allowed to grow in during 2018. Seedheads
were harvested on 23 and 28 May 2019 and stored until they could be processed during the
winter of 2019-2020 to produce a clean seed product. The seed was scarified with 30% NaOH
(Yeam et. al., 1985) and seed germinated on either filter paper (Figure 1A) or in potting mix to
produce seedlings for planting in the field in 2020. Those plans had to be modified due to a
reduction in hours in the lab and greenhouse because of the social distancing protocols brought
on by the COVID-19 pandemic. Our goal of producing 25 seedlings growing in a 4” pot from
each of the 26 families was accomplished (Figure 1B). However, their development was too
immature for planting in the field for adequate establishment prior to the onset of fall and winter
in 2020. Our new plans are for field planting in the spring of 2021.

Percent germination for individual seed lots of the 26 families was evaluated by making
three replications of 50 seed from each pedigree and germinating on moistened filter paper in a
100 x 20 mm petri dish. Percent germination results are presented in Table 1. Several of our top
parental lines were comparable to ‘Compadre’. Most notable are 6585-34 and 6596-05 which
also had good traits such as seedhead exertion above the leaf canopy as well as good seedhead
density contributing to seed yield potential.

In 2019 two new Isolation Blocks were planted on 15 August. Parental line selections
were made both from the 2017 Isolation Blocks and the 2015 SPN resulting in 12 red seedhead
types being planted in one isolation block and 12 yellow seedhead types in the other isolation
block. Five of our best red seeded parents were chosen from the 2017 Isolation Blocks to be
combined with six new selections from the 2015 SPN and one of our Cold Hardy/Large Patch
Tolerant advanced lines from another USGA sponsored project. Also, we chose two of our best
yellow seeded parents from the 2017 Isolation Blocks to be combined with 10 new selections
from the 2015 SPN. Of the 12 red seeded parents, two failed to thrive and were overgrown by
neighboring plots resulting in a reduction in red seed parents to 10. All 12 yellow seeded parents
have expanded to fill their plots (Figure 1C). Seed from the 2019 Red and Yellow Isolation
Blocks are scheduled to be harvested in the spring of 2021.

In 2018, we entered a collaboration with Johnston Seed with the transfer of vegetative
material from our most advanced synthetic parents. On 31 July 2018, one - 18 cell tray of each of
13 synthetic parents with intermediate texture were shipped to Johnston Seeds on MTA for
evaluation for cold hardiness. Those parental lines were planted in Enid, OK on 2 Aug. 2018. In
addition, 535 progeny from 16 medium coarse textured families were planted on 6 July 2018 for
evaluation under their growing conditions. Data collected by Dr. Kevin Kenworthy at Johnston
Seed Co. in 2019 and 2020 has allowed them to identify five parental lines for use in two
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synthetic/polycross nurseries. One of those nurseries will have two parents (TAES 6596-05 and
6086-21) and the other nursery will make use of three parents (TAES 6596-05, 6585-34 and
6087-15). The first polycross nursery has been identified based on its flowering date as the
“early seed set nursery” allowing harvest in June and the other polycross nursery identified as the
“later seed nursery” with an estimated harvest date of July. These two polycrosses will be
planted in Enid, OK and Dallas, TX in 2021 for evaluation of seed yields and other performance
characteristics. Furthermore, an evaluation of the 535 progeny in the medium coarse textured
spaced plant nursery led to the identification of 11 potential lines as seed parents with a texture
classification of medium coarse to coarse. These 11 selected seed parents will be allowed to
recombine in an isolation block starting 2021 in Enid OK and Dallas, TX.
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Table 1. Percent seed germination of 26 seeded zoysiagrass families scarified with 30% NaOH.

Percent
Entry Germination'
6585-34 78.0 A
6612-15 70.7 AB
6597-41 69.3 AB
Compadre 69.3 AB
6596-05 58.0 BC
6593-10 50.7 CD
6603-12 48.7 CDE
Red #1 Synthetic 48.7 CDE
Yellow Synthetic 48.0 CDEF
6595-18 45.3 CDEFG
6603-16 42.7 DEFGH
Zenith 41.3 DEFGHI
6611-18 38.7 DEFGHIJ
6600-10 37.3 DEFGHIJ
6610-36 35.3 EFGHIJK
6596-42 333 FGHIJKL
6618-31 31.3 GHIJKLM
6598-38 29.3 HIJKLM
6617-36 29.3 HIJKLM
6600-23 27.3 IJKLMN
6616-35 25.3 JKLMN
6599-05 20.7 KLMNO
6598-02 18.7 LMNOP
6594-09 16.7 MNOP
6596-34 12.7 NOP
6617-17 10.0 OP
6609-24 7.3 OP
Red #2 Synthetic 4.0 P
LSD? 15.2
CV.? 24.7

'Percentage of germination was based on seedling growth of 50 seeds in each of 3 replications

’Means were separated using Fisher’s Least Significance Difference Test (P<0.05). Means with an ‘a’
rating were in the top statistical group.

3C.V. (Coefficient of Variation) indicates the percent variation of the mean in each column.
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Figure 1. (A) Germination testing of seeded zoysias on moistened filter paper in a 100 x 20 mm
Petri dish; (B) Seedlings resulting from the germination of 26 seed lots destined for planting in
the 2021 Spaced Plant Nursery; (C) 2019 Yellow Isolation block containing three randomized
replications of 12 parents photographed on 11 Apr 2020 at spring greenup (C).
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Yeam, D.Y., Murray, J.J., Portz, H.L. and Joo, Y.K. 1985. Optimum seed coat scarification and light
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USGA 1D#: 2018-01-651, 2018-02-652, 2018-03-653

Title: Development of Cold Hardy Zoysiagrass Cultivars for Golf Courses in the Transition Zone

Project Co-Leaders: Ambika Chandral, Jack Fry?, Aaron Patton®, Megan Kennelly?, Dennis Genovesit,
Meghyn Meeks?, Tianyi Wang?, Manoj Chhetri?and Ross Braun®

Affiliation: Texas A&M AgrilLife Research-Dallas?, Kansas State University?, Purdue
University®

Objectives:

1. Phase I (year 1): Completed - Pairwise crossing of cold hardy zoysiagrasses adapted to the
transition zone with under-utilized finer-textured zoysia accessions and large patch-tolerant zoysia
germplasm was completed at Texas A&M AgriLife-Dallas in 2017/2018, and distributed across three
test locations, Olathe, KS, West Lafayette, IN, and Dallas, TX, for evaluations.

2. Phase Il (year 2 and 3): Completed - Field evaluation in 2018/2019/2020 in the form of non-
replicated spaced plant nurseries (SPN) comprised of the newly generated progeny populations in
Olathe, West Lafayette, and Dallas. The objective of Phase 1l was to identify those experimental
hybrids with superior cold tolerance as well as excellent turfgrass quality for different playing
surfaces. Notes were taken for those entries that exhibits no visible symptoms of large patch or
billbug feeding because of the natural infestations, as well as any other stressors that were observed.
(Tables 1, 2, 3a and b) Phase Il has been completed.

3. Phase I11 (year 4-6): In progress - A set of 65 hybrids (25 — Purdue, 20 - KSU and 20 - TAM
AgriLife) was selected in fall of 2020 based on their superior performance in 2018/2019/2020.
Entries will be propagated into 11 18-cell trays in Dallas during the winter of 2020/2021. This
propagated material will be used for field evaluation in the form of replicated field trials (RFT)
planted in summer 2021 at Dallas, Olathe, West Lafayette and seven additional environments. RFT
in Dallas will be conducted under full sun as well as shade (63% PAR reduction). Among the many
traits that are used to characterize turfgrasses (e.g. TQ, Spring Greenup, Genetic Color, etc.), they will
also be evaluated for tolerance to large patch disease in Olathe, KS and to hunting billbug in West
Lafayette, IN. RFTs planted with cooperators at seven additional locations in the transition zone will
include these 65 elite hybrids and will be evaluated for three years 2021, 2022 and 2023.

Summary Points:

Phase II: Data were collected for progeny in spaced plant nurseries planted at three locations in
2018/2019/2020: Olathe, KS (where we planted 1,370 hybrids, 5.1% survived the winters and 20 were
advanced); West Lafayette, IN (we planted 1,624 with 20.7% survived and 25 were advanced); and Dallas
TX (where we planted 1,636 with 72.2% survived and 20 were advanced) (Table 1, 2, 3a and b). The
objective of Phase Il field testing was the selection of experimental lines that have comparable/superior
cold tolerance to that of Meyer with tees to greens turfgrass quality for the golf industry in the transition
zone. Particular attention was placed on the advancement of entries that exhibited no visible symptoms of
large patch disease or hunting billbug susceptibility.

Summary Text:

Zoysiagrass is a warm-season grass that provides an excellent playing surface for golf with low
nutrient and pesticide requirements making it an ideal turfgrass for use in transition zone (Fry et al.,
2008). In the transition zone, ‘Meyer’ (Z. japonica) has been the cultivar of choice since its release in
1951 (Grau and Radko, 1951), primarily because it has excellent freezing tolerance. However, Meyer is
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relatively slow to establish and recover from divots and is coarser textured and less dense than Z. matrella
cultivars (Fry and Dernoeden, 1987; Patton, 2009).

Researchers at Texas A&M AgriLife Research-Dallas and Kansas State University have worked
together since 2004 to develop and evaluate zoysiagrasses with better quality than Meyer but adapted to
the transition zone. From this work, a number of advanced lines derived from paired crosses between Z.
matrella and Z. japonica, were identified (e.g. — KSUZ 0802, KSUZ 0806 and KSUZ 1201) with a level
of hardiness equivalent to Meyer (Okeyo et al., 2011), but with finer texture and better density than
Meyer. Because of its superior performance, KSUZ 0802 (‘Innovation’) was recently co-released by
TAM AgriLife and KSU as a new commercial variety (Chandra et al., 2017).

TAM AgriLife, KSU and Purdue University have been working on a USGA-funded project since
2012 where the main objective is to incorporate large patch (Rhizoctonia solani AG 2-2LP) disease
tolerance, along with cold hardiness and improved quality, into new transition zone adapted
zoysiagrasses. In 2018, the top ten hybrids with intermediate leaf texture (out of over 2,800) exhibiting
large patch tolerance and cold hardiness were selected for advanced evaluations by the three collaborating
institutions and five golf courses. This project is approaching completion with the identification of the
top three entries as our goal.

For the current project, we have initiated new crosses between these intermediate texture types
with cold hardiness available to us from the earlier projects and under-utilized and finer-textured Zoysia
species (Z. pacifica, Z. minima and Z. pauciflora) available in our germplasm collection. The focus of
this project is to develop cold hardy zoysiagrasses with quality suitable for golf course fairways, tees, and
putting greens. In addition to cold hardiness and turfgrass quality, experimental hybrids will also be
evaluated for large patch, hunting billbug and shade tolerance.

We are partnering with Dr. Jack Fry, Turfgrass Scientist at Kansas State University (K-State), Dr.
Aaron Patton, Extension Turfgrass Specialist at Purdue University and Dr. Megan Kennelly, Plant
Pathologist at K-State. These professors have extensive experience with field testing turfgrasses adapted
to the transition zone for cold hardiness and disease susceptibility.

Progeny populations were produced at TAM AgriLife-Dallas and shared with our collaborators
located at Olathe, KS and West Lafayette, IN (Phase I). Phase Il was begun when three spaced plant
nurseries were planted: (1) summer 2018 in West Lafayette, IN by Aaron Patton and Ross Braun, (2) in
2017 and 2018 in Olathe, KS by Jack Fry and Manoj Chhetri and (3) in 2017 and 2018 in Dallas, TX by
Ambika Chandra, Dennis Genovesi, Meghyn Meeks and Tianyi Wang. At West Lafayette, IN out of
1,624 progenies planted, 336 (20.7 %) survived (Figure 1A). Of the 336, there were a range of
differences in leaf texture (8.0 to 3.5), genetic color (8.0 to 4.3), summer quality (7.5 to 4.9), fall turf
cover (75.5 to 10%) and fall color retention (8.0 to 3.0) (data not shown). In Olathe, KS, out of 1,370
progenies planted only 70 (5.1%) survived with a range of different leaf textures (7.5 to 3.5) and vigor
(8.0 to 2.0) (Figure 1B). In Dallas, TX, we planted 1,633 with 1,188 (72.7%) surviving since the climate
is kinder to hybrids with less cold hardiness, we saw a range of ratings for survival (100 to 14.3%), spring
greenup (4.3 to 2.0), establishment (5.2 to 2.3) and turf quality (8.0 to 2.0) (data not shown).

With the additional data taken at the three locations for 2019/2020 winter recovery and 2020
spring and summer growth and performance, dry-down (no supplemental irrigation) in Dallas during the
summer 2020 (Figure 2), the top entries have been identified. From West Lafayette 30 hybrids have been
identified from the 336 survivors (Table 1) and 25 will be tested in the 2021 RFT. Among the advanced
lines are those with Zoysia matrella, Z. pacifica and Z. minima in their pedigrees. From Olathe 22 hybrids
have been identified (Table 2) from 70 survivors with one Z. pacifica derivative. The top 20 will be field
tested in 2021. Thirty-seven percent of the entries tested at West Lafayette were also tested at Olathe. Of
those 37%, entries 6844-152 and 6844-154 both made the top entries list for the two locations. And from
Dallas 20 hybrids have been identified for advanced testing (Table 3a and b) (15 from the 2017 SPN and
5 from the 2018 SPN) out of 1,188 survivors with 16 having Z. pacifica in their pedigrees. Note that
complex hybrids were made in order to introgress desirable genes into a cold hardy background and are
illustrated with the linages shown in Tables 1, 2 and 3a and b. Examples are shown in Table 1 where
6836-09 is a triple cross hybrid crossed by triple cross hybrid. 6844-xx in all three tables is an illustration
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of a single cross hybrid crossed by a triple cross hybrid. 6933-11 in Table 1 is an example of a double
cross hybrid crossed by a double-crossed hybrid. Sod from each entry has been harvested and all 52
hybrids from Olathe, KS and West Lafayette, IN have been transferred to Dallas for propagation during
the winter of 2020/2021. An 18-cell tray of each of the 65 entries will be shipped/delivered in the spring
to each of the 10 locations for field testing in a replicated field trial with 6 plugs evenly spaced and
planted per replication.
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Figure 1. A. Tees to Greens Spaced Plant Nursery located in West Lafayette, IN taken July
2020. B Tees to Greens SPN located in Olathe, KS taken July 2020.
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Figure 2. NDVI image derived from a multl-spectral sensor mounted on an unmanned aerial
vehicle (UAV). The image was taken on 08/17/2020, 11 days into the 2" dry-down of 2020 in
Dallas, TX. NDVI is presented on -1 to +1 scale with values closer to 1 (more blue) represent

higher vegetation and overall higher plant health. Plots with higher NDVI values were
considered for advancement.
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Table 1. Lineage and performance of top 30 interspecific hybrids selected from Purdue
University from a spaced plant nursery planted with 336 genotypes in 2019 from the existing
1624 genotypes planted in 2018 in West Lafayette, IN.

Mean Mean Mean Mean Mean

i . . . SGU' FCt
TQ! LT GC? TD? WK*
. 2019- 2019- 2019- 2019-

Genotype  Lineage® 2020 2020 2020 2020 2020 2020 2019
6836-09 [(Zmin x Zm)/Zm] x [(Z] x Zp)/Zj] 79a 7.8 bc 8 9.0a 5.3c¢c-h 5 7
6844-152  [Zm x Zj] x [(Z] x Zp)/Zj] 7.7ab 6.0h 6 85ab 7.0a-d 5 6
6844-42 [Zm x Zj] x [(Z] x Zp)/Zj] 7.7ab 7.0 def 6.5 85ab 6.5a-e 5 6
6829-02 [(Zj x Zp)/Zj] x Zm 7.6abc 7.3cde 7.5 85ab  4.3e-i 5 6
6828-53 Zm x [(Zj x Zp)/Zj] 6.4d-g 7.5bcd 7 6.5cd 3.5ghi 4 7
6844-36 [Zm x Zj] x [(Z] x Zp)/Zj] 6.9a-g 6.5fgh 7 85ab 6.0 b-f 5 6
6828-56 Zm X [(Zj x Zp)/Zj] 6.9a-g 7.3cde 7 7.0bcd 5.0d-i 5 6
6830-02 (Zm x Zj) x Zm 7.1af 73cde 7 7.0 bed 281 3 6
6844-104  [Zm x Zj] x [(Z] x Zp)/Zj] 7.6abc 7.0 def 6.5 8.5ab 85a 5 4
6835-33 (Zmx Zj) x Zp 6.0g 7.5 bed 7 7.0 bed 2.8i 2 5
6828-27 Zm X [(Zj x Zp)/Zj] 7.6abc 6.8 efg 8.5 7.0bcd 6.0 b-f 5 8
6828-77 Zm X [(Z]j x Zp)/Zj] 6.9a-g 7.0 def 6.5 75a-d 4.0f-i 4 8
6840-20 Zm x [(Zj x Zp)/Zj] 6.1fg 7.3cde 6.5 6.0d 28i 3 5
6933-11 (Zm x Zj) x (Zm x Zj) 7.3a-e  7.0def 6.5 8.0abc 7.0a-d 6 7
6830-39 (Zm x Zj) x Zm 6.4d-g 7.8bc 6 7.5ad 2.8i 2 5
6844-04 [Zm x Zj] x [(Z] x Zp)/Zj] 7.3 a-e 6.0h 75 8.5ab 8.0ab 6 6
6844-74 [Zm x Zj] x [(Z] x Zp)/Zj] 7.7ab  6.8¢efg 75 9.0a 6.5 a-e 6 5
6844-202  [Zm x Zj] x [(Z] x Zp)/Zj] 7.6abc 7.0 def 7 9.0a 4.5e-i 5 5
6829-69 [(Zj x Zp)/Zj] x Zm 7.1a-f 73cde 6 8.0abc 4.0f-i 3 6
6923-11 (Zm x Zj) x (Zj x Zj) 74a-d 6.3¢gh 6.5 85ab 6.5a-e 5 6
6844-53 [Zm x Zj] x [(Z] x Zp)/Zj] 7.1af 73cde 75 75ad 75abc 6 5
6844-64 [Zm x Zj] x [(Z] x Zp)/Zj] 74a-d 6.8efg 6 85ab 7.5abc 6 5
6789-52 [(Zj x Zp)/Zj] x Zp 6.0g 85a 7.5 7.0 bed 2.8i 3 8
6844-203  [Zm x Zj] x [(Z] x Zp)/Z]j] 74a-d 6.5fgh 6.5 9.0a 5.0 d-i 6 5
6829-20 [(Z] x Zp)/Zj] X Zm 6.7b-g 7.0 def 7 7.0bcd 4.0fi 4 7
6844-150  [Zm x Zj] x [(Z] x Zp)/Zj] 7.6abc 7.0 def 6.5 8.0abc 5.5c-g 5 5
6831-09 Zm X (Zm x Zj) 6.4d-g 7.0def 6.5 6.0d 3.0 hi 2 5
6844-89 [Zm x Zj] x [(Zj x Zp)/Zj] 6.6c-g 7.3cde 6 7.0bcd  4.0f-i 5 6
6844-154  [Zm x Zj] x (Z] x Zp)/Zj] 7.0a-g 7.0 def 6 75ad 6.0b-f 4 5
6828-17 Zm x [(Zj x Zp)/Zj] 6.0g 7.5 bed 7 6.5cd 2.8i 3 6
Innovation Zm x Zj 6.6c-g 6.7efg 6.2 6.8 cd 4.8 d-i 5.3 5.3
Meyer Zj 39h 6.0h 5.3 3.7¢e 4.1e-i 3.7 6
Zeon Zm 6.7b-g 8.0ab 7 70bcd 4.3e-i 5 6
Zorro Zm 6.3efg 7.9abc 6 6.5cd  3.3ghi 4 8.5
LSD 1.1 0.6 NS 1.5 2.5 NS NS

+Z]j: Zoysia japonica; Zm: Zoysia matrella; Zp: Zoysia pacifica; Zmin; Zoysia minima; Complex crosses such as
double and triple crosses to introgress desirable traits require the use of x, /, () and [] to indicate hybrid parentage.
1 TQ: turfgrass quality (n = 7 rating dates); LT: visual leaf texture (n = 4 rating dates); GC: genetic color (n =2
rating dates); TD: turf density (n = 2 rating dates); WK: winterkill (n = 2 rating dates); SGU: spring greenup (n =1
rating date); and FC: fall color retention (n = 1 rating date), all rated on were 1-9 scale similar to NTEP ratings
collected on a 1-9 scale for various characteristics. For each trait a value of 9 is always equal to the most desirable
performance and a value of 1 equal to the least desirable performance.
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a Kansas State University spaced plant nursey located in Olathe, Kansas.
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SGU# Visual texturet TQ! Visual vigor? Wilting?
Genotype Lineage’ 2020 2019 2020 2020 2019 2020 2020
6844-154 [Zm x Zj] X [(Zj x Zp)/Zj] 5.0 6.0 6.5 6.5 35 45 5.0
6844-91 [Zm x Zj] X [(Zj x Zp)/Zij] 45 5.0 6.5 6.5 5.0 55 35
6830-56 (Zm x Zj) x Zm 4.0 6.5 7.5 7.5 6.0 6.0 25
6844-190 [Zm x Zj] x [(Zj x Zp)/Zj] 4.0 6.0 6.5 6.5 4.5 6.5 3.5
6940-15 Zm x Zj 4.0 5.0 7.0 7.0 5.0 4.5 6.5
6844-128 [Zm x Zj] x (Zj x Zp)/Zj] 4.0 5.0 45 45 4.0 45 7.0
6844-31 [Zm x Zj] x (Zj x Zp)/Zj] 35 4.5 8.0 8.0 7.0 7.0 5.0
6844-147 [Zm x Zj] x [(Z] x Zp)/Zj] 35 55 7.5 7.5 4.5 55 4.0
6829-36 [(Zj x Zp)/Zj] x Zm 35 55 55 55 8.0 5.0 35
6844-141 [Zm x Zj] x [(Zj x Zp)/Zi] 35 6.0 6.5 6.5 6.5 75 6.0
6924-47 (Zm x Zj) X (Zm x Zj) 35 5.0 6.5 6.5 6.5 7.0 45
6844-152 [Zm x Zj] x [(Zj x Zp)/Zi] 35 6.0 7.0 7.0 45 6.5 35
6924-66 (Zm x Zj) X (Zm x Zj) 35 5.0 6.0 6.0 7.0 6.5 4.0
6919-29 [(Zm x Zp)/Zj] x [Zm x Zj] 35 5.0 7.5 75 6.0 6.0 55
6844-34 [Zm x Zj] x [(Zj x Zp)/Zj] 35 6.0 6.5 6.5 4.5 5.0 3.0
6830-11 (Zm x Zj) x Zm 3.5 6.0 7.0 7.0 2.0 4.0 45
6924-44 (Zm x Zj) x (Zm x Zj) 3.5 5.0 7.0 7.0 8.0 6.0 45
6942-22 ZixZp 3.0 6.5 75 7.5 5.0 6.0 6.5
6839-08 Zm x [(Zj x Zp)/Zj] 3.0 7.5 7.0 7.0 5.0 5.0 4.5
6925-53 (Zm x Zj) X (Zm X Zj) 3.0 6.0 7.0 7.0 4.0 5.0 4.0
6831-08 Zm x (Zm x Zj) 3.0 6.0 7.0 7.0 3.5 5.0 4.5
6844-64 [Zm x Zj] X [(Zj x Zp)/Zij] 3.0 6.0 6.0 6.0 2.0 4.0 3.0
Innovation Zm X Zj 3.5 55 6.0 6.0 5.0 6.0 2.0
KSUZ 1201  (Zj x Zp)/zZj 35 45 55 55 4.0 55 4.0
Meyer Zj 4.5 4.5 6.0 6.0 7.0 6.5 4.0

Zj: Zoysia japonica; Zm: Zoysia matrella; Zp: Zoysia pacifica; Complex crosses such as double and triple

crosses to introgress desirable traits require the use of x, /, () and [] to indicate hybrid parentage.

fSGU: Visual spring greenup ratings on 4/7/2020, visual texture ratings on 9/27/2019 and 6/10/2020, visual
vigor ratings on 9/27/2019 and 6/10/2020, TQ: visual turf quality ratings on 6/10/2020, and visual wilting
ratings on 8/27/2020. All data were rated on a scale 1-9 with 1=worst, 9=Dbest.

SAll data reported for each date are the average of two replications.
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Table 3a. Lineage and performance of top 15 interspecific hybrids selected from Texas A&M AgriLife-Dallas spaced plant nursery
planted with 831 genotypes in 2017.

Mean Mean Turfgrass Quality? NDVI (UAV)E Establishment?

SGUt  TQ! 2020 2020 2018

2019 2018- Normal Dry Reco 7/30 8/6 8/17 06/ 07/ 09/

& 2019 TQ down very (Lst (recov  (2nd dry 25 25 10

2020 dry ery) down)
Genotype Lineage' down) GC! LT!
6782-104 [(ZjxZp)/Zj1xZp 6.0a 7.5a 7.7a 7.0 7.0 0.73 0.77 0.69 1.0 20 30 9.0a 9.0
6782-120 [(Zix Zp)/zj]xZp  5.5a 7.25a 7.0a 6.0 8.0 0.73 0.76 0.75 20 20 50 70 9.0
6782-42 [(ZixZp)/ZjlxZp 50a 65 6.0a 70 80 073  0.75 0.71 1.0 20 3.0 60 9.0
6782-75 [(ZixZp)/ZjlxZp 65a 7.0a 7.7a 60 7.0 069 074 0.73 20 20 50 9.0a 9.0
6782-79 [(ZixZp)zjlxZp 40 6.3 7.0a 60 7.0 071  0.76 0.76 20 30 50 8.0a 9.0
6783-03 [(ZixZp)/ZjlxZp 50a 8.5a 6.0a 50 7.0 073  0.76 0.73 20 30 6.0 70 9.0
6784-17 [(ZixZp)/ZjlxZp 50a 6.8 7.3a 70 80 075  0.77 0.74 30 30 60 70 9.0
6785-19 [(ZixZp)/zjl]xZp  45a  7.0a 6.3a 6.0 8.0 0.73 0.78 0.76 20 20 40 7.0 9.0
6785-22 [(ZixZp)/zj]xZp  45a  7.5a 6.0a 6.0 8.0 0.72 0.78 0.74 20 3.0 50 7.0 9.0
6786-02 [(Zjx Zp)/zj]xZp  55a  7.5a 7.7a 6.0 7.0 0.71 0.75 0.66 1.0 20 40 7.0 9.0
6787-18 [(ZjxZp)/Zjl]xZp  6.5a 7.25a 7.0a 5.0 8.0 0.71 0.77 0.74 20 30 70 9.0a 9.0
6787-20 [(ZjxZp)/Zj1xZp  5.0a 7.75a 7.0a 5.0 7.0 0.74 0.77 0.77 30 3.0 6.0 9.0a 9.0
6789-23 [(Zix Zp)/zjl]xZp  6.0a  7.0a 6.7a 5.0 8.0 0.71 0.75 0.66 30 30 50 8.0a 9.0
6789-40 [(ZixZp)/ZjlxZp 6.0a 7.5a 7.0a 50 8.0 071  0.76 0.71 10 20 3.0 8.0a 9.0
6791-06 [(ZixZp)/ZjlxZp 65a 6.8 7.3a 40 80 069  0.73 0.71 20 30 6.0 Oa 90
Innovation Zm X Zj 3.3 4.0 3.4 2.0 . 0.48 0.56 0.49 25 30 50 50 8.0
Meyer Zj 3.0 4.5 1.8 2.0 . 0.29 0.38 0.35 15 15 25 55 7.0
Zeon Zm 2.8 4.1 2.7 15 25 0.45 0.56 0.47 25 35 6.0 45 85
Zorro Zm 2.8 4.1 25 1.0 2.0 0.3 0.42 0.37 15 25 6.0 50 85
LSD 2.5 4.7 1.9 NS NS NS 1.3 NS 1.8 NS

+Zj: Zoysia japonica; Zm: Zoysia matrella; Zp: Zoysia pacifica; Complex crosses such as double and triple crosses to introgress desirable traits require the use of
X, 1, () and [] to indicate hybrid parentage.

1 SGU: spring greenup; TQ: turfgrass quality; establishment, GC: genetic color and LT: visual leaf texture, all rated on 1-9 scale with 1=worst and 9= best.
8NDVI (normalized difference vegetation index) obtained from Matrice 200 UAV equipped with Slant Range multi-spectral sensor. NDV1 is presented on -1 to
+1 scale with values closer to 1 represent higher vegetation and overall higher plant health.
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Table 3b. Lineage and performance of top 5 interspecific hybrids selected from a Texas A&M AgriLife-Dallas spaced plant nursery
planted with 805 genotypes in 2018.

Establi TQ! TQ!

shment (Pre (Dry NDVI (UAV)S SGUt  LTH

£(1-9) TQ! TQ! drydown)  down) 2020 2020 2020
Genotype Lineage' 8/9/19  10/3/19  6/15/20 713120 7/20/20 7130 8/6 8/17 3/25  4/30

(1st (recovery) (2nd
drydown) drydown)

6792-44 [(Zj x Zp)/Zj] x Zp 7 5 6 7 6 0.68 0.74 0.69 7 9
6910-157 Zj X (Zj x Zm) 8 5 5 7 5 0.73 0.72 0.73 2 6
6910-172 Zj x (Zj x Zm) 6 6 7 8 5 0.70 0.72 0.70 5 6
6941-36 ZjxZm 7 7 7 8 5 0.70 0.73 0.69 6 6
6829-34 Zm x (Zj x Zm) 5 4 6 9 4 0.68 0.72 0.69 7 7
Palisades Zj 9 6 2 5 3 0.57 0.58 0.56 5 5
Zeon Zm 8 4 2 4 3 0.46 0.50 0.47 4 8

+Zj: Zoysia japonica; Zm: Zoysia matrella; Zp: Zoysia pacifica; Complex crosses such as double and triple crosses to integrate desirable traits require the use of
X, 1, () and [] to indicate hybrid parentage.

1 SGU: spring greenup; TQ: turfgrass quality; establishment, and LT: visual leaf texture, all rated on 1-9 scale with 1=worst and 9= best.

8NDVI (normalized difference vegetation index) obtained from Matrice 200 UAV equipped with Slant Range multi-spectral sensor. NDV1 is presented on -1 to
+1 scale with values closer to 1 represent higher vegetation and overall higher plant health.
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USGA ID# 2018-16-666

Title: Exploring the Use of Coarse Zoysiagrass Phenotypes as a Low-Input Turf for Golf Course
Roughs

Project Leaders: Aaron Patton?, Ross Braun?, Susana Milla-Lewis?, and Brian Schwartz3
Affiliation: Purdue University, 2North Carolina State University, 3University of Georgia,

Collaborators: Evergreen Turf in both Escondido, CA and Chandler, AZ.

Objectives: Evaluate coarse zoysiagrass phenotypes for their performance and playability in
multiple climates (warm-arid, warm-humid, transition zone) as a potential grass for golf course
roughs and other low-maintenance areas.

Start date: 2018
Project duration: 3 years (2018-2020)
Total funding: $61,846

Summary points

* In 2019 and 2020, zoysiagrass plots were maintained at a golf course rough mowing height
(3.0 inches) under low-maintenance regimes receiving minimal-to-no pest control, nitrogen
fertilization, and supplemental irrigation.

* Results from these evaluations indicate there are differences in performance due to regional
climatic differences among sites.

* Overall, XZ14069, 09-TZ-54-9, and 16-TZ-12783, are entries that are in the top performing
group, based on turf quality ratings, at three or more sites. Other entries such as 15-TZ-11766,
10-TZ-1254, XZ14070, 16-TZ-14114, and a few others also performed well, based on high TPI
scores, at multiple sites.

* Golf ball lie data from two or more data collection events across Indiana, North Carolina, and
Georgia locations revealed differences among entries and some of the top-performing entries
above may provide a better golf ball lie to golfers.

* Data from this experiment will be used to assist in the selection of genotypes for future
experiments and potential release of zoysiagrass genotypes that perform well under low-input
conditions, which will assist in lowering golf course maintenance budgets.

Summary Text:

Zoysiagrass roughs are amongst some of the most easily played (improving pace of play) and
easily managed (few inputs required with excellent weed suppression) of all the species used in
golf course roughs. Breeding programs have “coarse-textured” germplasm available that has
excellent stress and pest tolerance and fast establishment when managed with no inputs. These
coarse Z. japonica genotypes have the ability to offer a superior golf course rough surface with little
to no inputs and fewer long-term maintenance costs. Our research team has existing collections of
zoysiagrasses collected from unmanaged areas or as part of germplasm collections. These existing
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collections have not been explored for their potential use, but they offer great promise as a low-
input zoysiagrass for golf course roughs.

In 2018 summer, propagated zoysiagrass germplasm was planted at five replicated sites: 1)
West Lafayette, IN; 2) Raleigh, NC; 3) Tifton, GA; 4) Chandler, AZ; 5) Escondido, CA. Plot sizes were
at least 1.5 x 1.5 m, with 0.5 m borders, with 3 replications arranged in a randomized, complete-
block design at each site. In year 1 (2018), all sites were fertilized (1.0 Ib N/1000 ft?), watered, and
pest control was applied to promote establishment. In years 2 (2019) and 3 (2020), plots were
mowed as needed at a golf course rough height and maintained with minimal-to-no inputs
(fertilization, irrigation, pest control). This low-maintenance regime helped to identify entries that
performed well under these low-input conditions, which could assist in lowering golf course
maintenance budgets.

Data collection, from 2018 to 2020, was similar to typical NTEP trials in order to identify those
that are best suited to for golf course roughs. In addition, golf ball lie was measured multiple times
in 2019 and 2020 for each entry using the method developed by Richardson et al. (2010) at three
sites. At the conclusion of the study, a cumulative turf performance index (TPI) score was
generated for each entry and check within each location, representing the number of times it
occurred in the top statistical grouping as determined by least significant difference across all
parameters and all sampling dates. Golf course superintendents were unable to visit the
experimental locations in 2020 for university field days due to Covid-19.

Data collection from each site has been analyzed and TPl and turf quality ratings, averaged
across multiple ratings dates in 2019 and 2020 within each location, indicate several entries are
performing consistently well at multiple sites (Tables 1 and 2, Fig. 1 and 2). These results indicate
there are differences in performance due to climatic differences among sites. Overall, XZ14069, 09-
TZ-54-9, and 16-TZ-12783, are entries that are in the top performing group, based on turf quality
ratings, at three or more sites (Table 2). While other entries such as 15-TZ-11766, 10-TZ-1254,
XZ14070, 16-TZ-14114, and others are also performing well, based on TPI scores, at multiple
individual sites (Table 1). However, entries mentioned above are not in the top performing group at
Indiana likely due to a colder climate and some winter damage from previous winters. Golf ball lie
data from two or more data collection events across Indiana, North Carolina, and Georgia locations
also revealed differences among entries and some of the top-performing entries also exhibited the
ability to hold the golf ball higher in the canopy (i.e., high visible percentage of golf ball) (Table 3
and Fig. 3). We hoped to attain superintendent feedback on these entries in 2020; however, we
were unable to due to restrictions from Covid-19. Further data analysis of the performance of
these entries and golf ball lie data presented herein may indicate the need for recommendations of
specific entries based on regional climatic differences.

Results from this study in combination with potential feedback from golf course
superintendents on species choices for golf course roughs pertinent to their maintenance,
performance, and playability may potentially identify Z. japonica germplasm suitable for low-
maintenance golf course roughs that can be used over a wide geographic region.
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Table 1. Cumulative 2-year turf performance index (TPI) for 24 coarse zoysiagrass phenotypes
compared to five zoysiagrass checks, one bermudagrass check, and three cool-season turfgrass
species checks) (entries, not checks, sorted by total TPl across five locations).

TPIT
Entries IN NC GA AZ CA TOTAL
XZ14069 6 13 12 10 7 48
09-TZ-54-9 6 10 11 10 8 45
10-TZ-1254 15 13 3 6 5 42
16-TZ-12783 0 11 17 7 7 42
XZ14070 11 10 10 5 2 38
16-TZ-14114 17 8 7 4 2 38
Z2G09062 10 7 7 7 5 36
10-TZ-994 24 5 4 0 0 33
XZ14072 13 11 1 2 4 31
15-TZ-11766 0 5 12 5 8 30
16-TZ-13463 0 4 9 9 6 28
XZ14071 11 9 2 2 3 27
PURZ 1701 21 3 1 0 1 26
XZ14055 16 5 3 1 _E 25
2G09004 16 4 3 1 1 25
PURZ 1602 17 4 1 0 0 22
PURZ 1606 14 4 4 0 0 22
16-TZ-12036 2 7 7 3 3 22
09-12-89-73 1 3 6 5 5 20
ZG09055 12 4 3 . 0 19
XZ14074 0 0 3 7 5 15
PURZ 1603 9 3 2 0 0 14
PURZ 1702 3 2 3 0 0 8
XZ214092 3 1 1 2 0 7
‘Chisholm’ zoysiagrass 14 4 6 6 2 32
‘Meyer’ zoysiagrass 21 6 4 1 0 32
‘Empire’ zoysiagrass 18 6 7 4 4 39
‘Jamur’ zoysiagrass 20 6 7 4 4 41
‘Zenith’ zoysiagrass 0 4 0 0 1 5
‘Riviera’ bermudagrass 16 -3 4 -t A 20
Fine fescue mixture 13 -- 2 - - 15
‘Bluenote’ Kentucky bluegrass 8 -- 0 - -- 8
‘Mustang 4’ Tall fescue 17 -- 1 -- -- 18

t TPl is the turf performance index representing the number of times an entry occurred in the top
statistical group across all parameters, highest possible TPl is 33 at Indiana, 15 at North Carolina,
17 at Georgia, 10 at Arizona, and 9 at California for a total TPI of 85.

¥ Entry or check either not planted at site or did not survive during establishment in 2018.
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Table 2. Average 2-year turf quality ratings (1-to-9 scale, 9=maximum quality, 6=minimally
acceptable quality; 1=lowest quality) across multiple rating dates in 2019 and 2020 for 24 coarse
zoysiagrass phenotypes compared to five zoysiagrass checks, one bermudagrass check, and three
cool-season turfgrass species checks) (entries, not checks, sorted by overall mean at North
Carolina). Data in the top statistical group are indicated with bolded text.

Overall Turf Quality

Entries IN NC GA AZ CA
XZ214069 4.0 jk’r 7.1a 6.7abc 6.8a 7.7 a
09-TZ-54-9 4.6 i-k 7.0ab 6.8abc 6.9a 7.3ab
16-TZ-12783 -* 6.8 abc 7.3 a 6.2 abc 6.5 bcd
2G09062 5.0 h-k 6.4 bcd 6.4 a-d 6.0 bcd 6.5 bcd
10-TZ-1254 6.2 c-h 6.4 bcd 4.4 ghi 6.0 bcd 6.0 def
XZ14072 6.8 b-f 6.2 cde 4.6 ghi 5.1 f-i 6.3 cde
16-TZ-12036 4.5 jk 6.1 cde 6.1 b-e 5.4 d-h 6.0 def
XZ14071 5.5 f-j 6.1 de 45ghi  5.0ghi 6.5 bcd
16-TZ-14114 7.0 b-e 5.9 def 6.0 b-e 5.7 b-g 5.5 e-h
PURZ 1602 6.8 b-f 5.9d-g 4.7 f-i 4.9 hi 5.3 f-i
15-TZ-11766 -+ 5.9 def 7.2 ab 5.6 c-h 7.2 abc
XZ214070 5.8 e-i 5.8d-g 5.8 c-f 5.8 b-f 5.0 g
16-TZ-13463 -+ 5.8d-g 6.2a-e 63ab 6.7 bed
XZ214055 6.0 d-h 5.7 e-h 4.3 ghi 5.3 e-h |
09-TZ-89-73 3.8 k 5.7 e-h 6.0 b-e 5.9 b-e 6.2 def
10-TZ-994 74abc  56eh  4.1hi 3.8 jk 4.7 hij
PURZ 1702 53 gj 5.5 e-i 3.8i 3.9 jk _$
XZ14092 4.1 jk 5.2 g-j 4.0 hi 56ch 53fi
ZG09055 6.9 b-f 5.1 hij 4.2 hi T 4.2 ]
PURZ 1603 6.5 b-g 4.9 ij 3.9 hi 3.8 jk 45 ij
PURZ 1701 7.5 ab 4.9 ij 4.2 hi 4.0 jk 4.2 ]
PURZ 1606 6.8 b-f 4.8] 4.7 f-i 3.6k 3.0k
ZG09004 70 b-e 48] 54d-g 4.4 4.7 hij
X714074 -+ -+ 3.8i 63ab 7.7a
‘Chisholm’ zoysiagrass 6.4 b-h 5.7 e-h 5.8 c-f 5.9 b-e 5.8 d-g
‘Meyer’ zoysiagrass 7.5 ab 5.7 e-h 5.1e-h 4.9 hi 5.5 e-h
‘Empire’ zoysiagrass 6.0 d-h 5.7 e-h 6.1b-e 54d-h 6.0def
‘Jamur’ zoysiagrass 7.0 b-e 6.1 cde 6.0 b-e 5.7 b-g 6.0 def
‘Zenith’ zoysiagrass 3.7k 5.3 fj 3.8i 5.1 ghi 4.9 hij
‘Riviera’ bermudagrass 6.0 d-i ] 4.8 f-i T B
Fine fescue mixture 7.6 ab -8 4.5 ghi -9 |
‘Bluenote’ Kentucky bluegrass 6.7 b-f .8 23] T |
‘Mustang 4’ Tall fescue 8.4 a -8 23] -9 |
P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

t Means within a column followed by the same letter are not statistically different at a < 0.05
according to Fisher’s protected least significant difference test.

¥ Entry did not survive 2018-2019 winter.

§ Entry or check did not survive during establishment in 2018.

9 Entry or check not planted at site.
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Table 3. Average 2-year percent visible golf ball lie data across multiple collection dates in 2019
and 2020 for 24 coarse zoysiagrass phenotypes compared to five zoysiagrass checks, one
bermudagrass check, and three cool-season turfgrass species checks) (entries, not checks, sorted
by overall mean at Indiana).

% Visible Golf Ball

Entries IN NC GA
X214069 523 a' 749 a 607 bi
09-TZ-54-9 51.1 ab 47.8 a 63.7 a-g
XZ14055 49.2 ab 59.1 a 68.5 a-d
10-TZ-994 48.8 ab 442 a 68.7 a-d
XZ214070 475 ab 57.2 a 56.3 e
16-TZ-12036 46.7 ab 50.7 a 66.4 a-e
09-TZ-89-73 45.8 abc 60.5 a 543 gk
XZ14071 415 a-d 526 a 64.2 a-g
Z2G09062 394 a-e 524 a 58.1 d-j
PURZ 1602 38.9 b-e 59.2 a 55.3 e-k
PURZ 1702 384 b-e 59.7 a 62.8 a-h
XZ214092 37.6 Db-f 493 a 72.0 ab
XZ14072 343 cg 59.2 a 66.0 a-f
PURZ 1606 32.0 d-h 51.2 a 51.8 h-k
PURZ 1603 32.0 d-h 50.1 a 53.0 gk

30.2 d-h 60.3 a 549 f-k
10-TZ-1254 29.5 e-h 52.7 a 62.1 a-h
PURZ 1701 24.1 ghi 47.2 a 48.7 jk
ZG09055 22.0 hi 509 a 60.2 c-i
Z2G09004 17.2 i 374 a 55.7 e-k
XZ14074 - - 71.4 ab
15-TZ-11766 - 65.7 a 53.6 gk
16-T2-12783 - 57.1 a 735 a
16-TZ-13463 -4 -4 73.2 a
‘Chisholm’ zoysiagrass 284 e-h 423 a 60.2 ci
‘Meyer’ zoysiagrass 36.8 b-f 54.0 a 56.1 e-j
‘Empire’ zoysiagrass 43.1 abc 54.6 a 49.4 ijk
‘Jamur’ zoysiagrass 38.3 b-e 513 a 53,5 gk
‘Zenith’ zoysiagrass 52.7 a 59.0 d-j
‘Riviera’ bermudagrass 338 cg --* 445 k
Fine fescue mixture 27.8 e-h - o
‘Bluenote’ Kentucky bluegrass 26.7 f-i i -
‘Mustang 4’ Tall fescue 25.0 ghi - -t
P-value <0.0001 0.0602 <0.0001

t Means within a column followed by the same letter are not statistically different at a < 0.05
according to Fisher’s protected least significant difference test.

¥ Entry or check either did not survive during establishment in 2018, winter of 2018-2019, or have
enough turf cover to adequately measure ball lie.
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Figure 1. Differences in summer turf quality among plots in Chandler, AZ on 21 July 2020.

10121254 . 16-Tz:14114 Xz14072

PURZ 1702 e o Meyer.

Figure 2. Plot images of a few of the entries with high turf performance index scores or high overall
turf quality and two standard checks in West Lafayette, IN on 13 July 2020.
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Figure 3. Golf ball lie data collection at the West Lafayette, IN site on 14 Aug. 2020.
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USGA ID: 2003-36-278

Title: Buffalograss Breeding and Genetics

Project leader Keenan Amundsen

Affiliation University of Nebraska-Lincoln

Objectives The primary objective of this study is to develop, through selection and plant breeding,
buffalograss suitable for golf course fairways, tees, and roughs.

Start date 2018
Project duration Continuous
Total funding $30,000

Summary text
Buffalograss is native to the central Great Plains and is naturally adapted to the environmental

conditions of the region including frequent and extended periods drought and heat stress. We are
working to develop new buffalograss cultivars, taking advantage of its innate stress tolerance, with
exceptional turfgrass visual and functional quality that are suitable for use on golf courses. A major focus
of our program is on evaluating and identifying new sources of germplasm that contain desirable traits
that we can move into elite buffalograss lines through conventional plant breeding. There is significant
genotypic and phenotypic variability in our germplasm collection, and we have identified lines that differ
in color, inflorescence numbers, stolon production, stolon internode length, pest resistance, shade
tolerance, winter dormancy response, and turf quality (Figure 1).

Buffalograss is dioecious, which makes it interesting and challenging from a plant breeding perspective.
Since buffalograss has separate male and female plants, we often develop new parent lines separately
that are useful for creating future buffalograss hybrids suitable for seed or sod production. It is common
to identify buffalograss lines with exceptional quality that do not flower (Figure 2). If those lines are
able to form a dense sod with good sod strength, have good stolon production, and perform well in
regional evaluation trials, then they are potentially suitable for sod or vegetative plug production.
Subsequent crossing work is difficult with those lines and, for the most part, only possible if they can be
forced to flower in the greenhouse so they often do not contribute further to the breeding pipeline.
Without significant flower production, those lines are not useful for buffalograss seed producers.
Instead, our program also identifies lines that produce a significant number of male or female flowers
(Figure 3). Increased flower number is often associated with increased seed production.

A challenge for buffalograss breeding is to identify and develop the most suitable parents to create
future buffalograss varieties. We have developed molecular tools to identify germplasm resistant to leaf
spot disease and chinch bugs, two important buffalograss pests, without challenging buffalograss with
the pests which is often laborious. The molecular tools have the potential to greatly accelerate our
breeding pipeline. Much of our focus in 2020 has been to develop new genetic resources for studying
buffalograss. Over the past decade, we have conducted at least five separate high throughput
sequencing studies in buffalograss to identify genes that are associated with a condition such as chinch
bug feeding, leaf spot disease, gender expression, or genotypic differences. Those studies have
produced a wealth of data that continues to be useful. For example, genes that are differentially
expressed between control and leaf spot challenged resistant and susceptible buffalograss lines have
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already been reported. Using sequence data from that study, a comparative genetics study was done
using the reference genome for foxtail millet [Setaria italica (L.) P. Beauv.] obtained from EnsemblPlants.
The reference includes nine chromosomes, with a total length of 405 million base pairs, and 35,831
coding genes. Differentially expressed buffalograss transcripts in response to leaf spot disease were
mapped to the foxtail millet genome (Figure 4). When zooming into specific genomic regions, several
regions were identified on the foxtail millet genome that are associated with leaf spot susceptibility or
resistance in buffalograss. In the absence of a buffalograss genome, this comparative genetics approach
has allowed us to identify genomic regions that are important for leaf spot resistance and susceptibility.
There is a great deal of synteny, conserved genes and gene order across genomes, among grasses, but
more research is needed to determine to what extent the foxtail millet genome can be used as a
reference for buffalograss.

We have also used information from those previous high throughput sequencing studies to develop
simple sequence repeat, gene expression-based, and insertion/deletion molecular markers that can be
used to identify buffalograss tolerant of chinch bug feeding and resistant to leaf spot disease. The
sequence data was reanalyzed for single nucleotide polymorphisms (SNPs). By comparing 10 female to
10 male buffalograss genotypes from a linkage mapping population, we identified a single SNP that was
associated with gender expression. The SNP is located in a gene that encodes a predicted receptor-like
serine/threonine-protein kinase which is likely involved in regulating cellular expansion and
differentiation. Interestingly similar genes are associated with flower development and timing. We also
identified 3,520 SNPs that were conserved in 10 female buffalograss lines and 3,880 that were
conserved in 10 male buffalograss lines. By challenging buffalograss with leaf spot disease and
comparing buffalograss lines previously identified to be resistant or susceptible to leaf spot disease, we
identified 724 SNPs associated with how buffalograss responds to leaf spot disease. A similar approach
was taken to identify SNPs associated with how buffalograss responds to chinch bug feeding and 1,487
SNPs were found. By analyzing the data across studies, we found on average two SNPs that could
uniquely identify each genotype. Together these SNPs and markers are useful for distinguishing lines
and identifying germplasm that is likely resistant to important buffalograss pests. In the future we plan
to develop cost effective ways for implementing these molecular markers as a step in our germplasm
evaluation and buffalograss breeding pipeline. Molecular tools continue to be more cost effective for
characterizing species like buffalograss, but their utility for cultivar development breeding efforts needs
further research.

Summary points

e Several buffalograss lines were identified that have exceptional turfgrass quality, suitable for seed or
sod production, and contribute to the development of future buffalograss cultivars.

e By comparing buffalograss to other grass genomes, genomic regions associated with leaf spot
disease resistance or susceptibility were identified.

e More than 9,600 single nucleotide polymorphisms were identified, useful for future molecular
marker studies.
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Figure 1. Field evaluation of buffalograss lines segregating for color, canopy density, gender expression,

and lateral spread.
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Figure 2. Exceptional buffalograss line that does not produce flowers and is suitable for sod or
vegetative plug production.

Figure 3. (A) A male buffalograss line producing a modest number of flowers. (B) A male buffalograss line
producing several flowers.
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Figure 4. A circular diagram representing nine foxtail millet chromosomes shown in black. The red inner
circles represent two buffalograss lines that are resistant to leaf spot disease and the inner blue circles
represent two buffalograss lines susceptible to leaf spot disease. The magnitude of the red or blue bars
show the relative increase in gene expression when challenged with leaf spot disease and the position of
the bars on the circle depicts where the corresponding buffalograss genes map to the foxtail millet

genome.
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USGA.

2. INTEGRATED TURFGRASS MANAGEMENT

Turfgrasses developed for use on golf courses require management practices that provide quality
playing surfaces while conserving natural resources and protecting the environment. Projects focus
on reducing the use of water, pesticides, fertilizers, and energy. The objectives of these studies
include:

e Developing cultural practices that allow efficient turfgrass management under unique conditions
such as drought and deficit irrigation, irrigation with marginal quality water, poor quality soils,
and shade

e Determining the range of adaptability and stress tolerances of turfgrasses

e Evaluating direct and interacting effects of two or three cultural practices such as irrigation,
mowing, fertilization, cultivation, compost utilization

e |nvestigating pest management practices such as biological, cultural, and mechanical controls;
application of turf management practices utilizing IPM and reduced inputs; and pest modeling
and forecasting
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USGA ID: 2017-04-614

Project title: Bermudagrass rough conversion to no-mow, low-input grass area
Project leader: Maggie Reiter
Affiliation: University of California Cooperative Extension

Objectives:
1. Evaluate the performance of low-input, alternatives grasses as an out-of-play area on a Central
California golf course
2. Compare establishment rates of those alternative species
3. Test methods for bermudagrass termination
4. Develop best management practices for subsequent weed control

Start date: 2017
Duration: 3 years
Total funding: 550,000

Summary text:

The goal of this project is to determine what alternative grass species will perform well and remain
playable as an unmowed golf course rough, and to develop best management practices to terminate
bermudagrass and establish a functional, low-input stand of vegetation.

Objectives 1, 2, and 3
These objectives were addressed in previous annual reports. No additional research work was
conducted in 2020.

Objective 4
Objective 4 was not accomplished due to a combination of COVID-19 pandemic limitations and the
project leader’s departure from the University of California in summer 2020.

Outreach and impacts

Results from objectives 1 and 2 were incorporated into Extension education about naturalized area
management on golf courses. Outputs included a GCSAA Golf Industry Show half-day seminar in
collaboration with J. Hoyle and J. McCurdy, a GCSAA Golf Course Management Magazine article in
collaboration with K. Umeda and W. Burayu, presentations to local California GCSAA chapters, and a
seminar at the Texas Turfgrass Association Summer Conference. Results from objective 3 were
presented at the California Weed Science Society annual meeting, local California GCSAA chapter
meetings, and other California integrated pest management clientele meetings. An article was published
in the California Association of Pest Control Advisors trade magazine.

Research findings were used to provide local support to individual California golf courses converting
anywhere from 2 to 20 acres of maintained turf to naturalized areas. Impacts can be inferred from
published golf course case studies showing that labor, inputs, and water savings were approximately
$2,000 for each converted acre (USGA, 2017a). Thus, our project expertise may have contributed to
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saving an estimated $4,000 to $40,000 annually for each of the aforementioned golf course facilities.
Moreover, naturalized areas use just 22% of the water required to maintain traditional turfgrass, like
bermudagrass (USGA, 2017b).

Summary points:

e Objective 4 was not accomplished due to COVID-19 pandemic and the project leader’s
departure from University of California

e Qutreach was conducted in California and beyond to deliver the project findings to golf course
superintendents
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USGA ID#: 2019-05-675

Title: Native Grasses and Alternative Groundcovers for the Southwest

Project Leader: Kai Umeda and Worku Burayu

Affiliation: University of Arizona

Objectives:

1. Evaluate and compare the adaptation and performance of nativegrasses and alternative groundcovers
in the low desert southwest United States as a low input turfgrass replacement in non-play areas of golf
courses.

2. Generate local research-based information on the feasibility of growing new groundcovers and the
nativegrasses by properly assessing their interactions with insect pests and weeds, water, and fertility
requirements.

3. Increase the awareness of stakeholders about the characteristics of nativegrasses and alternative
groundcovers for low water use requirements and potential water saving capacity.

Start Date: 2019

Project Duration: 3 years

Total Funding: $45,000

Report Type: Annual report (2" yr. 2020)

Summary Points: -

» Both white and pink varieties of Kurapia (Lippia nodiflora L.) remained green throughout the
year with acceptable quality values of greater than 6 (1 = brown, 9 = dark green).

» Kurapia can be grown successfully at 40% drip irrigation rate (20% is insufficient & 80% is
excessive) relative to bermudagrass.

» Nine out of the ten nativegrasses performed and maintained acceptable quality.

» Avristida purpurea, Sporobolus aeroides, Eragrostis trichodes and Bouteloua gracilis remained
green throughout the year with acceptable quality values of greater than 5 for greenness.

Summary Text

Golf course superintendents and landscapers of residential and commercial properties are facing increased

pressures including regulatory restrictions to reduce inputs of water, fertilizer, and pesticides while

maintaining turfgrass quality. Hence, the necessity and demand for seeking appropriate alternative plant
materials to satisfy the landscaping needs of the southwest United States is increasing. To address these
demands, many superintendents are interested in using alternative plant species that perform well under
low-input management. However, there are significant factors associated with the adaptation and
establishment of alternative grass species. To alleviate these concerns, The University of Arizona

Cooperative Extension Turfgrass Science program in Maricopa County initiated an evaluation for
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adaptation and performance of nativegrasses and alternative groundcovers under low water, fertilizer and
pesticides input conditions. Our initial three years (2016-2018) of research identified prospective
nativegrasses and a promising new groundcover for establishment and adaptation under irrigated low desert
Arizona conditions. To obtain conclusive results and to apply specific recommendations for best
management practices, our current research includes ten nativegrasses and two cultivars of groundcover
(Table 1). The priority for the current project is to evaluate and determine the performance of nativegrasses

under a nearly natural setting and the alternative groundcove