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Annual Report - 2015

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

William A. Meyer 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, 2015 over 2,256, promising turfgrasses and associated
endophytes were collected in Poland, Bosnia, Croatia, Italy ,Greece Norway, Finland,
Latvia, Denmark, Lithuania and Norway. These are having seed produced in the
Netherlands and will be evaluated in New Jersey. Over 11,948 new turf evaluation plots,
95,995 spaced-plant nurseries and 6,680 mowed single-clone selections were established
in 2015.

Over 200,000 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 12,850 tall
fescues, 4,000 Chewings fescues, 6,000 hard fescues 20,000 perennial ryegrasses and
7,000 bentgrasses were also screened during the winter in greenhouses and superior
plants were put in spaced-plant nurseries. Over 90 new inter- and intra-specific Kentucky
bluegrasses were harvested in 2015.

The following crossing blocks were moved in the spring of 2015: 8 hard fescues
(312 plants), 6 Chewings fescues (253 plants), 18 perennial ryegrasses (1,720 plants), 6
strong creeping red fescues (151 plants), 19 tall fescues (498 plants), 8 creeping
bentgrasses (125 plants) 8 velvet bentgrass (182 plants), 9 colonial bentgrasses (248
plants) and 6 Deschampsia cespitosa (118 plants) .
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To enhance our breeding for resistance to gray leaf spot, a July 23, 2015 planting
of 2,200 perennial ryegrasses were seeded. Excellent Pythium blight control was attained
and a good gray leaf spot epidemic occurred. This data will be used to select future
varieties of perennial ryegrass. Over 20,000 perennial ryegrasses were planted in the
spring of 2015 as spaced-plants. They were allowed to develop seed heads in the late
spring and selections were made for stem and crown rust resistance and heat tolerance.

The breeding program continues to make progress breeding for disease resistance
and improved turf performance. New Promising varieties named and released in 2015
were Pacific Gem, Benchmark, Stamina, Expedite, Sea Biscuit, Man O War, Metolius
and Xcelerator perennial ryegrasses; 4thMillenium, Bizem, Rebounder, Rowdy, Double
Take, Firewall, Diablo, Technique, Temple, Avenger Il, Thunderstruck, Thor, Raptor I11,
Dynamite and Bloodhound tall fescues. There was also one creeping red fescue fescue
named Marvel and three hard fescues Minimus, Sword and Blue Ray. New Kentucky
blugrasses were Legend, Unite, Fargo, Bolt, BlueBank, Malbec and Martha. There was
one new creeping bentgrass named Luminary.

Summary Points

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

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

e Five perennial ryegrasses, 15 new tall fescues, 7 Kentucky bluegrasses and 4 fine
fescue ,and 1 creeping bentgrass were released in 2015.

e Published or have in press over 2 referred journal articles in 2015
References
Refereed Research Publications:
Honig, J.H., J. Vaicunias, V. Avellero, C. Kubik, W.A. Meyer and S.A. Bonos. 2015.
Classification of bentgrass (Agrostis) cultivars and accessions based on microsatellite

(SSR) markers Genet Resour Crop Evol. DOI 10.1007/s10722-015-0307-6.

Koch, M. W. Meyer and S.A. Bonos. 2015. Heritability of salinity tolerance in perennial
ryegrass. Crop Science 55(4): 1834-1842.
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Title: Adaptation and Management of Fine Fescues for Golf Course Fairways
Project leaders: Eric Watkins and Brian Horgan
Affiliation: University of Minnesota

Objectives: (1) To determine if the plant growth regulator trinexapac-ethyl improves
performance and divot recovery of fine fescue species and mixtures on low-input golf course
fairways; (2) To determine if fine fescues can survive when managed as fairways under acute
drought; and (3) To determine if fine fescue fairways require fungicides at currently-
recommended application rates to survive winter snow mold pressure.

Start Date: 2012

Project Duration: four years

Total Funding (over entire project duration) $74,133
Summary text:

Golf course fairways in the north central region primarily consist of species that require high
inputs of water, pesticides, and nitrogen fertilizer. Golf course superintendents continue to be
affected by governmental regulations restricting the use of chemical and water inputs on
managed turfgrass. Future restrictions will impact golf course management in a very significant
way and the solution to the problem of inputs on golf course fairways could include the use of
lower-input grasses. Low-input fine fescue species should be able to withstand the pressure
from typical turfgrass stresses while producing acceptable turf and excellent playing quality—all
with fewer overall inputs of pesticides, water, and fertilizer. Due to limited research on these
species in fairway settings, superintendents are wary to begin using fine fescues. This research
project is investigating a few key areas where research-based information is lacking.

Obijective 1: The trial consists of 25 mixtures of single cultivars representing five fine fescue
species (‘Radar’ Chewings, ‘Beacon’ hard, ‘Navigator II” strong creeping red, ‘Shoreline’
slender creeping red, and ‘Quatro’ sheep). To this point, there has not been a significant effect of
plant growth regulator application on plot performance (trinexapac-ethyl was applied every 200
growing-degree days at the label recommended rate to half of the plots). Traffic, which is applied
3 days each week during the summer using a golf cart traffic simulator, has had a significant
effect on mixture performance; results to date suggest that the inclusion of slender creeping red
or hard fescue is beneficial for turf performance. Mixtures with large proportions of strong
creeping red fescue were very susceptible to dollar spot caused by Sclerotinia homoeocarpa.
Divots were removed from this trial and no entries had full divot recovery within 12 months; this
is a major weakness of fine fescues on fairways in the northern United States and will need to be
addressed if these grasses are to be used on a wide scale.

Objective 2: The same species and mixtures as in Objective 1 were evaluated under acute
drought for a 60-day period in August 2014 in St. Paul, MN and Madison, WI and received the
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60 d drought treatment in July and August of 2015 (Fig. 1). Mixtures that included significant
proportions of hard fescue and sheep fescue tolerated drought best and maintained adequate turf
color (Fig. 2). Mixtures that contained higher proportions of strong creeping red fescue and
slender creeping red fescue performed poorly at both locations.

Objective 3: The same fine fescue species and mixtures as in Objective 1 are also being
evaluated on three golf course in Minnesota: Northland Country Club (Duluth, MN); The
Cragun’s Legacy Courses (Brainerd, MN) (Fig. 3); and Theodore Wirth Golf Club (Minneapolis,
MN). Since establishment in 2013, we have seen little disease pressure in untreated plots (no
fungicide). These grasses may be resistant to snow mold pathogens; however, our observations
in higher cut fine fescue suggest that snow mold and snow scald disease can be a problem in
these grasses.

Summary Points

e Use of a plant growth regulator does not appear to have a significant effect on
performance of fine fescues in a fairway trial.

e Hard fescue and slender creeping red fescue were present in mixtures that performed well
under traffic stress.

e Hard fescue and sheep fescue were present in mixtures that performed well under acute
drought stress.

e Snow mold and snow scald damage was minimal on golf course trials.

e Results from this project should assist in developing optimized mixtures for use on golf
courses in the northern United States, ultimately leading to overall reduced inputs of
water, fertilizer, and pesticides
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Figure 1: Drought trials were established under a rainout shelter in
St. Paul, MN (pictured) and Madison, WI. The rainout shelter was
used to withhold precipitation for 60 days. (photo credit: Maggie
Reiter)

Figure 2: This photo shows a comparison of a 50:50 hard
fescue:sheep fescue mixture (left) and a 100% strong creeping red
fescue plot (right). This photo was taken after 30 days of drought
in Madison, WI. Plots with hard and sheep fescue performed better
than plots with strong creeping red fescue. (photo credit: Maggie
Reiter)
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T e e R
Figure 1. Plots at each golf course site were covered to increase disease
pressure. (photo credit: Maggie Reiter)
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Characterization and Validation of Molecular Markers Linked to Heat and Drought
Tolerance for Marker Assisted Selection of Stress-tolerant Creeping Bentgrass

Principal Investigators: Bingru Huang, Stacy Bonos, Faith Belanger, and Paul Raymer

Objectives:

1) Validate SSR markers linked to six known heat/drought tolerance QTLs and gene-
based markers that were developed in previous USGA-funded projects in a bentgrass
breeding population with a wide range of variation in drought and heat tolerance in two
different environments or locations.

2) Determine the stability of known QTLs over a range of test cross parents and
environments.

3) Assess physiological traits (phenotypes) linked to these molecular markers in drought
and heat tolerance.

4) Identify and characterize phenotypes of newly developed drought and heat tolerant
lines using validated markers to facilitate marker assisted selection in creeping bentgrass
breeding programs.

Drought and heat are two major abiotic stresses which cause damage to cool-
season turf areas. Creeping bentgrass (Agrostis stolonifera) is a high value turfgrass
which is particularly susceptible to the stresses of drought and heat. Damages caused by
these stresses include reductions in photosynthesis, the production of reactive oxygen
species, damage to membranes and degradation of proteins. Ultimately these cellular
damages reduce plant growth and canopy density, induce premature senescence and
eventual result in plant death. The development cool-season turfgrass species with
improved heat and drought tolerance is indispensible for maintaining high quality turf
areas during summer months with elevated temperatures or when irrigation is limited.
Our previous projects have identified and developed molecular markers linked to drought
or heat tolerance in bentgrass species using both quantitative trait loci (QTLs) and
candidate-gene based markers. Candidate gene markers include previously identified
genes which play important roles in stress tolerance such as anti-oxidant genes,
chaperones involved in protein stabilization, and photosynthesis genes. The current
project will further confirm the relationship between these molecular markers and
important stress tolerance related traits.

In the current project our aim is to validate previously developed SSR markers
associated with drought or heat related QTLs and gene-based markers associated with
important tolerance related genes in a genetically diverse population. Screening this
population for important physiological characteristics related to abiotic stress tolerance in
two locations will allow for the confirmation of markers related to important drought or
heat tolerance mechanisms. Once the utility of these markers is confirmed they can be
used for marker assisted selection (MAS) for the development of bentgrass lines with
improved abiotic stress tolerance.

Two populations of 144 creeping bentgrass germplasm, including several
commercial cultivars (Penncross, Crenshaw, Declaration, Penn A-4, Luminary) and new
experimental lines from both UGA and Rutgers were planted in two locations, at the
University of Georgia in Griffin, GA in fall 2012, and at Rutgers University in New
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Brunswick, NJ in fall 2013. These populations represent a diverse collection of
germplasm from both Rutgers and University of Georgia breeding programs to be used
for the confirmation of previously developed markers. Both locations are equipped with
rainout shelters which were used in the spring or fall to exclude rainfall and induce
drought stress. Turf plots have been assessed for both heat tolerance during the summer
months, and drought tolerance at both the University of Georgia and Rutgers; giving
multiple years of phenotypic data at both locations. Parameters measured to estimate
plant health during heat or drought include visual ratings, NDVI (normalized difference
vegetation index), chlorophyll content, membrane stability, use of light boxes to take
photos for digital image analysis, in additional to leaf water content during drought
periods as well as canopy temperature depression during summer heat stress.

A large range of genotypic variations in for both drought and heat tolerance were
found at both locations. In 2015 average turf quality ratings ranged from 1 — 6.3 during
drought, and 1.3 — 6.2 during summer heat stress at UGA, while at Rutgers ratings ranged
from 2.2 — 6.7 during summer heat stress, and 1 — 4.7 during the fall drought period (Fig.
1) Similar distributions can be see for membrane stability demonstrating a large range of
stress tolerance in population (Fig. 2). Many experimental lines performed better than
standard commercial cultivars which ranged from 17% of lines ranking better than the
best commercial cultivars for the Georgia drought trial to 42% of lines ranking better than
the best commercial cultivar during the Rutgers heat trial. Several lines performed
extremely well across both locations for both heat and drought stress such as S11-8675-2
and S11-8712-10 which were always ranked in the top 10%.

Additionally tissue samples from 144 new lines/cultivars have been collected and
DNA has been extracted from them. These samples are being used to screen 54 SSR
markers in the QTL regions associated with drought or heat tolerance. In addition, 13
previously developed candidate gene markers are also examined in the new
lines/cultivars. Over 22 markers have been fully screened and tested for associations
between markers and physiological traits linked to drought or heat tolerance in different
years and locations.

Summary Points:

e A total of 144 new lines/cultivars were evaluated for summer heat tolerance and
drought tolerance in both Georgia and New Jersey giving multiple years of field
data at both locations to use for molecular marker analysis

e Genetic variations for both heat and drought tolerance were found at both
locations, with several elite lines outperforming standard commercial cultivars at
both locations under both heat and drought conditions.

e Screening of DNA markers continues with a large number of markers already
being screened and shown to be polymorphic within the population,
demonstrating that genetic difference for the previously selection markers exist.

e Top performing lines are being selected for more in depth characterization of
mechanisms responsible improved drought or heat tolerance.

Page 9 of 255



USGA Green Section

Figure 1:

2015 Annual Reports

Distributions of turf quality ratings for the University of Georgia drought stress sampling
in June of 2015 (A), Rutgers drought stress sampling in September of 2015 (B),
University of Georgia heat stress sampling in August of 2015 (C) Rutgers heat stress

sampling in August of 2015 (D).
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Figure 2:

2015 Annual Reports

Distributions of membrane stability as estimated by electrolyte leakage for the University
of Georgia drought stress sampling in June of 2015 (A), Rutgers drought stress sampling
in September of 2015 (B), University of Georgia heat stress sampling in August of 2015

(C) Rutgers heat stress sampling in August of 2015 (D).
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Figure 3:
Image taken at the University of Georgia during the 2015 drought stress period
demonstrating the range of responses to drought stress with in the population.
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Figure 4:

2015 Annual Reports

Representative results from SSR marker screening using a capillary electrophoresis
system, showing polymorphisms among three genotypes (A, B, C) for a heat-tolerance
marker. Peaks are SSR marker products and orange dotted lines represent potential

product sizes for the marker.
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Project Title: Germplasm Improvement of Low-Input Fine Fescues in Response to Consumer
Attitudes and Behaviors

Project leader: Eric Watkins
Affiliation: University of Minnesota
Objective:

The long-term goal of this project if the development of improved, low-input fine fescue
cultivars that provide economic and environmental benefits for the public.

Start Date: 2012
Duration: three years
Total Funding: $30,000

This project provides matching funds for a five-year USDA-NIFA project funded by the Specialty
Crops Research Initiative (grant number 2012-51181-19932). The project involves 10 scientists,
along with graduate students and support staff, from three Universities (University of Minnesota,
Rutgers University, and the University of Wisconsin). The project has four objectives:
Obijectives 1 and 2 involve social science research that will determine what consumers desire in
new low-input fine fescue varieties; Objective 3 is focusing on identifying breeding material that
is tolerant of stresses common to low-input turf environments; Objective 4 is addressing the
challenges of educating end-users about the use of fine fescues in parks, lawns, and golf courses.

The fine fescue species have great potential to be functional grasses in sustainable landscapes
including lawns, parks, and golf courses. A major concern for turfgrass managers considering
increasing their use of fine fescues is the ability of these grasses to withstand wear and traffic;
this is especially of concern to golf course superintendents who might want to use fine fescues on
fairways (Fig. 1). For this part of the overall project, our objectives were to 1) evaluate the
performance of fine fescues under abrasive applied with Rutgers Wear Simulator (RWS) and
trampling forms of traffic applied with Cady Traffic Simulator (CTS); and 2) assess the seasonal
effect of abrasive wear (using RWS) on fine fescues in different seasons. Eight passes (one pass
per week for eight weeks) were applied to lawn height fine fescue for each form of traffic during
three traffic periods per year (April to June, July to August, and September to October) from
September 2013 to August 2015. Ten cultivars were evaluated (2 each from the primary fine
fescue species representing one each of a newer and older cultivar). As expected, the uniformity
of turf cover and fullness of turf cover (FTC) was greatest in the non-trafficked check plots. All
newer varieties had improved traffic tolerance than older varieties. In order to improve this trait
in new cultivars, we have begun screening for wear tolerance in both Minnesota and New Jersey
by applying wear to mowed spaced plants (Fig. 2).

As part of our social science research, we have conducted surveys of homeowners throughout

Canada and the United States to discover which traits they desire in a turfgrass. We have
completed choice experiments with homeowners using both online surveys (analysis complete)
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and on-site experiments (analysis ongoing) with real plots (Fig. 3). Generally speaking, many
consumers are willing to pay premiums for turfgrasses with lower maintenance requirements.
Among the three maintenance attributes, mowing requirement is the most predominant attribute
affecting consumers’ purchasing decision. Water usage, followed by fertility requirement, is
also considered as one of the most influential attributes for consumers. Fertility requirements are
found to be affecting consumers’ choices to some extent. Although this research is not directly
applicable to golf courses, it does show that the general public is moving in a direction of
desiring more sustainable turfgrass management.

Other projects that are ongoing include determining heat stress tolerance levels in fine fescues,
screening fine fescues for summer patch and snow mold resistance, identifying fine fescues with
increased weed-suppressive ability (Fig. 4), and additional social science research associated
with our first two objectives.

Summary Points

e Fine fescues have shown potential for use on lower-input golf courses

e Traffic tolerance trials are ongoing and breeding work has been initiated

e Consumers prefer grasses that require less mowing, use less water, and have lower
fertility requirements

Figure 1. Fine fescue fairway trail in St. Paul, Minnesota that includes entries from the 2013
National Turfgrass Evaluation Program Fine Fescue Test.

Figure 2. Individual fine fescue plants were planted in both New Jersey and Minnesota. These
plants will be subjected to wear in order to identify top performing genotypes (photo credit:
Austin Grimshaw).

Figure 3. Consumers visited turfgrass plots in both New Jersey and Minnesota to take part in
surveys. (photo credit: Jingjing Wang)

Figure 4. Preliminary studies have found some fine fescues can suppress the growth of weeds.

This figure shows the effect of a number of Chewings fescue germplasm collections on the
growth of white clover in a laboratory study.
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Figure 1. Fine fescue fairway trail in St. Paul, Minnesota
that includes entries from the 2013 National Turfgrass
Evaluation Program Fine Fescue Test.

Figure 2. Individual fine fescue plants were planted in both New Jersey and
Minnesota. These plants will be subjected to wear in order to identify top
performing genotypes (photo credit: Austin Grimshaw).
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Figure 3. Consumers visited turfgrass plots in both New Jersey and Minnesota to
take part in surveys. (photo credit: Jingjing Wang).

White Clover Root Length Inhibition by Chewings Fescue
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Figure 4. Preliminary studies have found some fine fescues can suppress the growth of weeds.
This figure shows the effect of a number of Chewings fescue germplasm collections on the
growth of white clover in a laboratory study.
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The evaluation of novel hybrid bluegrass in northwest Oklahoma as low-input turf

Objectives:

Seed producing hybrids and checks were seeded in the fall and spring of 2014-15. The objectives were
to evaluate the performance of the entries in a small scale National Turfgrass Evaluation Program (NTEP)
trial for low and medium maintenance turf quality.

The fall medium- and low-trials were seeded on September 24 & 25, 2014. Entries varied for
germination/%cover when rated on Nov 20™. Germination was slightly better in the medium trial for
unknown reasons (Table 1 & 2). The checks (Kentucky and commercial hybrids) generally germinated
well. Six hybrids in the low trial were detected that germinated well (> =5 score) (Table 1). After
establishment, the low input trial was not watered, which eventually indicated which entries contained
possible heat/drought tolerance, based on turf-quality ratings (Table 1; Figure 1 & 2). Between the 6/2
and 8/25 rating in the low maintenance trial, conditions were harsh on Kentucky checks, Bandera and
some experimental hybrids moving them from the near top to near bottom of the rating scale (Table 1).
This was also the time when pure Texas bluegrass and some experimental hybrids that were ranked
lower in quality started to move up the quality scale. With the addition of irrigation in the medium
maintenance trial, the Kentucky checks did not exhibit the level of stress seen in the low maintenance
trial (Table 2). By the last rating date (11/24) in the low maintenance trial, there were several hybrids
and Texas bluegrass that contained a turf quality rating similar to Solar Green (5.0), although they varied
for % coverage. By the last rating on the medium maintenance trial (11/24), some of the hybrids that
ranked high in the low maintenance trial also ranked high in the medium (Table 2). Similar to the
Kentucky checks, some of the hybrids that did not perform well in the low maintenance trial did not
exhibit the stress in the medium trial and ranked higher on the quality scale (Table 2; Figure 2). A spring
seeding trial seeded on 4-15-15 did not result in successful establishment for most of the entries.
Although most of the entries initially germinated and were watered throughout the summer, only the
entries listed in Table 1 with an '*' in the germination column had plants remaining by the fall. On Oct
24,2015 an additional fall seeding trial was seeded. The trial including new hybrid selections in addition
to some of the better performing entries currently identified.

On the basis of first year performance data, several hybrid entries appear to contain greater
heat/drought tolerance than the Kentucky checks; but, similar to the cultivars Solar Green and Thermal
Blue. Due to low seed production, some of the entries only contained one or two replications. The
experimental hybrids with heat tolerance varied for color, texture, density, and first year percentage
ground cover (Figure 2). Although the pure Texas bluegrass population ‘D4’ performed well as
conditions became more extreme, it currently requires prototype equipment to process the seed to a
commercial grade. Further evaluation of the current hybrids, newly selected hybrids, and efforts to
increase seed production are in progress.

Page 18 of 255



USGA Green Section 2015 Annual Reports

Summary:

>A low and medium NTEP turf trial containing novel experimental hybrids derived from crosses between
Texas and Kentucky bluegrass was seeded in the fall of 2014 in Woodward, Oklahoma.

>Several hybrids were identified that appeared to contain greater heat and drought tolerance than the
Kentucky bluegrass checks; but, similar to the cultivars Solar Green and Thermal Blue.

>The hybrids with heat tolerance varied for texture, color, density, first year ground coverage and seed
production.

>Further evaluation of the current hybrids, newly selected hybrids, and efforts to increase seed
production are in progress.

Table 1. Characteristics and performance of hybrids and checks managed under low-input conditions

Low-Input Seeded 9-25-14

Germ Texture Color Turf Quality % Living Cover (2015)
N 11/20/14 4/29/15 10/9/15 2/13/15 4/29/15 6/2/15 8/25/15 9/17/15 10/23/15 11/24/15 3/12 7/30 10/9 11/24
3| 87* 6.0 4.3 |#125 Tkiso 8.7 | |Absolute | 7.0 | |Absolute | 6.0 ||#28:20 Tki[ 5.0 [[TK24 SPS { 5.0 |[Texas D4-i| 5.2 | [#35:24 TK45.5|] 3.0 [ 5.0 | 5.0 [ 5.5
3 8.0 4.7 5.0 |Absolute 8.3 [|Thermal B| 7.0 [|Bandera |6.0 [|TK24 SPS H 4.7 [|#28:20 Tki| 5.0 [|#35:24 TK4 5.0 | |(TK43XTre| 5.3 (| 4.0 | 4.7 | 4.7 | 6.0
3| 7.7* 3.0 3.3 |Solar Green 7.7 ||Bandera | 6.7 |[Thermal B| 6.0 | |#67 TK24X 4.0 | |#35:24 TK4 5.0 | |(TK43XTre| 4.7 | |Texas D4-i{ 5.2 || 4.8 [ 3.8 [ 5.2 | 5.3
3 7.7 4.3 6.7 |#67 TK24XHuntsville | 7.3 ||Solar Greq 6.7 ||Solar Greq 5.7 | |#71 FS 4.0 | |(TK43XTre| 4.3 ||TK24 SPSH 4.0 | |#67 TK24X 5.0 [ 6.0 | 4.7 [ 3.3 | 4.7
3| 63* 7.3 5.0 [#21 D4-10XPoland 7.3 | [#67 TK24X 6.3 | [#57 TK43X 5.7 | |#35:24 TK{ 4.0 | |Texas D4-i| 4.3 [|Thermal B[ 4.0 [[Solar Gred 5.0 [ 7.0 | 6.0 | 5.5 | 5.0
3 8.7* 3.7 5.0 |Thermal Blue 7.0 [[Midnight | 6.3 | [#67 TK24X 5.3 | |(TK43XTre| 3.7 | |#71 FS 4.0 ||#71 FS 4.0 ||#71 FS 5.0]1 1.0 3.0 3.0] 3.0
2 5.5 3.0 5.0 [#56 WL63XRussian FS| 6.5 ||#57 TK43X 6.0 | |[Midnight | 5.3 ||Solar Gred 3.3 [|#67 TK24X 3.7 |[#28:20 Tki| 4.0 |[TK24 SPSH 4.7 || 2.7 | 3.7 | 3.3 | 3.7
3] 7.3* 3.7 4.3 |Bandera 6.3 | |#125 Tkisq 5.7 | [#17 TK43X 5.0 | |Texas D4-if 3.2 | |Texas WL-| 3.7 | [Solar Greq 3.7 |[Thermal B[ 4.7 || 7.0 [ 5.7 [ 56 | 5.7
3 6.7 3.7 4.7 |#50 TK43XTrenton 6.3 | [(TK43XTre| 5.0 | [#21 D4-10| 4.3 ||Thermal B| 3.0 | |Solar Greq 3.3 [|Texas WL-| 3.7 |Texas WL-{4.0|[ 23 | 3.7 | 3.7 | 4.7
2| 55* 3.5 6.0 |#71 TK24XHuntsville | 6.0 [[#17 TK43X 5.0 [[(TK43XTre| 4.0 ||Texas WL-| 2.7 | [Thermal B| 3.0 | [#67 TK24X 3.3 | [#71 TK24X 4.0 || 45 | 4.0 | 2.5 | 2.5
3 [ s5.0* 4.0 5.7 |(TK43XTrenton)XRus |5.0 ||#21 FS 4.7 [|#21 FS 4.0 ||1#87 (WL63 2.0 ||#71 TK24X 2.5 [|#71 TK24X] 2.5 [[#28:20 Tki| 4.0 |[ 2.0 | 4.0 | 4.0 | 4.0
3
1
3
6
3
2
2
3
3
1
1

7.0* 5.3 3.3 |Midnight 5.0 [[#21 D4-10| 4.7 [ [TK24 SPS | 4.0 | [#71 TK24X 2.0 | |#21 FS 2.3 |[#125 Tkisq 2.3 | [#21 FS 33[[40]33[3.0]23
4.0 4.0 4.0 |#17 TK43XTrenton 5.0 [[#71 TK24X 4.5 | [#56 WL63] 4.0 | |[#125 Tkisd 1.7 | |#125 Tkisq 2.0 [|#21 FS 1.7 [|#125 Tkisq3.0([ 6.7 | 40 | 2.3 | 3.0
3.7 5.0 4.0 |#57 TK43XTrenton 4.7 [|TK24 SPS | 4.3 | |#28:20 Tki| 4.0 | |#21 FS 1.7 | [Absolute | 2.0 | [#87 (WL63 1.5 |[Absolute |2.3|[ 7.3 | 4.7 | 4.9 | 2.0
3.2* 3.8 5.2 [Texas D4-iso 4.5 [|#28:20 Tki| 4.0 | |#125 Tkisq 3.7 [ |#56 WL63) 1.5 [|#56 WL63) 2.0 [|Absolute | 1.3 [|#56 WL63)2.0(| 4.0 | 3.0 | 20 [ 2.5
3.0 6.7 6.0 [#21FS 3.7 [|Texas D4-i[ 3.5 [ |#50 TK43X 3.7 | |#21 D4-10| 1.3 [ |#87 (WL63 2.0 [|Bandera [1.0||#87 (WL632.0|| 2.0 | 2.5 | 3.2 | 2.0
2.0 4.0 6.0 |#35:24 TK43XTrenton | 3.0 [[#56 WL63) 3.5 [[#71 TK24X 3.5 | |Midnight | 1.3 [[Bandera | 1.0 ||#21 D4-10| 1.0 ||#21 D4-10|1.7 | 6.0 | 3.7 | 1.7 | 2.0
2.0 3.5 4.5 |#87 WL63XRussian FS| 2.5 | |#35:24 TK4 3.5 | [#35:24 TK{ 3.5 | |Absolute | 1.0 |[#21 D4-10[ 1.0 |[#50 TK43X 1.0 ||Bandera [1.3|| 6.0 [ 40 [ 45| 1.0
2.0 2.7 4.0 |Texas WLl-iso 2.3 ||#50 TK43X 3.0 |[Texas D4-if 3.0 ||Bandera [1.0 ||Midnight | 1.0 |[#57 TK43X 1.0 ||Midnight (13| 57 [ 40 [4.1 ]| 1.3
1.7 2.3 6.3 |TK24 SPS FS 2.0 [|#87 (WL63 3.0 [ |#87 (WL63 3.0 [|#50 TK43X 1.0 [|#50 TK43X 1.0 [|#56 WL63] 1.0 | |#50TK43¥ 1.3|| 53 | 3.3 | 1.0 | 13
2.0 3.0 6.0 |#28:20 Tkiso 2.0 [[#71 FS 3.0 [[#71 FS 3.0 |[#57 TK43X 1.0 | |#57 TKA3X 1.0 | [#17 TK43X 1.0 | |#57 TK43X 1.3 || 5.3 [ 43 [ 1.3 | 1.7
1.0 4.0 6.0 [#71FS 1.0 | [Texas WL-| 2.3 [|Texas WL-| 2.3 [[#17 TK43X 1.0 | [#17 TK43X 1.0 | [Midnight | 0.7 |[#17 TK43X 1.0|[ 40 | 40 ]| 1.0 | 1.0

Low-input = 3.5” mowing height; 0.75 |b N/1000 ft’/ Spring & Fall; no irrigation after establishment

Absolute, Midnight = Commercial Poa pratensis (Kentucky bluegrass); Solar Green, Thermal Blue, Bandera =
Commercial Texas x Kentucky hybrids; Texas D4 & WL = Poa arachnifera (Texas bluegrass) experimental
populations. Others = experimental hybrids. FS = fully shucked seed in which pure caryopsis were seeded.

N = # of plots
Germ = germination/%coverage (1 low -9 high), entries with an ‘*’ also germinated when seeded in the spring

Texture = (1 coarse — 9 fine); Color = (1 light — 9 dark); Turf Quality (1 low — 9 high); % Living Cover (1 low —9
high)
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Table 2. Characteristics and performance of hybrids and checks managed under medium-input
conditions.

Medium-Input Seeded 9-24-14
Germ Texture Color Turf Quality % Living Cover (2015)

11/20/14 4/29/15 10/9/15 2/13/15 4/29/15 6/2/15 8/25/15 9/17/15 10/23/15 11/24/15 3/12 7/30 10/9 11/24
7.0 4.0 5.0 |#17 TK43XTrenton 8.0 [[Solar Greq 6.7 -E #71 FS #71 FS 10[3.0]3.0]3.0
7.0 6.0 [ 5.3 |#125 Tkiso 7.3 6.3 [[Bandera |6.0|[Solar Greq 5. . . .0 2737|3337
6.0 2.0 5.0 |Solar Green 6.7 [|Thermal B| 6.3 [ |#57 TK43X 6.0 50|70]|66]|70

Thermal B 5757|6750
3050|5055
5.0 [6.7]60]|70
2750|5743

Texas D4 2852|4960

N

1

3

3

3 5.3 6.0 4.7 |#21 D4-10XPoland 6.3 ||#57 TK43X 6.3 [[#17 TK43X 6.0
3 4.7 4.0 4.7 |Bandera 5.7 ||Bandera [6.0 -z #71 FS #57 TK43X

3 6.3 5.3 6.7 0 ||Thermal B| 5.7 #57 TK43X 5.0 | |#17 TK43

3] 63 2.7 5.0 [Thermal Blue 5.7 5.7 ||Solar Greq 5.3 .3 |[#17 TK43X 5.0 | [Texas D4-j

2| 4.0 4.0 | 6.5 |#71 TK24XHuntsville |4.5 |[#125 Tkisq 5.0 | [#67 TK24X 5.0

3 3.0 3.3 6.7 |#67 TK24XHuntsville #67 TK24X 5.0 | |#87 (WL63 4.5 || Thermal B| #17 TK43X6.01]1 3.0 [ 5.0 | 6.0 | 5.0
3 4.3 5.3 6.7 #21 DA-10| 5.0 | |#125 Tkisq 4.0 | |#87 (WL63 3.5 | |Texas D4-i[ 4.2 #125 Tkisq5.7|[ 6.0 | 5.7 | 5.2 | 5.7
3 4.3 3.3 3.7 |#50 TK43XTrenton 3.7 [[#21 FS 4. 4.0 |[#67 TK24X 3.3 [|#125 Tkisq 4.0 [|#71 FS 5.0 |[#57 TK43XY5.71| 53 |43 | 1.3 [ 1.7
6

2

3

3

2

2

3

3

3

1

1

u
~

#17 TK43X 6.

w
~

3
2.5 3.7 3.8 [Texas D4-iso 3.3 -E #21 FS 4.0 [[#21 FS .3 | [#87 (WL63 4.0 | [#71 TK24X 4.5 | [#87 (WL63 5.5 | 2.0 | 2.5 | 3.2 | 2.0
2.5 3.0 5.0 #50 TK43X 3.3 ||#21 D4-10] 4.0 | |#57 TK43X 3. 4.0 |[#87 (WL63 4.5 -E 4.0 |47 147 |60
2.7 3.7 6.0 #71TK24X 3.0 Texas D4-i| 3.3 | |#71 TK24X 3.5 iz #71TK24X5.0|[ 3.0 | 4.0 | 3.5 | 3.0
13 5.3 5.3 |#21FS 2.3 [[#71 FS 3.0 #125 Tkisd 3.0 | [#67 TK24X 3.3 | [#21 FS 4.3 ||#67 TK24X 4.3 || 2.7 | 4.7 | 4.7 | 3.3
qi 5 [|#71 TK24X 2.5 [ [#21 FS 3.3 |[Texas WL-| 4.0 ||Texas WL-|4.3|| 2.3 | 3.7 | 3.7 | 4.7
#87 (WL63 3.0 | [#71 TK24X 3.0 |[Bandera | 2.0 ||Bandera |3.0|[#28:20 Tki| 4.0 | [#28:20 Tki|4.0|[ 2.0 [ 4.0 [ 4.0 | 4.0
#71 FS 3.0 [|#28:20 Tki| 2.0 ||#28:20 Tki| 3.0 [ |#67 TK24X 3.7 [|Bandera [3.7[| 43 | 53 [ 4.9 | 3.7
2.0 3.0 5.0 [#56 WL63XRussian FS| 2.0 #28:20 Tkif 3.0 | [Texas WL-| 1.7 | |Texas WL-[ 2.7 |[Bandera [ 3.3 |[#21 FS 3.7([40]33[3.0]23
1.0 3.3 4.0 [Texas WL-iso 1.3 | [#28:20 Tki| Texas D4-i[ 2.8 | [#50 TK43) 1.3 | |#50 TK43X 2.0 | [#21 D4-10| 2.7 |[#21 D4-10{ 2.7 || 5.3 [ 3.7 | 4.0 | 3.0
1.0 4.0 7.0 [#71Fs 1.0 | [#56 WL63] 1.7 [ [#56 WL63] 2.7 | [#21 D4-10] 1.0 | [#21 D4-10] 1.3 [[#50 TK43X 2.3 |[#50 TK43X 2.7 |[ 3.3 | 4.0 | 3.4 | 23
1.0 2.0 5.0 [#28:20 Tkiso 1.0 ||Texas WL-| 1.7 || Texas WL-| 2.0 [|#56 WL63] 1.0 | [#56 WL63] 1.0 | [#56 WL63] 1.0 | |#56 WL63)1.3]|| 4.0 [ 3.0 |20 (25

N
N |o

1.5 3.5 6.0 |#87 (WL63XRussian) H
1.0 25 | 40
2.3 4.3 4.7 |#57 TK43XTrenton 2.0 ||Texas D4-ij

g
=)

3.0
3.0
3.0

Medium-input = 2.5” mowing height; 2 Ib N/1000 ft’ Spring and Fall; irrigation to prevent stress or dormancy

3-25-15 Low 6-17-15 Low

7-15-15 Low

9-28-15 Med 11-25-15 Med

Figure 1. Photographs of the low and medium input seeded turf trial starting from
approximately five weeks after seeding (10-29-14) to late November the following year.
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Figure 2

Figure 2. All photos were taken on December 3, 2015. Names in the top left
corner correspond to the entries in Table 1. The best plot, when there was a
visible difference, within the low and medium trials was photographed for the

figure.
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Reduced Water Consumption of Perennial Ryegrass in the Western USA
Joseph G. Robins and B. Shaun Bushman
USDA-ARS, Logan, UT

Perennial ryegrass (Lolium perenne L.) is one of the more important cool-season
turgrasses for golf courses. Unfortunately, in much of the Western USA perennial ryegrass
requires high amounts of irrigation to maintain acceptable quality. With ongoing drought in
several western states and the uncertainty of future precipitation patterns under climate change
there is a need for turfgrasses with lower irrigation requirements. To facilitate the development
of lower irrigation requiring perennial ryegrass cultivars, ARS researchers in Logan, UT initiated
a study to evaluate a large collection of perennial ryegrass germplasm for turfgrass quality under
limited irrigation.

In 2014, ARS researchers requested seed of perennial ryegrass cultivars with improved
drought tolerance from North American and European turfgrass seed companies. Most of the
companies responded by sending seed samples for their most drought tolerant cultivars. Several
also included seed of non-drought tolerant cultivars to be used as comparisons in the evaluations.
ARS researchers also requested perennial ryegrass seed of 66 accessions in the U.S. National
Plant Germplasm System (NPGS). The objective of the seed request from the NPGS was to
include a wide portion of the genetic variation present in perennial ryegrass originating from
drier regions. Perennial ryegrass accessions in the NPGS predominate from some countries, for
example Turkey, and thus countries are not equally represented.

The number of perennial ryegrass germplasm accessions requested from the NPGS
according to country of origin.

Country No. of Accessions
Afghanistan 4
Bolivia 1
Iran 10
Iraq 1
Russia 5
Former Soviet Union 6
Spain 1
Turkey 36
Turkmenistan 1
Uzbekistan 1

The original research plan was to establish replicated field trials of the perennial ryegrass
germplasms at three sites in northern Utah (Millville, North Logan, and Kaysville) during fall
2015. Unfortunately, the NPGS was unable to supply sufficient seed for the seeding of the
proposed evaluations. This necessitated the increase of the NPGS seed by the ARS researchers.
During winter 2014-15, 30 seeds from each NPGS accessions were seeded to flats in the
greenhouse at Logan, UT. After establishment of the plants, the plants of each accession were
vernalized in growth chambers. In spring 2015, the vernalized plants from each NPGS accession
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were transplanted to isolated crossing blocks at a Millville, UT field site. Following pollination
and seed maturation, the ripe seed was hand-harvested from each plant and bulked by accession.
Seed was then threshed and cleaned in preparation for fall 2016 planting. Many accessions
produced sufficient seed for the 2016 planting. However, to ensure sufficient seed supply, seed
from the NPGS accession will also be harvested, threshed, and cleaned in 2016 in time for the
fall planting.

Isolated seed production crossing blocks of the
NPGS accessions at the Millville, UT field site in 2015.

Although the lack of necessary seed put the project timeline back one year, the ARS
researchers felt the delay worthwhile to include a wider sample of perennial ryegrass variation in
the evaluations. This will provide a more robust examination of the variation within perennial
ryegrass for irrigation requirements and allow for a more informed selection process.

Summary Points

e Obtained cultivars and accessions from seed companies and NPGS to be used in
germplasm evaluation.

e Established seed production crossing blocks for the 66 NPGS accessions.

e Harvested seed from the 66 NPGS accessions.
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Evaluation of Crown Membrane Health and Gas Accumulation in Response to Ice Stress
and Management Practices of Creeping Bentgrass and Poa Annua

Emily Merewitz and Kevin Frank

Michigan State University
Start date: 2015
Project duration 2 years
Total funding: $20,000

Objectives:

1. Investigate whether crown membrane fatty acid ratios and composition may correlate to toxic
gas accumulation and are they differentially accumulated between creeping bentgrass and poa
annua under ice cover stress

2. Evaluate how lipid profiles and FFA change over a time course of ice cover

3. Use a simulated ice cover experiment to determine whether membrane health changes due to
incubation of turf with specific ice cover associated gases

4. Evaluate whether chemical treatments commonly used in the turf industry reduce turf loss due
to ice cover, particularly related to membrane disruption or FFA accumulation

Creeping bentgrass and annual bluegrass are two important putting green species that are
sensitive to ice cover damage. Creeping bentgrass is typically more tolerant to ice stress than
annual bluegrass. A major cause of damage under prolonged ice cover is the accumulation of
toxic gases and damage to grass crown tissue. Several management practices have been reported
to improve turf survival of winter, but have not been investigated in controlled studies. This
project aimed to determine whether commonly used plant growth regulators (PGRs) and an oil
based product, Civitas, have an effect on turf survival of ice cover and is that survival related to
membrane or crown health.

Separate creeping bentgrass and annual bluegrass fields were maintained at the Hancock
Turfgrass Research Center at Michigan State University. Plots of both species were treated in
late summer through fall of 2014 every two weeks with: Civitas, mefluidide, propiconazole, or
trinexapac ethyl at label recommended rates. Turfgrass plots underwent natural acclimation to
cold conditions in fall 2014. Turfgrass plugs were then taken on 11 Nov 2014 from each plot,
planted in 4 inch plastic pots in native soil, and then transferred to an environmentally controlled
low temperature growth chamber (-4°C) where they underwent 1) no ice or 2) ice cover (0.5”
thick) treatments. Turfgrass plugs were taken out of the low temperature growth chamber at 0,
20, 40, 60, and 100 days after temperature treatments. Plants were then destructively sampled by
cutting the plants in half. Half of the plant went to gas chromatography mass spectroscopy
(GC/MS) for analysis of free fatty acids while the other half went towards a percent regrowth
assay in a greenhouse.

Ice covered plugs treated with mefluidide, propiconazol, and civitas all had significantly
more regrowth than trinexapac-ethyl and untreated control plugs after 20, 40, and 60 days in the
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low temperature growth chamber. Exposure of plants to the low temperature chamber conditions
and the regrowth assay results should not be directly correlated with number of days of survival
in the field. The chamber conditions completely freeze the soil profile, which would not likely
occur under field conditions. We are currently installing heating ribbons in the growth chamber
in order to keep soil temperatures warmer and more closely aligned with field conditions for
future projects.

At 20 days under ice cover, the majority of the fatty acids detected within annual bluegrass were
linolenic acid, linoleic acid, oleic acid, stearic acid, palmitoleic acid, and palmitic acid. Plants
that were treated with mefluidide, propiconazole, and Civitas have a greater percentage of
polyunsaturated fatty acids, with linoleic acid being the most increased due to these chemical
treatments, compared with trinexapac-ethyl and untreated samples (Table 1). The unsaturated
fatty acid linoleic acid is a precursor to the plant hormone jasmonic acid, a hormone involved in
stress responses and the induced systemic resistance pathway. Fatty acids greater than 18
carbons were detected in trace amounts primarily in Civitas treated samples. Further evaluation
of these profiles is needed and is being performed.

Currently, field plots are being treated in the same manner as in 2014 in order for collection of
turf plugs. Analysis on creeping bentgrass plants and the other objectives listed above are also
on-going.

Summary Points

e Annual bluegrass regrowth after simulated ice cover in a growth chamber was
significantly affected by plant growth regulator or civitas treatments.

e Enhanced survival of annual bluegrass after treatment with plant growth regulators or
civitas could be related to shifts in fatty acid accumulation.

e More work is on-going to thoroughly investigate fatty acids and gas accumulation in both
creeping bentgrass and annual bluegrass responses to chemical management practices and
ice cover.
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Figure 1 — Annual bluegrass plants treated with Civitas, mefluidide, propiconazole, trinexapac
ethyl, or untreated under ice (0.5” thick) in a low temperature growth chamber (-4°C)
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Figure 2 — Regrowth (%) of annual bluegrass plugs maintained under ice cover in a low
temperature growth chamber (-4 °C) that were treated with different plant growth regulating
compounds. Different letters indicate statistically significant differences within a sampling day

(P <0.05).
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Table 1. List of free fatty acids found in annual bluegrass crown tissue exposed to different
chemical treatments after 20 days of ice cover. The fatty acid designation ratios are (C, number
of carbon atoms)/(D, number of double bonds). Different letters indicate statistically significant
differences within each column (P < 0.05).

Fatty Acids
Molar percentage (mol %)
saturated unsaturated Trace
16:0 18:0 16:1 18:1 18:2 18:3 24:0 26:0
Palmitic | Stearic | Palmitoleic | Oleic | Linoleic | Linolenic | Lignoceric | Cerotic
acid acid acid acid acid acid acid acid
Civitas 305bc | 29.1b | 6.6ab | 67a | 135b | 12.9ab 0.08 0.06
Propiconazole | o6 g | 262h |  47c¢ | 53a | 21.6a | 153a N/A N/A
Mefluidide 293¢ | 262b | 63ab | 7.a | 19.0a | 11.7ab N/A N/A
eTtrr:;fxapaC' 334ab | 354a 72a 58a | 90bc | 9.3b N/A N/A
Untreated 35.0a | 37.0a | 55hc 56a | 8.0c 8.1b N/A N/A
LSD 3.83 1.33 4,73 2.22 4.83 5.73
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Understanding endophyte-mediated dollar spot resistance in red fescue as a new
approach to improving management of dollar spot in creeping bentgrass

Zipeng Tian, Karen V. Ambrose, and Faith C. Belanger

Dollar spot is one of the most problematic diseases for many golf courses,
particularly on creeping bentgrass, often requiring repeated applications of
fungicides. In addition to creeping bentgrass, dollar spot can also be a problem on
strong creeping red fescue. However, when strong creeping red fescue is infected
with the symbiotic fungal endophyte Epichloé festucae, the plants exhibit resistance
to dollar spot (Clarke et al., 2006). How infection by the endophytic fungus confers
disease resistance to the host red fescue is not known. Resistance to fungal
pathogens is not an established effect of endophyte infection of other grass species,
and may therefore be unique to the fine fescues.

We recently carried out a large scale transcriptome study comparing endophyte-
free and endophyte-infected red fescue plants, with the goal of identifying plant or
fungal genes that may be involved in the observed disease resistance (Ambrose and
Belanger, 2012). Analysis of the plant genes whose transcript levels were affected
by the presence of the fungal endophyte did not reveal any strong candidates for
genes directly related to enhanced disease resistance. However, one of the fungal
abundant secreted proteins is of particular interest regarding the disease resistance
observed in endophyte infected fine fescues. This protein is similar to characterized
antifungal proteins from Penicillium and Aspergillus (Marx, 2004). We have
therefore begun referring to the E. festucae protein as an antifungal protein. As a
secreted protein, the E. festucae antifungal protein could come into direct contact
with invading pathogens. Surprisingly, the gene for this antifungal protein is not
present in most Epichloé species. The limited presence of the gene among the
Epichloé species and its high level of expression in E. festucae suggest it may be
involved in the disease resistance seen in E. festucae infected red fescue.

Understanding the mechanism behind the endophyte-mediated disease resistance
in the fine fescues may lead to new approaches for dollar spot management in other
grass species, such as creeping bentgrass. The objective of this project is therefore
to characterize the endophyte antifungal protein and determine if it does play a role
in the disease resistance.

We used protein sequencing to confirm the presence of the antifungal protein as a
component of the secreted proteins extracted from endophyte-infected plants. The
secreted proteins were extracted from the leaves of endophyte-free and endophyte-
infected plants and compared on a SDS-polyacrylamide gel. One protein band was
more prominent in the endophyte-infected samples and protein sequence analysis
of the band indicated the antifungal protein was the major component in the band
(Figure 1, E- and E+ lanes). We have partially purified the antifungal protein from
the secreted proteins (Figure 1, lane 2). The partially purified protein did have
antifungal activity against the dollar spot fungus in a plate assay (Figure 2). We are
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currently working on expressing the protein in yeast in order to produce larger
quantities of the protein for additional tests of antifungal activity. In summary, the
data we have obtained so far are promising regarding the possibility that the E.
festucae antifungal protein may be a component of the disease resistance seen in
endophyte-infected strong creeping red fescue.
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Bullet Points

1. The fungal endophyte Epichloé festucae secretes an abundant protein into the
plant apoplast (the space between the plant cells) that is similar to proteins from
Penicillium and Aspergillus that have antifungal activity.

2. We have partially purified the E. festucae protein from the secreted proteins.

3. The partially purified E. festucae protein had antifungal activity against the dollar
spot fungus in a plate assay. It may therefore be a component of the well-
established endophyte-mediated disease resistance seen in strong creeping red
fescue.

Figure Legends

Fig. 1. SDS-polyacrylamide gel of secreted proteins from endophyte-free (E-) and
endophyte-infected (E+) strong creeping red fescue leaves and column fractions
from the purification of the antifungal protein (lanes 1, 2, and 3). The asterisks
indicate the protein bands containing the antifungal protein. The antifungal protein
was most concentrated in column fraction 2.

Fig. 2. Plate assay of activity of the partially purified antifungal protein against the
dollar spot fungus. A small piece of the dollar spot fungus was placed in the center
of an agar plate and the partially purified antifungal protein and a buffer control
were spotted at opposite ends of the plate. The growth of the dollar spot fungus was
inhibited by the antifungal protein (top, black arrow) but not by the buffer control
(bottom, white arrow).
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Figure 1. SDS-
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Title: Bermudagrass Breeding and Genetics (2006-18-326)
Project Leader(s): Brian Schwartz

Affiliation: The University of Georgia

Objectives:

1. To evaluate the performance of new bermudagrass and zoysiagrass hybrids under
actual golf course putting greens management.

Start Date: 1999
Project Duration: Ongoing
Total Funding: $160,000

We began the first phase of this research plan in 2012 as a way for me to develop relationships
with golf course superintendents who had collaborated with the Tifton program in the past.
Everyone who volunteered to participate took on the burden of building or renovating old
practice greens for me to test the hypotheses of whether or not new bermudagrass hybrids, i.e.,
ones that are not ‘Tifgreen” mutants, or if needle-like zoysiagrasses could be managed
successfully. What we have learned to-date is that just because a grass has deeper roots, a thin
mat-layer, and outperforms Tifdwarf, MiniVerde, Champion, and TifEagle on the research
station does not mean that they will find a place on the golf course. The take-home message
from the first few years of these trials has helped shape my strategy for breeding new putting
greens grasses. Simply, a plant with smaller, upright leaves does not necessarily correlate with a
faster, better putting surface.

Summary Points:

1. Prior to 2015: Ken Mangum fumigated the research green at the Atlanta Athletic Club
with Basamid prior to planting on June 5", 2012. The bermudagrasses established
very quickly, but the zoysiagrasses took over one year to fully grow-in. A picture of
the green and a summary of the stimp readings are below.

(2012 - 2014) May 2", 2013  Overall Avg.
— Champion 114 10.1
- Bermuda
08-T-18 9.9’ 8.4
Diamond - 8.3’
L1F 8.9’ 8.2
- | Zoysia
| 10-TZ-74 - 8.2
FAES 1301 7.8 7.4
Paspalum 1743 8.3 7.9
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2. 2015: Trials were planted during 2015 at the Country Club of Columbus, The
Landings, and the Atlanta Athletic Club. Also, Scott Griffith built a 1,500 ft*
research green with drainage at the University of Georgia Golf Course with partial
funding from the USGA grant given to the UGA Tifton Breeding Program prior to
planting 10-TZ-74 zoysiagrass sod on July 29™, 2015. The sod rooted relatively
quickly and has been topdressed regularly since planting so that stimp meter
evaluation can begin during 2016 at putting greens HOC. Pictures of the green at
planting and during the fall 2015 are below.

3. Future Work: We have plans to establish new tests at the VValdosta Country Club and
the Atlanta Country Club during 2016.
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Development of Seeded and Vegetatively Propagated Bermudagrass Varieties
Improved in Turf Quality and Stress Tolerance

Yangi Wu and Dennis L. Martin
Oklahoma State University

Objectives:

1. Assemble, evaluate and maintain Cynodon germplasm with potential for contributing to

the genetic improvement of the species for turf.

Develop and use simple sequence repeat markers.

3. Improve bermudagrass germplasm for seed production potential, turf performance
traits, and stress tolerance.

4. Develop, evaluate and release seed- and vegetatively-propagated turf bermudagrass
varieties.

N

Start Date: 2013
Project Duration: three years
Total Funding: $90,000

Bermudagrass is a major warm-season turfgrass that has been widely used on golf
courses, sports fields, home lawns, and other landscapes in the United States. The major goal of
the Oklahoma State University turf bermudagrass breeding program is to develop high quality,
seeded and clonal cultivars with improved resistance to abiotic and biotic stresses. Research
progress of the OSU turf bermudagrass breeding project in 2015 is summarized as follows.

Seed yield is a major trait targeted for improvement in common bermudagrass breeding
programs because of the increased interest in seed-propagated cultivars. Understanding the
nature of genetic variation for seed yield and its components in bermudagrass would aid
development of seed-propagated bermudagrass cultivars. As part of Dr. Chengcheng Tan’s Ph.D.
research program, a field-based experiment was performed to estimate the genetic component of
variation and narrow-sense heritability for seed yield and its two major components,
inflorescence prolificacy and seed set percentage in common bermudagrass. Twenty-five half-sib
families and their respective clonal parents were evaluated at two Oklahoma locations, Perkins
and Stillwater. Half-sib families were different for seed yield, inflorescence prolificacy and seed
set percentage, indicating the expression of additive genes in controlling these traits. Narrow-
sense heritability estimates for seed yield was 0.18 based on variance component analysis among
half-sib families and ranged from 0.26 to 0.68 based on parent-offspring regressions, indicating
complex genetics control seed yield. Heritability estimates were moderate (0.30-0.55) for
inflorescence prolificacy and moderate to relatively high (0.41-0.78) for seed set percentage.
These results indicate that sufficient magnitudes of additive genetic variation for seed set
percentage and inflorescence prolificacy will permit a positive response to selection.

A nursery of 98 cold hardy plants has been evaluated for turf performance, seed yield and
related traits since 2011 as part of Ph.D. graduate student Yuanwen Guo’s thesis project. More
than 1,800 progeny plants were developed from equally mixed seed collected from the 98 plants
grown in a selection nursery. The progeny plants transplanted in a nursery were visually
evaluated for establishment rate, leaf texture, color, spring green up, seed head prolificacy in

1
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2015 (Figure 1). Selected plants in the nursery will be evaluated for seed set and turf quality
traits in 2016 and 2017. In the early summer of 2015, parental plants of 12 new polycrosses (to
produce synthetic seed) were transplanted into separate nurseries (Figure 2). The parents were
selected from four breeding populations based on relatively high seed yield and acceptable turf
quality in previous years. Seed yields of the new crosses will be evaluated in 2016 and 2017.

Thirty-five official and four local entries in the 2013 NTEP bermudagrass trial were
evaluated for sod tensile strength, sod handling quality and divot recovery characteristics during
2014 and 2015. This work was conducted by M.S. candidate Lakshmy Gopinath at Stillwater,
OK. Bermudagrass sod harvested at 24 months after planting (MAP) generally had greater mean
sod tensile strength (STS) and handling quality (SHQ) compared to sod harvested at only 14
MAP. Our experimental entries OKC 1131 and OKC 1302 had high STS and excellent SHQ on
all harvest dates. A first-ever regression equation was developed that related bermudagrass STS
(a quantitative measure of sod strength) to sod handling quality. We believe this relationship
allows for decision making concerning the minimum STS necessary for satisfactory SHQ.
Analysis of divot recovery data is not complete at this time. We anticipate the ability to
characterize all entries for their divot recovery rate under spring, summer and fall growing
conditions.

Summary Points

e A common bermudagrass experiment indicated low narrow-sense heritabilities of seed
yield, but moderate and relatively high heritabilities of seed head prolificacy and seed set
percentage.

e A common bermudagrass selection nursery was evaluated for phenotypic traits related to
turf quality and seed yield.

e Twelve polycross plantings were field established to evaluate seed yield and selected
traits related to turf performance.

e Sod tensile strength, handling quality and divot recovery were evaluated on 35 official
and 4 local entries in the 2013 NTEP bermudagrass trial at Stillwater, OK.

2
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Figure Captions

Figure 1. A field nursery of more 1,800 plants evaluated in establishment rate, turf quality, and
seed yield related traits.

Figure 2. Twelve new polycross established to produce synthetic seed.

3
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Development of Shade-Tolerant Bermudagrass Cultivars for Fine Turf Use
Yangi Wu, Kyungjoon Koh, and Greg Bell
Oklahoma State University

Start Date: 2014
Project Duration: three years
Total Funding: $60,000

Objectives:

1. Cross bermudagrass selections screened for shade tolerance and fine turf qualities.

2. Establish progeny from seed and evaluate the progeny for shade tolerance, seed
yield, and fine turf qualities.

3. Develop a shade-tolerant seeded bermudagrass cultivar(s).

Bermudagrass (Cynodon spp.) is the most popular warm-season turfgrass used
on golf courses in the US. However, most currently available bermudagrass cultivars
don’t have sufficient shade tolerance. Since 2007, with financial support from the
USGA, 45 common bermudagrass [C. dactylon (L.) Pers.] germplasm accessions
assembled at the Oklahoma State University turfgrass breeding program with seed-
producing potential were tested and selected for shade tolerance. Using the best
germplasm accessions, two synthetics, OKS 2011-1 and OKS 2011-4 were created. In
the summer of 2013, the two new synthetics along with ‘Celebration’, ‘Latitude 36’,
‘NorthBridge’, ‘Patriot’, ‘Princess 77’, ‘Riviera’, ‘TifGrand’, and “Yukon’ were planted in
0.91 m x 1.52 m (3 ft. x 5 ft) plots with four replications on each of three sites, one
severe shade site, one partial shade site, and one full sun site. The three sites are
adjacent each other and located on the OSU Turf Research Center. Plots were mowed
3 times per week at 5 cm height and nitrogen was applied at 5 g/m? (1 Ib. /1000 ft?)
monthly. Irrigation was applied at rates and frequencies necessary to prevent drought
stress.

In 2015, 67% of photosynthetic photon flux (PPF) was reduced in shade plots as
compared to the full sun site. It was 23% more shade than the previous two years due
to the adjustment of the shade cloth more toward to the center of the shade block.
Shade plots received full sun light between ~ 9:30 to 10 am. Increase in shade duration
decreased turf quality to 36% in 2015 from 26 % in 2014 and NDVI 26% from 7.7 %.
Celebration and NorthBridge were the top ranked bermudagrasses in shade plots
(Table 1). However, the best six cultivars and worst four cultivars in shade remained
same as year 2014. OKS 2011-1 was not significantly different from Riviera and Yukon.
Among seeded type bermudagrasses, OKS 2011-1 was visually ranked the same as
Riviera, Yukon, and OKC 2011-4 in shade. Patriot and TifGrand were the most poorly
performed cultivars both in shade and full sun. On April 30, 2015, 98 best plants from
2011-3 nursery plots in severe shade (Photo 1) were collected for further development.
OKS 2011-1 and 2011-4 were among the top ranked cultivars for spring green up both
in shade and full sun.

1
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Table 1. The visual turf quality (TQ) means of bermudagrass collected on nine rating

dates from 15 May to 16 Oct 2015.

2015 Annual Reports

Bermudagrass Shade Shade/sun

TQ Visual Rank* NDVI** TQ Visual Rank NDVI Decline***

1-9=best ---- LSD ---- 1-9=best ---- LSD ---- - % —-

Celebration 5.3 A 0.6275 6.9 DE 0.8000 -21.56
NorthBridge 5.1 AB 0.6325 7.6 A 0.8075 -21.67
Riviera 4.8 BC 0.5750 7.4 BC 0.8175 -29.66
Yukon 4.7 BCD 0.6050 7.5 AB 0.8075 -25.08
Latitude36 4.7 BCD 0.6125 7.5 AB 0.8225 -25.53
2011-1 4.5 CDE 0.6250 7.1 CD 0.8050 -22.36
Princess77 4.4 CDE 0.6525 6.7 F 0.8000 -18.44
2011-4 4.3 DE 0.5625 7.0 D 0.8050 -30.12
TifGrand 4.2 E 0.5350 6.5 F 0.8150 -34.36
Patriot 3.6 F 0.5325 6.7 F 0.7950 -33.02
LSD 0.4 0.0557 0.24 0.019

*Based on Fisher's protected least significant difference (P=0.05); means followed by

the same letter do not differ significantly. **Normalized difference vegetation index (near

infrared reflectance - red reflectance) / (near infrared reflectance + red reflectance).
***NDVI in shade compared with NDVI in full sun reported in %; (shade - full sun)/full

sun*100
Table 2. The spring greenup ratings on April 9, 2015.
Bermudagrass Shade Sun

Visual Visual Rank* Visual Visual Rank

rating rating

1-9=best ----LSD --- 1-9=best ----LSD ----
Riviera 6.0 A 7.0 A
2011-1 5.5 AB 6.8 AB
NorthBridge 5.5 AB 6.0 BC
2011-4 5.5 AB 7.0 A
Yukon 5.5 AB 7.0 A
Latitude36 4.8 BC 5.8 C
Celebration 4.3 CD 4.3 D
TifGrand 3.8 DE 3.0 EF
Princess77 3.3 E 2.3 F
Patriot 3.0 E 3.3 E
LSD 0.8 0.9

*Based on Fisher's protected least significant difference (P=0.05); means followed by

the same letter do not differ significantly
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Summary Points

e The overall turf quality of bermudagrass entries in shade compared with that
in full sun declined from 27% in 2014 to 36% in 2015.The NDVI decline also
deepened from 7.7% in 2014 to 26% in 2015 after moving 75% black woven
shade clothes to the center of the plots in 2015.

e Best 98 plants were selected in a segregation population from the 2011-3
nursery plots under severe shade.

e OKS 2011-1 bermudagrass was equally ranked to Yukon, Riviera, Princess77
and OKS 2011-4 and better than Patriot in shade.

Photo 1. Best survival plants selected in the 2011-3 bermudagrass population grown in
severe shade.

3
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Annual Report on USGA 1D#2014-03-492

Developing and Validating a New Method to Improve Breeding for Cold-tolerant Bermudagrass
Xi Xiong', Yangi Wu?, and Reid J. Smeda®

YUniversity of Missouri and ?Oklahoma State University

Objectives: To develop a new technique that simplifies evaluation of bermudagrass for cold
tolerance, and thereby improves breeding efficiency and facilitate the process.

In 2015, we have been working on the segregating population, provided by co-Pl Wu.
This segregation population was made by crossing a cold-tolerant entry A12396 (pollen donor)
with a cold-sensitive entry A12395 (seed parent). The entry A12396 is a breeding line selected
from the Oklahoma State University (OSU) bermudagrass germplasm known for cold hardiness.
The entry A12395 is a collection from Puerto Rico which is susceptible to low temperature stress.
With such a cross, we generated a population with anticipated segregation for cold tolerance.

First, a replicated experiment was conducted to evaluate the parent plants for their
tolerance to AOPP herbicide. Results showed that A12395, the cold-sensitive entry collected
from Puerto Rico, exhibited significant susceptibility to the AOPP herbicide, compared to the
cold-tolerant entry A12396 (Fig 1). After germinating the progenies, the first set of 30 progenies
were subjected to herbicide application in a replicated experiment. Data showed a differential
response to the herbicide as we hypothesized (Fig 2.). As of now, we have screened 60 of a total
120 germinated progenies from this population. The current plan is to continue screening, then
select representative progenies that exhibit various levels of herbicide tolerance for a chilling
stress experiment. The correlation of plants to the two stresses will then be evaluated, before
planting the selected plants into the field in the spring of 2016.

The second experiment we conducted was to rule out the possibility that the herbicide
tolerance could be due to differences in herbicide absorption and/or translocation. A **C-labeled
fluazifop (Fusillade I1) has been acquired from Syngenta, and a known cold-tolerant and a cold-
susceptible bermudagrass have been selected to perform such an experiment (Fig 3). All
experiments were carried out with 3 replications. The isotope-labeled experiment revealed that,
between the cold-tolerant and cold-susceptible bermudagrass plants, there were no or minimal
differences in AOPP herbicide absorption (Fig 4) and translocation (Fig 5). These results
collectively suggest other mechanisms, such as metabolism, especially in the fatty acid
biosynthesis pathway, might contribute to the observed differential responses, and possibly
explains the observed correlation between bermudagrass plant’s responses to cold and AOPP
herbicide. Currently, lipid fatty acid profiling is ongoing, which could potentially shed light as to
the possible mechanism.

The future plan for this study in 2016 is therefore, to conduct a field experiment
regarding the segregation progenies, and continue the lipid fatty acid profiling experiments to
search for a possible mechanism.

Summary:
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» A segregation population, based on the cold tolerance, has been screened and shown
anticipated responses to AOPP herbicide;

» An isotope-labeled experiment has ruled out the possibility that differential responses
were due to herbicide absorption and/or transportation;

» Future experiments are ongoing to decipher the underlying mechanism, possibly related
to lipid fatty acid biosynthesis.

Fig 1. Bermudagrass responses to AOPP herbicide Acclaim Extra® (a.i. fenoxaprop-ethyl), at 0,
11, 18, and 25 days after treatment application. The top four pictures are entry A12395, a cold-

sensitive collection, and the bottom four pictures are entry A12396, a cold-tolerant selection. In
each picture, the top four pots were plants that received herbicide application, and the pot at the
bottom serves as a control without herbicide application.

Effect of Acclaim on A12395 (Seed parent)
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Fig 2. Representative images of progeny plants in response to Acclaim Extra® ((a.i. fenoxaprop-
ethyl) application at 1 week after treatment.

Grasses resistance to Acclaim Grasses susceptible to Acclaim

Fig 3. Bermudagrass plants prior to application of cold AOPP herbicide. Note the designated leaf
that will be treated with isotope-labeled AOPP herbicide was carefully covered.

p EE T Bef o : j
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Fig 4. Isotope-labeled herbicide expressed as percent of applied (%) in leaf wash (LW), total
absorbed and recovered from ‘Celebration’ and ‘Riviera’ bermudagrass (C. dactylon). Bars

labeled with the same letter were not significantly different based on Fisher’s Protected LSD at
P<0.05.

m Celebration = Riviera
70

60

Absorption Recovery

% applied
N w B
o o o

[N
o

Fig 5. Isotope-labeled herbicide expressed as percent of applied (%) in treated leaf (TL), shoot
above the treated leaf (SATL), shoot below the treated leaf (SBTL), rhizome and roots from

‘Celebration’ and ‘Riviera’ bermudagrass (C. dactylon). Bars labeled with the same letter were
not significantly different based on Fisher’s Protected LSD at P<0.05.
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Year 4 Report
Cooperative Effort to Develop Fine-Textured and Cold Hardy Zoysiagrass
Cultivars with Large Patch Tolerance for the Transition Zone — Texas A&M
AgriLife-Research - Dallas Report

A. Dennis Genovesi and Ambika Chandra
Texas A&M AgriLife Research - Dallas

Objectives: The development of fine textured, cold hardy and large patch
tolerant cultivars of zoysiagrass for the transition zone

Background: This project is an ongoing collaboration between Texas A&M AgriLife, Kansas
State University (Jack Fry and Megan Kennelly) and Purdue University (Aaron Patton) funded by
the USGA since 2012. As part of this project the A&M breeding team developed approximately
2,800 new hybrids in 2011/2012 by crossing selected parental lines exhibiting traits of interest.
These hybrids were tested at three locations (Dallas, TX; Manhattan, KS and West Lafayette, IN)
from 2012 to 2014 (2 yr. of winter recovery data). Based on the cold hardiness, texture ratings in
comparison to ‘Meyer’ primarily, and initial testing for large patch tolerance at Dallas, we have
selected the top 2% (60 hybrids) for advancement and further testing in the 2015 Zoysiagrass
Cooperative Test currently underway at ten locations.

Start Date: January 2012
Project Duration: 6 years
Total Funding: $144,140

Summary Text —

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

Researchers at Texas AgriLife Research-Dallas and Kansas State University have worked
together since 2004 to develop and evaluate zoysiagrasses with better turf quality than Meyer that
are adapted to the transition zone. From this work, a number of advanced lines derived from
paired crosses between Z. matrella and Z. japonica, have been identified with a level of hardiness
equivalent to Meyer and ‘Chisholm’ (Okeyo et al., 2011), but with finer texture and better density
than Meyer (e.g. — KSUZ 1201 entered in the 2013 NTEP; KSUZ 0802 recently released by
Texas A&M AgriLife and KSU).

Large patch disease, caused by Rhizoctonia solani (AG 2-2 LP), continues to be the #1
pest problem on Meyer zoysiagrass fairways and tees in the transition zone (Kennelly et al,
2009). Most golf course superintendents treat with two applications of fungicide annually to limit
damage from large patch. The best fungicides for suppressing this disease cost ~$350/acre. A
course with 30 acres would then need to budget $21,000 annually to treat this disease alone.
Incorporating large patch tolerance (LPT), along with cold hardiness and improved turf quality
into new transition zone zoysiagrasses would reduce fungicide requirements and maintenance
costs with the added bonus of increased sustainability.

We at Texas A&M AgriLife Research - Dallas have partnered with Drs. Jack Fry, Megan
Kennelly from KSU, and Aaron Patton from Purdue University. These scientists have extensive
experience with the test and evaluation of turfgrasses adapted to the transition zone for cold
hardiness and disease susceptibility.
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Phase 111 Testing (2015 to 2018): PI’s at Purdue and KSU shipped their 20 selections to
the Dallas Center in late August and early September of 2014 for propagation. Along with the 20
lines selected at Dallas, there were a total of 60 experimental entries. Plant materials were
propagated to produce ten 18 cell trays for each line or 600 trays total for all entries across all
locations. In 2015 replicated field trials were planted with the 60 advanced lines plus 5
standards/parental lines at seven diverse locations in the transition zone in addition to Manhattan,
KS, West Lafayette, IN and Dallas, TX (Figure 1), making for a total of 10 test site locations
(Table 1). The replicated field trial will span a three year period (2015 to 2018). There will be 65
x 3 reps = 195 plots (approx. 5’ x 5° per plot) at each location. In addition advanced materials will
be evaluated in disease nurseries at KSU, U. Arkansas and Purdue by inoculating with
Rhizoctonia solani (AG 2-2 LP) isolates reared in the lab. Other testing will include using
standard laboratory bioassays that will allow for measured comparative levels of LPT (KSU) and
cold tolerance (KSU and Purdue) under controlled conditions.

Summary Points

e Phaseland Il (2012 - 2014): Pairwise crosses were made between large patch
tolerant germplasm and cold hardy zoysiagrasses adapted to the transition zone with
the production of 2,858 progeny. Phase Il: Spaced plant nurseries were planted late
in 2012 and 2013 at three locations with a two year total of: 967 progeny at
Manhattan, KS, 971 progeny at West Lafayette, IN, and 920 progeny at Dallas, TX in
2012. The nurseries were allowed to grow-in during 2013 and 2014. Selection of the
top 20 lines from each location was made late in the growing season in 2014.
Advanced lines were shipped to Dallas, TX for propagation.

e Phase Il (2015 - 2018): Experimental lines and checks were propagated and plant
materials distributed to 10 test locations. Plant materials were planted in replicated
field trials (3 reps) with 5° x 5 plots. Data will be collected for a 3 year period (2015
to 2018). Cold hardiness, large patch tolerance and turf quality will be traits most
critically scrutinized and prized.

Table 1. 2015 Zoysiagrass Cooperative Trial locations and cooperators.

Figure 1. Cold Hardy / Large Patch Tolerant Replicated Field Trial planted on 07/30/15
in Dallas, TX. Picture taken on 11/4/15.
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Table 1. 2015 Zoysiagrass Cooperative Trial locations and cooperators.

10 Test Locations Cooperator Affiliation
Blacksburg, VA Erik Ervin Virginia Tech.
Chicago, IL Ed Nangle Chicago District Golf
Association
Columbia, MO Xi Xiong U. Missouri
Dallas, TX Dennis Genovesi -
and Ambika Texas A&M AgrilLife
Research
Chandra

Fayetteville, AR

Mike Richardson

U. Arkansas

Knoxville, TN John Sorochan U. Tennessee

Manhattan, KS Jack Fry and Kansas State
Megan Kennelly

Raleigh, NC Grady Miller NC State

Stillwater, OK Justin Moss OK State

West Lafayette, IN | Aaron Patton Purdue

Ancillary

Locations for

Large Patch

Fayetteville, AR Mike Richardson | U. Arkansas

Manhattan, KS Megan Kennelly | Kansas State

West Lafayette, IN | Aaron Patton Purdue
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Figure 1. Cold Hardy / Large Patch Tolerant Replicated Field Trial planted on 07/30/15 in Dallas, TX.
Picture taken on 11/04/15.
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Development of Seeded Zoysiagrass Cultivars with Improved Turf Quality and
High Seed Yields

A. Dennis Genovesi and Ambika Chandra
Texas A & M AgrilLife Research - Dallas

Objectives:

1. Development of finer-textured germplasm/cultivar(s) of zoysiagrass with high seed yields
that offer an economical alternative to fine textured 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.

Start Date: 2014 (continued from 2010)
Project Duration: 3 years
Total Funding: $ 89,317

Summary Text —

Zoysiagrass (Zoysia spp.) is a warm season, perennial grass used on sports fields and
home lawns that is increasing in popularity due the need for low inputs such as fertilizer, water
and less frequent mowing. Most cultivars are vegetatively propagated by sprigging or solid
sodding. Except for expensive solid sodding, other methods such as sprigging require a minimum
of two years to establish and provide 90% cover (Patton et al, 2006). An alternative, relatively
inexpensive, way is to propagate zoysiagrass is by seed. The cost for establishing one acre of
fairway with a vegetative type zoysiagrass using sprigs is $3,000, strip sodding is $5,000 and
solid sodding is $16,000 while the cost of establishment using seed is around $900 (Patton et al,
2006). Unfortunately the number of seeded varieties is limited with ‘Zenith’ being the most
popular. This research projected is focused on the development of new and improved cultivars.

Optimizing seed yield and ease of harvest are important value added traits needed in the
development of new seeded type zoysias. Diesburg (2000) reports that seed yields with
zoysiagrass have been limited ranging from 100 to 600 pounds per acre as compared to yields for
cool season grasses ranging from 700 to 1,600 pounds per acre. Stacking genes that maximize
seed yield in the species while maintaining good turf quality is our target and is of utmost
importance to the commercial success of newly released varieties. Our goal is to develop a multi-
clone synthetic variety which exhibits a texture that is finer than Zenith and seed yields that meet
the production goals needed to make it profitable to produce. One of our breeding objectives is to
minimize inbreeding depression by selecting parental clones with a broad genetic base (different
pedigrees) but with approximately the same flowering time in order to enable cross pollination
and to create commercially viable synthetic populations.

Since the initiation of the project in 2010, our breeding strategy has been the utilization of
the classical plant breeding method known as phenotypic recurrent selection. Recurrent selection
is a strategy that has proven to be useful with corn breeding at lowa State in the development of
the Stiff Stalk Synthetic (Lamkey, 1992). The method focuses on population improvement by
increasing the frequency of quantitative genes that influence seed yield in the breeding
populations. The approach involves alternating between Spaced Plant Nurseries (SPN) and
isolation crossing blocks. Selections are made from spaced plant nurseries for individuals with
improved seed yield combined with fine leaf texture. Selected lines are entered into isolation
crossing blocks for further recombination. This strategy should allow for the gradual increase
over multiple generations of desirable alleles in the population.

In 2015 we began our third cycle of recurrent selection. Four isolation blocks were
planted in 2013 and grouped based on seed head color and flowering date with (1) nine of the 32
classified as red seedhead /early flowering , (2) seven as red seedhead / late flowering, (3) nine
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green seed heads / early flowering and (4) seven lines with green seed heads / late flowering.
Seed from these blocks were collected in mid-summer of 2014, cleaned during the winter and
processed in early spring of 2015. Seed was scarified with 30% NaOH for 35 min. (Yeam, et. al.
1985). Scarified seed was germinated in potting mix in small rectangular pots first under mist
then at ambient air. Once germinated, individual seedlings were moved to 50 cell trays where
families of 60 were allowed to grow in. The 50 strongest seedlings from each family were
planted in the field 7/23/15 to establish a Spaced Plant Nursery of 1,750 progeny with Zenith and
Compadre as checks (Figure 1).

In addition, seed that had been harvested from three synthetics in the summer of 2014 (1)
early flowering / red seed head, (2) late flowering / red head and (3) late flowering / green seed
head were cleaned and scarified as before. The early flowering/red seedhead synthetic was not
very productive and produced only 17.5g /54 sq. ft. The yield from the late flowering / red seed
head synthetic (DALZ 1512) was much better and yielded 171g /54 sg. ft. (estimated 303.4
Ibs./acre). The late flowering / green seed head synthetic (DALZ 1513) yielded 163 g /54 sq. ft.
(estimated 289.3 Ibs./acre). Seed from these three synthetics were used to plant a replicated field

| trial (RFT) 7/14/15 at the Research Center — Dallas at a rate of 2 Ibs./1000 sq. ft. (Figure 2). In
addition a second RFT was planted by Johnston Seeds 6/10/15 in Enid, OK. Seed from DALZ
1512 and DALZ 1513 were also transferred to Patten Seeds for evaluation.

Summary Points

1. The third cycle of recurrent selection was begun with the germination of seed harvested in
2014 from 4 isolation blocks planted in 2013. A spaced plant nursery consisting of 1,750
progeny were planted on 7/23/15. Advanced lines with finer leaf texture combined with high
seed head density and good height of seed head exertion will be identified in the spring of
2017.

2. Along side the recurrent selection breeding strategy, three sets of 3 parent synthetics were
identified for evaluation of a potential commercial product. Seed harvested in 2014 was
treated and planted in replicated field trials on 7/14/15.
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Figure 1. Third cycle of recurrent selection spaced plant nursery planted 7/23/15 with
1,750 progeny.

Figure 2. Plot coverage 112 days after sowing/planting. A. DALZ 1512, B. DALZ 1513,
C. Zenith seeded check and D. Zorro vegetative check.
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Figure 1. hird cycle of recurrent selectin. saced plant
nursery planted on 7/23/15 with 1,750 progeny.

Figure 2. Plot coverage 112 days after sowing/planting. A. DALZ
1512, B. DALZ 1513, C. Zenith seeded check and D. Zorro
vegetative check.
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Project Title: Utilizing Molecular Technologies to Develop Zoysiagrass Cultivars with Improved Cold Tolerance
USGA ID#: 2015-03-518
Investigators: S.R. Milla-Lewis, Aaron Patton, and Brian Schwartz

Objectives: The overall objective of this project is to improve the efficiency of selecting for cold tolerance in
zoysiagrass breeding by identifying genomic regions controlling this trait and associated molecular markers that
can be used for selection. Phase | (year 1) of the project focused on evaluation of a mapping population for field
winter survival at Laurel Springs, NC, and West Lafayette, IN. The second objective of Phase | is to genotype the
population with DNA markers in order to generate a map of the zoysiagrass genome.

Progress Update and Results: A mapping population of 175 individuals derived from the cross of cold-
tolerant ‘Meyer’ and cold-susceptible ‘Victoria’ has been developed. In June 2014, three replications of each single
individual and nine controls including the two parents were planted in a randomized complete block design (RCBD)
in 3 x 3 ft plots at the Upper Mountain Research Station in Laurel Springs, NC, and the William H. Daniel Turfgrass
Research and Diagnostic Center in West Lafayette, IN. Additionally, the population was planted at the University of
Georgia Coastal Experiment Station in Tifton, GA for quality evaluations. Digital imaging was used to evaluate
establishment and winter injury (Figure 1). The progenies exhibited great variability for color, texture, and
aggressiveness (Figure 2). Winter injury and survival was analyzed for winter 2014-2015. Under the more severe
winters of West Lafayette, IN, the population had a 21% survival rate (Figure 3). At Laurel Springs, NC, greater
variation was observed in response to winter injury, with 59% survival. Thirty-three genotypes including Meyer
and Zenith suffered no winter injury in Laurel Springs (Table 1) while seven including Meyer, Zenith, and Chinese
Common suffered no winter injury in West Layafette. No significant winter injury was observed in Tifton, GA. A
wide range of trait expression within a population is integral to the identification of DNA markers, so the variability
in winter survival seen in these progenies is promising for the identification of markers associated with cold
tolerance in zoysiagrass. Marker data is being collected on the population and used to generate a linkage map of
the zoysiagrass genome. Two hundred simple sequence repeat (SSR) primers have been screened across the
parents, Meyer and Victoria. Of those, 125 were found to be polymorphic and are being amplified across the
progeny (Figure 4). Additionally, library construction for the genotype by sequencing (GBS) protocol has been
initiated in order to generate single nucleotide polymorphism (SNP) markers to increase map density.

Progress update and results:

e A mapping population of 175 individuals has been developed crossing cold-tolerant cultivar ‘Meyer’ and
cold susceptible cultivar ‘Victoria’.

e The mapping population was established in June 2014 in Laurel Springs, NC, West Lafayette, IN and Tifton,
GAin 3'x3’ plots in three replications in randomized complete block design (RCBD). Additionally, the
population was replanted at these three locations in June 2015 for secondary evaluations during the
2015-2016 winter season.

e The mapping population was evaluated for winter injury and survival using digital image analysis in 2015.
Survival rate of the population was 21% at West Lafayette, IN and 59% at Laurel Springs, NC. A total of
33 lines suffered no winter injury in Laurel Springs, NC. Seven lines suffered no winter injury in
West Lafayette, IN. Only three genotypes, including Meyer, had no winter injury at both
locations.

e Out of 200 markers screened, 125 have been found to be polymorphic between the parents and are being
amplified in the progeny in order to generate a linkage map.
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Table 1: Zoysiagrass lines that suffered no winter injury during the winter of 2014-2015 at the Upper
Mountain Research Station (Laurel Springs, NC) and the William H. Daniel Turfgrass Research and
Diagnostic Center (West Lafayette, IN). Lines that suffered no injury at either location are highlighted in

red.

Laurel Springs, NC West Lafayette, IN
11-TZ-4720 11-TZ-4753 11-TZ-4784 11-TZ-4826 11-TZ-4884 11-TZ-4720
11-TZ-4724 11-TZ-4757 11-TZ-4789 11-TZ-4836 11-TZ-4877 11-TZ-4755
11-T2-4726  11-TZ-4758 11-TZ-4794 11-TZ-4837 11-TZ-4890 11-TZ-4778
11-1T2-4727 11-TZ-4768 11-TZ-4799 11-TZ-4840 Meyer 11-TZ-4842
11-12-4738 11-TZ-4779 11-TZ-4800 11-TZ-4843 Zenith 11-TZ2-4877
11-1T2-4740 11-TZ-4781 11-TZ-4815 11-TZ-4851 Meyer
11-Tz2-4745 11-TZ-4782 11-TZ-4819 11-TZ-4854 Chinese common

Figure 2: The mapping population showed variation in color, texture, turf quality, aggressiveness, and
winter injury in the winter of 2014-2015.

Winterkill 2014
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Figure 3: Distribution of winterkill for 175 progeny, Meyer, and Victoria at Laurel Springs, NC and West
Lafayette, IN in 2014. Winterkill is a measure of winter injury on a scale of 1 (completely dead) to 9 (no
winterkill). Bars in grey and green indicate where Victoria and Meyer, respectively, fell.
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Figure 4: Polyacrylamide gel showing amplified products generated with SSR primer b02d15 across the
Meyer x Victoria mapping population.
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Buffalograss Breeding and Genetics
Keenan Amundsen

USGA ID#: 2003-36-278

1. Late spring applications of propiconazole effectively control false smut in seed production fields
2. ldentified false smut and buffalograss decline resistant germplasm
3. Aerial robotics can quickly and easily document timing of winter dormancy

Buffalograss is often regarded as a model low-input turfgrass species, requiring less management inputs
to maintain an acceptable quality level compared to most other commonly used turf species. Pesticide
applications are not typically recommended for buffalograss unless stand loss is imminent, thus host
resistance to pests is a primary objective of the buffalograss breeding program.

Buffalograss false smut, caused by Porocercospora seminalis, is primarily a cosmetic disease in managed
turf but negatively impacts seed quality and production. The pathogen grows in place of a developing
caryopsis reducing the number of viable caryopses per bur. Following greenhouse screens, and two
years of field studies, the female experimental lines NE-BFG-11-3625, NE-BFG-5-3010, NE-BFG-7-3453-
35, NE-BFG-7-3462-69 and NE-BFG-7-3464-5 were identified as having exceptional false smut resistance.
Management studies were also conducted to evaluate application timing of three different fungicides
for false smut control. Propiconazole (Banner Maxx), boscalid (Emerald), and pyraclostrobin (Insignia)
were applied at high label rates in the first and third weeks of either May or June. At the end of the
growing season, seed was harvested and 125 seeds were randomly selected and separated based on
occurrence of disease. Banner Maxx applied in June provided 100% control of the disease giving needed
tools for controlling buffalograss false smut in seed production fields (Figure 1).

Buffalograss decline has also been observed sporadically in managed buffalograss turf. Buffalograss
affected by buffalograss decline do not break winter dormancy in the spring. Presumably these plants
are compromised before the onset of winter dormancy and succumb to winter injury. Damage is similar
to patch diseases in other species, but the causal pathogen has yet to be identified. In 2014, an older
germplasm nursery exhibiting significant buffalograss decline symptoms was rated for visual quality.
Variability for resistance to buffalograss decline was documented (Figure 2). The resistant line NE-BFG-
2974 was identified suggesting host resistance is present in the germplasm collection (Figure 3). During
the summer of 2015, a more exhaustive evaluation was performed and NE-BFG-03-098 was highly
resistant to buffalograss decline and an additional 21 accessions were moderately resistant. In the
absence of knowing the cause of buffalograss decline, host resistance will provide a means for mitigating
the disease impact in future cultivars. Crossing blocks were established in 2015 to increase false smut,
leaf spot, and buffalograss decline resistance in breeding stocks.

In addition to pest resistance, the buffalograss breeding program is focused on improving visual and
functional quality, seed yield, canopy density, sod strength, and length of growing season. As an
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example, aerial robotics were used to document timing of spring green up and onset of winter
dormancy in the fall (Figure 4). Data is being compared to visual quality ratings and weather data to
develop a model predicting timing of dormancy which will then be used to quantify variation in growing
season length. Selections were also made from approximately 6,000 segregating progeny for
establishment rate, gender expression, stolon internode length, and canopy density. Together these
data along with information on host resistance are expanding our knowledge and germplasm collections
of buffalograss, providing valuable resources for cultivar development and improved management
practices.
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Figure 1. Number of false smut infected burs per 125 seed sample following fungicide applications.
Error bars represent standard deviation among three replications.
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Figure 3. Mean visual quality ratings for host resistance to buffalograss decline.
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Figure 4. Variability of spring green up of experimental buffalograss accessions.
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Project Title: Genetic Improvement of Prairie Junegrass
Project leader: Eric Watkins

Affiliation: University of Minnesota

Objective:

1. Determine the genetic potential of native prairie junegrass germplasm for use as low-
input turfgrass.

Start Date: 2007
Duration: nine years
Total Funding: $90,000

Prairie junegrass (Koeleria macrantha) has shown the potential to be successfully used as
a turfgrass in lower-input environments. The species is widely distributed throughout
much of the western United States and can also be found throughout much of Europe and
Asia. The species has several attributes that would make it a useful low-input turfgrass
including drought tolerance, survival of low and high temperature extremes, and reduced
vertical growth rate. We have evaluated material from our collection and material from
the USDA National Plant Germplasm Resources Network (NPGS) and used those
evaluations to assemble breeding nurseries.

Currently, there are a small number of cultivars that have been developed from
germplasm collected in western and northern Europe; however, these cultivars are
difficult to obtain and the seed quality is often not adequate. Germplasm from North
America has greater seed production potential and resistance to important diseases, but
does not possess acceptable turf quality. Most of this turf quality decline is due to
shredded leaves from mowing and an early onset of summer dormancy during stress
periods. Poor mowing quality is a challenging problem in this species, and one approach
to improvement in this area may come from studying silica bodies.

Grasses have specialized silica cells that produce bodies that are distinguishable as silica
bodies. Silica bodies can have many important physiological roles in plants such as
decreased herbivory and stress tolerances such as decreased fungal colonization and
salinity tolerance. These bodies could also be responsible for some of the differences we
have observed in mowing quality between North American and European genotypes (Fig.
1). We have developed a method that combines dry-ashing, fluorescence microscopy and
image processing for the high throughput quantification of silica bodies in Koeleria
macrantha leaf tissues.

We examined 14 accessions and cultivars of prairie junegrass and found significant
differences between accessions (Fig 2). We observed some accessions that have a
significant difference in spatial silica body deposition as well as silica body number and
the leaf area occupied by the silica bodies. These differences may be resulting in turf
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performance differences, but we have not yet conducted the experiments necessary to
confirm this. Our method should be useful for quantification in other grass species as
well as we have observed this technique useful in over 20 different species ranging from
sedges and cereal grasses to cool-season and warm-season turfgrasses (Fig. 3). This
method could be useful for plant breeders selecting grasses with better mowing quality
and increased stress tolerance.

Summary Points:

« We have developed a new method for dry ashing and high-throughput image
processing of silica bodies in turfgrasses

« We found significant differences in silica body number between accessions of prairie
junegrass as well as significant differences in spatial deposition and the leaf blade
area occupied by silica bodies

« Preliminary results suggest that higher silica body count is correlated with decreased
mowing quality.

« Silica body imaging may lead to rapid screening of native grasses that can perform
well under mowing.

Figure captions:

Figure 1. This image shows the silica body arrangement in leaves from Koeleria
macrantha genotypes originating from Minnesota (bottom images) and Ireland (top
images). The accession from Ireland has very good turf quality under low-input turfgrass
management.

Figure 2. We found significant differences between prairie junegrass accessions and
cultivars (Barkoel and Barleria) for mean number of silica bodies.

Figure 3. Images of silica bodies from other grass species. From left to right: teff

(Eragrostis tef), Chewings fescue, blue hard fescue, perennial ryegrass, sheep fescue, and
tall fescue.
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Figure 1. This image shows the silica body arrangement in leaves
from Koeleria macrantha genotypes originating from Minnesota
(bottom images) and Ireland (top images). The accession from
Ireland has very good turf quality under low-input turfgrass
management.

Flgure 2. We found S|gn|f|cant differences between prairie junegrass accessions and
cultivars (Barkoel and Barleria) for mean number of silica bodies.

Mean

Figure 3. Images of silica bodies from other grass species. From left to right: teff
(Eragrostis tef), Chewings fescue, blue hard fescue, perennial ryegrass, sheep fescue,
and tall fescue.

Page 60 of 255



USGA Green Section 2015 Annual Reports
APPENDIX C

Arizona Department of Agriculture
Specialty Crop Block Grant Program (SCBGP)
FFY 2015 Quarterly Report, Current to Sept 2015 :(Q1,Q2, Q3and Q4 current).
Grant Award Agreement #SCBGP-FB14-13

Project Title

Low Maintenance Grasses for Reduced Irrigation. D.M. Kopec et.al. University of Arizona.

Activities Performed

L1 Briefly describe the work accomplished during the reporting period. What specific tasks from the
Work Plan of the approved project proposal were accomplished? Whenever possible, describe the
work accomplished in both quantitative and qualitative terms, including any significant results,
accomplishments, conclusions and recommendations resulting from the work completed during the
reporting period. Be sure to include any favorable or unusual developments.

L] Clearly describe the progress made towards achieving the Expected Measurable Outcomes identified
in the approved project proposal. Include any baseline data developed through the project and any
results from the implementation of the project’s performance measures. Provide any survey results or
research data developed during the period.

L1 If the project has the potential to benefit non-specialty crop commodities, describe the activities that
were conducted to ensure that grant funds were used to solely enhance the competitiveness of
specialty crops.

L1 If a target of a project has already been achieved, project staff is encouraged to amend the outcome
measure in the performance report. This permits the project staff to “stretch” the goals in order to go
beyond what they are already doing.

a. First Quarter (Oct. 2014 — Dec. 2014) Activities:

Work Plan: Spring Year 1: Establish all grass species in linear irrigation gradient. Field preparation,

establishment, and irrigation line source maintenance

In an effort to enhance the grass species early for enhanced root growth, the seven grass entries were
initially planted in the last week of Sept of 2014. The field was previously sprayed with glyphosate to
remove any existing vegetation, followed by light rototilling for seed bed preparation. All plots were
marked with survey whiskers for permanent maintenance and identification. For each of the seven
grass entries, seed was mixed in a small cement mixture with topdressing sand. Sand was then
transferred to a drop spreader. From there the drop spreader applied the sand/seed mixture across the
plots. There fixed volume of sand allowed for 5 full passes across the length of the plot. Immediately

1
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after that, each single plot was then lightly raked with an inverted bow rake, and then rolled with an
875 Ib. 36 inch diameter Brouer roller.

Irrigation was applied for germination and emergence, using all perimeter heads and select gradient
heads only, to provide uniform irrigation using a standard square-spacing design. The test was
irrigated with 4 to 5 short irrigation cycles per day, with manual starts based on field surface moisture
observations.

Grasses began to emerge within 7 to 8 days. The three Cynodon entries emerged first, along with
Galleta grass. Grasses progressed for emergence. Two days of consecutive rain then occurred on
October 8" and 9", 2014.

b. Second Quarter (Jan. 2015 — Mar. 2015) Activities:

Grasses emerged at different rates, and at different amounts. Surprisingly, young
seedlings that survived the flooded condition in October 2014 increased in leaf width,
tiller capacity, stolon capacity (where applicable) with the early return of warmer
(somewhat spring like) daytime temperatures which began in late February and early
March. Winter weeds were either removed physically or with a herbicide on 3
occasions this quarter, while the warm season grasses were winter dormant.

Data collected for percent ground cover showed that among the seven warm season
grasses included, mean plot cover ranged from roughly 5% (Wrangler bermudagrass, to
70 percent for Jackpot bermudagrass. The other native grasses did not survive the
previous flood in October.

A surprise here is that one of the bermudagrass entries (Wrangler) had very little ground
cover (5%), while the other two bermudagrasses (Jackpot and Cheyenne had 65-70%
ground cover. This will be investigated by conducting a lab germination to check on
seed viability before this entry is reseeded. Also a positive surprise was that the Bison
buffalograss had more grass cover than expected (from both seedling flood survival and
late winter stolon growth). Viva galleta grass averaged 30 percent cover, and will be
interseeded again, as will Sand dropseed (sporobolis), which has 10-15% cover.

The figure below shows the current main plot grass coverage as of the end of March
2015.

Percent plot cover - - March 2015. Planted Sept,
2014. Low water use grass study.
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Grasses will be inter-seeded accordingly to increase density as soon as the night
temperatures allow for a stable increase in soil temperatures (required for germination).
This spring, soil will be prepped (prior to re-seeding) based on amount of existing
vegetation and surface soil condition. These include the options of vertical mowing the
soil surface, hydro-seeding, or slit seeding.

c. Third Quarter (Apr. 2015- June 2015) Activities:

By mid-spring of 2015, grass entries had increased in ground cover, as three of the
following entries had 90% or more cover within 4 weeks after green up. These three
entries which would NOT need to be reseed included “Jackpot , “Cheyenne 11"’ and
Bison buffalograss. “Wrangler” had 25-30% cover and was thus reseeded. The
reaming three entries of Sand drop seed, Viva galletagrass and purple 3 awn all had less
than satisfactory cover and also required reseeding as well.

The figure below represents the percent ground cover of 7 low maintenance grasses at
the third week of July, 2015, 30 days after hydroseeding ‘Viva Galletagrass’, ‘Wrangler
bermudagrass’, ‘Sand dropseed’, and ‘Purple 3 awn’.

Percent plot cover - (30 days post reseed)
Late June 2015. Low water use grass study.
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All plots were mowed to 3 inches (7.6cm) during the second and third quarter to
promote uniform coverage. Feral plants of bermudagrass were removed on several
occasions by direct spay applications of glyphosate.
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On June 4™, the four entries which had 50% or less ground cover were hydro-seeded at
no charge by Desert Seeders Inc, with direct assistance from the P.l. The irrigation
system was set for emergence of these grasses. Each day, plots were also hand watered
as needed by observation to assure a wet surface moisture condition for the new seeds.
The trial was under constant daily attention from June 4™ afterwards, for daily
irrigation needs. On June 15, it was noticed that the emerged seedlings of purple3 awn
quickly to 2 inches, and then stopped. This was followed by die back from the leaf tips.
Immediately plants were sampled for any seedling diseases, which proved not to be
present. Immediately after that event, soil samples were taken for analysis. Samples
were taken at the topl inch (were the seedling crowns and initial roots are located) and
for the entire 6 inch root zone. Soils test showed extremely high salts at the top inch
level (2500 ppm TDS) along with a high sodium soil content (ESP of 23%). The salinity
level proved too high for seedling germination and emergence for the newly hydro-
sprigged entries.

The entire root zone profile (0-6 inches) of the plots which failed, is suitable for
seedling emergence ( 500 ppm TDS) and a low sodium soil content (ESP = 6%). Since
soil penetration at depth was easily accomplished across all plots, under irrigation was
not the cause of salt build up at the soil surface. Instead, cumulative surface evaporation
is most likely the cause of salt (and sodium) accumulation at the soil surface.

At this time, two action items are planned to establish 7 grasses in the trial.

First and foremost, the soil will be tilled to a depth of 8 inches to dilute the soil and
sodium salinity levels that reside in the top inch. Flowers of sulfur will be added to that
entire profile to reduce the overall soil ESP down to “0’, to eliminate any sodium
hazard.

Secondly, four low maintenance grasses will be seeded (matching the two species which
did not have problems at the initial fall seeding or the later spring hydro-seeding.

These include low maintenance Cynodon cultivars and the low maintenance
Buffalograsses.

Viva Galletagrass (which had the most cover of the grasses that needed to be reseed)
may also be included, which is under deliberation.

d. Fourth Quarter (July 2015 — Sept. 2015) Activities:

The fourth quarter included renovation/replacement of the treatment entries which did not re-establish well
due to the salinity and sodicty as noted in Q3 above. These entries were replaced/renovated in all 4 of the
field replicates. Viva Galleta and sand dropseed were removed with a herbicide in early July since these
entries also did not tolerate the mechanics of mowing traffic. Purple three- awn was also removed due to
uneven stand density across the plots. On all plots of these 3 entries, gypsum was applied on the renovated
surface at the rate of 50 Ibs. per 250 feet. Plots were then irrigated by hand twice daily to dissolve the
gypsum. The entry replacements were then re-seeded were as follows; Sand dropseed was replaced by
“TopGun” Buffalograss, Viva Galleta was replaced with “SunDancer” buffalograss, and purple three- awn
was replaced with “Nu-Mex Sahara,” a large rhizome producing turf-type bermudagrass. Thus the test
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entries therefore stand as four (4) commercially available bermudagrass cultivars, and three (3)
commercially available buffalograsses.

Al seeding was done on August 3", 2015. Soil crusting occurred on the new buffalograss plots (which had
slower emergence than Nu-Mex bermudagrass). On August 15", these plots were soil drilled to depth of
16 inches with a 3/4inch masonry bit on a six in spacing to assist surface drainage which was related to
surface crusting.

On August 19" the thin areas within the recently planted buffalograss entries were reseeded by hand, and
then top-dressed with ¥4 inch of washed sand. Plots were irrigated by standard irrigation (heads) and by
hand throughout the day when required. Only one field replicate of the Nu-Mex Sahara required partial re-
seeding.

As some initial establishment differences were observable both within plots and between entries among the
new buffalograss entries, surface salinity measurements were taken every 10 feet within the plots of
SunDancer and TopGun. Salinity levels were determined using a 1:1 dilution of soil/distilled water, which
were then correlated to percent grass cover. While the correlations are only moderate, TopGun
bufflograss is slightly more salt tolerant than SunDancer in initial establishment as far as seedling salinity
tolerance is concerned. SunDancer would provide 50% initial cover at 2100 ppm TDS, while TopGun
would provide 50% initial ground cover at 2700 ppm TDS.

y =-13.805x+ 2871.7
3500 . . 3500 R*=0.3512
3000 * 3000 L 2
27.637x+4010.4 200 .
2500 & y=- . X+ E "
\i . R?=0.4214 2000 ,—\‘.L%
1500 + +
2000 * v ‘ v
* 1000
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Surface salt ppm. vs % cover 'TopGun 0 20 40 60 80 100
500
Buttalograss Surface salt ppm vs. cover ' SunDancer'
0 : . . ‘ ‘ Buffalograss
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E. Fifth Quarter (Oct 2015 — Dec 2015) Activities:

After the replacement of ‘Viva’ Galletagrass, Purple 3 awn , and Sand drop (Sporobolus) seed
during the summer, soil samples taken warranted the applications of gypsum at that time to reduce soil
salinity and sodium levels (see 4th quarter report).

From June to December 2015 (5th quarter) the test received irrigation plus rainfall of 8.81 inches. To
investigate the levels after the rains during the 5th quarter, soil samples were taken on eight plots which
had the grass replaced (due too poor grass performance from high salinity and soil sodium (ESP) levels).
These eight plots received gypsum in mid- June 2015. For comparison, eight other plots which did not
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have high salinity or sodicity (and thus did not require re-establishment or gyspum) were also selected for
soil sampling in December 2015. Therefore,16 plots were sampled in December 2015.

Note (reported earlier) that salinity and sodicity were extreme at the soil surface, which diminished
emergence and seedling survival of some of the original native grass stand early on in June 2015. The high
levels of salt and soil sodium also resulted in slower emergence of the two buffalograss cultivars used for
replacement in late August 2015 (reported earlier). In the previously noted cases, salinity and ESP in the
surface soil (0-1 inch) was up to five times higher than that of the root zone profile at the same sampling
location.

In December 2015, Within each of the sixteen plots, soils were sampled at the soil surface (0-1”), and for
the root zone of 0-6 inches, each at distances of 20 and 40 feet from the Line source.

In “irrigation treatment mode”, the 40 foot distance would receive less water than the 20 foot distance.
With less water applied at 40 feet, one would expect higher salinity and perhaps higher ESP because less
leaching would occur with less than an optimal ET replacement, as opposed to the 20 foot distance, which
receives a higher applied irrigation rate.

Lab results show that in all cases (for both gypsum amended vs. non gypsum amended plots) the surface
salinity levels have decreased significantly compared to previous values. The salinity levels are now
extremely low (0.54 to 1.4 dS/m = 350 ppm to 900 ppm) and fully suitable for unrestricted growth for
both buffalograss and bermudagrass. (See Table 1 below).

Table 1. Soil Salinity (EC) and Exchangeable Sodium Percentage (ESP) of gypsum and non gypsum treated LIGA strip plots, December
Results show gyspsum treated plots now have similar soil salinity and ESP to plots which did not exhibit previous turf loss,
and thus, did not require gyspsum.

20 feet From Line Source 40 feet from Line source
PLOT Gypsum applied Soil Depth Soil Depth
(0-Linch) (0-6inch)[(0-1inch) (0-6inch) (0-Linch) (0-6inch)[(0-1inch) (0-6inch)
EC -salt ESP- sodium EC-salt ESP-sodium

3 YES 091 074 3.9 4 14 14 6.8] 83
4 no [ 06 059 5.1] 5.3 [ o8] 1.3] 5.3 9.3
5 YES [ o067l osg 2.6] 4] [ o34 1.2] 2.7] 5.9]
6 no [ os9] 05 4.7 4.7] [ o7 1] 4.5] 7.2]
8 YES [ o9 1.1] 4.7 6.6] [ o9 1.2] 2.7] 3.6]
10 no [ o6 0.6] 4.7] 5.5 [ 067 1.3] 4.3] 6.7]
11 YES [ o6 0.6] 2.4] 3.3 [ o7 osg 1. 5.1
12 no [ o9l o0ag 3.9 4.1] [ o6 073 3.8] 6.7]
15 no [ o6 057 4.2] 4.5] [ o] 0.6] 4.3 5|
16 YES [ 1] o9 4] 4.9| [ 15]  0.87] 6.6] 5.1
18 YES [ 1.2] 1] 3.4 4.7 [ 1 o9 3.8 5|
20 no [ osq 047 4.7] 4.8 [ o571 o064 5.3 6.7]
2 YES [ o9 1] 4.4 8.4] [ o96] 089 5.2 6.1]
24 YES [ 1.6] 1] 3.9] 5.9 [ o] o077 23] 4.7]
25 no [ osg] 057 4.9 5.6] [ os9] o] 4.8] 8.5]
27 no [ o6 o5y 5.2 5.6] [ 11 o073 4.6] 5.9]

! Soil salinity measured as dS/m, 1:1 soil/water, Motzz Laboratories. 1dS/m =640 ppm TDS.
2 Exchangeable sodium percentage (ESP). Percent of total soil cations which are sodium.

3 Gypsum applied 3000 Ibs. acre mid June 2015, to plots which had turf failure from high salinity and sodicity in spring 2015. .
Additional an equal number of plots soil tested (n=8) which did not exhibit turfgrass failure =no gypsum applied.

Rainfall ininches: June (0.32), July (0.69), Aug (2.17), Sept (2.48), Oct (2.30), Nov (0.28), Dec (0.57). Total 7 months = 8.81 inches.
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Likewise, salinity for the surface and root zone soil profile is also very low, (0.47 to 1.1 ds/m) (See Table 5
below).

Fig 5. Soil salinity (EC) at 20 &40 feet from Line Source,
with & without gyspum, (0-1") and (0-6") depths.
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Of the samples collected in the December soil harvest, 51 of the 64 (79%) of the samples had salinity
levels of less than 1.0 ds/m. Reclaimed waste water used for landscape and large turf areas from Tucson
Water (used at the test site as well) averages 1.32 to 1.5 ds/m (same as 830- 960 ppm) or more. The soil
salinity is now actually less than that of the reclaimed waste water, which demonstrates the benefits of
natural rainfall in leaching soil salts.

Thus, the current soil conditions show a successful reclamation of surface soil salinity and sodicity. The
applied gypsum has reduced the surface soil ESP to acceptable levels. Leaching has greatly reduced to
salinity from the surface as well. Salinity for the 0-6 inch root zone is now very low as well.

As reported previously, plots which failed after the early July 2015 hydro-seeding were found to have
surface salinity levels of 4.2 (moderate salinity), and extremely high ESP values of 25%. Comparing soil
samples taken at the end of August, to those collected in December 2015 showed a reduction in ESP
levels. For example, plot 22 (sand dropped seed, replaced with “Topgun’ Buffalograss) had an ESP of
26.7% in August, and an ESP of only 4.4% at the end of December 2015. Likewise, plot 16 (Viva Galleta,
replanted to ‘Sun Dancer’ buffalograss) went from an ESP of 18.3% to 6.6%. Plot 3 (Viva Galleta,
replanted to ‘Sun Dancer’) went from 15.4% to 6.8% ESP. The applied gypsum thus had sufficiently
dissolved and successfully exchanged the soil sodium adequately

For the final December soil responses, soil ESP averaged 5.3% without gypsum, and 4.8% when
gypsum was applied (when averaged across both soil sampling depths and location distance from the line
source) (See FIG. 6 below).
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Fig 6. Exchangeable sodium percentage (ESP) of soil at
20 & 40 feet from Line Source, with and without

gyspsum, (0-1") and (0-6") depths.
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Applied gypsum did not affect ESP levels at the 20 foot location for the overall root zone (0-6 inches), as
the ESP was 5.0% and 5.2% for the non- treated and gypsum treated plots, respectively. At the 40 foot
distance, the surface (0-1 inches) and root zone (0-6) soils had the same ESP values (4.4- 4.5%) whether
gypsum was applied or not. More importantly, the gypsum had reduced the ESP on the plots that failed
originally in the summer.

In review, all plots at all locations (distance from the source), at either soil depth, now have
extremely low salt levels, of 1.0 ds/m, or less. Gypsum plus leaching (which was greatly assisted by rainfall
of 8.81inches during the last seven months) has reclaimed the soil surface to manageable levels in terms of
salinity and soil sodium (in plots that formerly had grass failure). Now the species at hand (bermudagrass
and buffalograss) can be tested for response to differential amounts of applied water, avoiding the
immediate confounding effects of soil salinity and sodium affected soils.

Problems and Delays

[1 Describe any unexpected delays, impediments, and challenges that have been confronted in order to
complete the goals for the project such as changes or delays to the approved Work Plan activities and
Expected Measurable Outcomes. Explain why these changes took place.

[1 Describe the corrective actions that were taken in order to address these delays, impediments, and
challenges and to prevent their recurrence.

L1 If challenges occurred, review measurable outcomes to determine if targets are still realistic and
attainable. An objective that is too stringent should be scaled back and identified in the performance
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report. Keep in mind that targets may slip due to all kinds of factors, such as employee turn-over and
bad weather.

a. First Quarter (Oct. 2014 — Dec. 2014) Activities:

During the establishment phase, the two rain days of October 8" and 9" dropped 1.50 inches of rain.
Even with the irrigation system off; this rain “sat” on the plots for 3 days after October 9". After the
surface drained several days later, visual assessment of the plots showed that emerged seedlings had
become necrotic due to the standing water condition. The lack of oxygen for these young plants
(many with just the cotyledon showing) killed the plant. This occurred more soon the native species
of Buffalograss, Three-awn, Viva Galletagrass, and Sand Drop seed. The three Cynodon entries were
the least effected, which subsequently proved to have a high level of emergence by the end of October.

Starting in the spring of 2015, the 4 native grasses will be replanted in full. Based on weather and the
condition of the surviving bermudagrass, the native grasses may be irrigated by hand if necessary
(hose/quick coupler) to avoid potential overwatering of the Cynodon plots.

Based on the immediate above note, it is hoped that establishment will be satisfactory to begin in the
LIGA irrigation treatments by either early June (preferred) or late June (second choice), based on the
new establishment growth of the 4 native grasses.

b. Second Quarter (Jan. 2015 — Mar. 2015) Activities:

Based on the noted existing groundcover percentages, entries will be re-seeded or interseeded once
adequate soil temperatures are achieved. EXxisting seed inventory is adequate with the exception of
purple -3- awn, which will be re-acquired. A laboratory seed germination will be conducted for
Wrangler bermudagrass, which unexpectedly currently has a low groundcover status. Perhaps this
line of bermudagrass was effected more so by the flood the previous October, than that of the other
two bermudagrass entries.

c. Third Quarter (Apr. 2015- June 2015) Activities:

See Section above: ‘Activities performed, Third quarter’:

That section includes the description of the spring 2015 re-seeding of the four grass entries which
suffered stand loss from the flood of October 2014, followed by the subsequent loss of seedlings
after the June 4" 2015 reseeding. Loss in 2015 occurred from high salinity and high soil sodium
content present in the top 1 inch soil layer. That section includes a description of the two step
renovation process that will take place immediately this July to include soil amendments/deep soil
cultivation, and the establishment of 4 new grass entries.

d. Fourth Quarter (July 2015 — Sept. 2015) Activities:

See section above: “Activities performed, Fourth Quarter’:
That section describes the removal of grasses which either did not tolerate mechanical mowing,
had unsatisfactory plot uniformity in terms of plot cover from salinity/sodicity, or both. Plots
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have been treated with gypsum, leached, and replanted with one commercially available seeded
bermudagrass, and two commercially available seeded buffalograsses.

e. Fifth Quarter (Oct 2015 — Dec 2015) Activities.

The previous section above addressed the activities taken to secure a test site which now (1)
has 100% grass cover (2) is void of any confounding issues of soil salinity at both the surface
and root zone profile, and (3) is void of any dispersed/unstable soil conditions caused by a high
soil sodium content (high soil ESP). Both the physiological osmotic stress (salinity) and poor
physical soil conditions (from sodicity) are no longer a problem. Therefore, turf responses to
different irrigation levels will now be a plant based response. The methods and results
performed to achieve this are included in the previous section.

Future Project Plans

L1 Briefly describe the work to be accomplished in the next reporting period. What specific tasks from
the Work Plan of the approved project proposal will be accomplished? Make sure to include those
activities that will be required to track and collect the data necessary to report on the Expected
Measurable Outcomes from the approved project proposal.

L1 If the timeline of the approved project Work Plan has changed or is anticipated to change during the
next reporting period, please provide an updated timeline for the remainder of the project.

[1 Describe any additional changes that are anticipated in the project in the future.

e \When it is necessary to modify the Project Purpose, substantially change the Expected
Measurable Outcomes and/or the proposed Work Plan deliverables of an award, you must
submit a formal scope amendment request to the ADA. This must be submitted as a separate
document.

e When it is necessary to make cumulative budget changes of 20% or more of the project's total
budget, you must submit a formal budget change request to the ADA. This must be submitted as a
separate document.

a. First Quarter (Oct. 2014 — Dec. 2014) Activities:

Time line has not changed per contract, only the effort to establish the plots at the end of
the previous summer has resulted in partial success to date. Corrective actions within the
normal planned activity period are noted in previous section.

b. Second Quarter (Jan. 2015 — Mar. 2015) Activities:

As noted above, all entries will be reseeded or interseeded to establish at least 95% cover or
more.
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Once re-established and capable of being mowed, the linear irrigation plots (perpendicular
within and too the grass main plots) will be determined by measuring successive water delivery
patterns from when the main linear irrigation line is in sole operation. This allows for
identifying critical plot width and location (as a % of line source water replacement).

The success of replanting and emergence will determine exactly when the Irrigation treatments
are first implemented. Ideally, this would take place by June 1, which would allow for a full
months of grass observation and measurements, before the (unpredictable) monsoon.

c. Third Quarter (Apr. 2015- June 2015) Activities:
Activities:

The grass failure of four of the grass entries mandates that starting in early July 2015, that the
soil condition of high salinity and sodicity at the soil surface be remediated by deep rototilling,
which will dilute the immediate surface salinity and sodium levels to acceptable levels (similar to
the entire root zone profile of 0-6 inches). This involves the activities of (1) removing any
remaining exiting vegetation with glyphosate, (2) roto-tilling to a depth of 6 inches, (3)
including elemental sulfur for the entire 6 inch root zone to reduce the ESP level to nil ‘0’ and
(4) establishing the additional 4 low maintenance grasses.

Work Plan - Updated time line:

Soil remediation and another establishment will delay the employment of the Irrigation
treatment phase, due to the grass establishment. When new plots have reached 95% or more
groundcover, with an established root zone of 4-6 inches, the Linear Irrigation treatments will
begin. The current loss of data time is now one month. It is hoped that by mid-August, that full
data collection will begin. Data will be taken into the fall before cooler night temperatures
cause a pronounced cessation of growth.

d. Fourth Quarter (July 2015 — Sept. 2015) Activities:

For Oct. Nov, December 2015, soil samples will be taken for ESP and salinity. Based on
results, gypsum will be applied if ESP values require it, and leaching will take place if soil
salinity requires it. This winter is predicted to be an EI Nino season, which will greatly assist in
leaching (if required). Bermudagrass stolon contaminants continue to be removed mechanically
from any bufflalograss plot entries.

e. Fifth Quarter (Oct 2015 — Dec 2015). Activities:

During the 6th quarter (January, February, March), the test site will be managed for (1)
eradication of any bermudagrass contaminants (2) maintenance of plot integrity (3) a proper
mowing frequency to promote maximum shoot density and (4) weed control, as necessary.

During the 6th quarter, the linear irrigation plots will be delineated and defined as the percent of
ET replacement value from the line source to the outer plot edge. This will be accomplished by
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placing catch cans in successive equidistant locations across the entire plot. The irrigation
(collection) values are then plotted as a function of distance from line source. These absolute
values are then divided by the application rate at the line source itself, to provide the percentage
of replacement water realized as function of distance from the line source. This is essentially the
calibration of the LIGA system itself. Calibration is required to delineate and establish the
irrigation treatments across the plots in gradient fashion, and also to define the levels of applied
irrigation themselves. From there, plant responses will be recorded once only the main line
source is in operation.

Funding Expended To Date

L1 Provide the actual dollar amount or percentage of grant funds expended on the project from the
beginning of the project to the end of the reporting period covered by this report, regardless of
whether expenses have been reimbursed by the ADA.

L1 If less than 1/2 of the project funds were expended in the first half of the total project period, please
verify if you anticipate expending the remaining funds on approved project activities and budgeted
expenditures by the end date of the grant. Please also describe your plans to ensure that the funds are
expended in a timely manner.

L1 The progress to date should coincide with the level of funds expended. If problems or delays have
occurred, these should be described in the Problems and Delays section along with any corrective
actions taken.

L1 If your original grant proposal included matching funds, provide information regarding the level of
matching funds expended to date.

L1 In the event that a project generated income because of planned activities, report the amount of this
additional funding and describe how it has been or will be reinvested into the project to solely enhance
the competitiveness of specialty crops.

a. First Quarter (Oct. 2014 — Dec. 2014) Activities:
Expenditures: Expenditures were not posted in the first quarter (Oct, Nov, Dec 201) by
the UA system, but appear as part of the accumulated total for the second quarter (Jan,Feb,
Mar, 2015).

Indirect Cost share (matching funds) for first quarter (Oct, Nov, Dec 2015) = $0

b. Second Quarter (Jan. 2015 — Mar. 2015) Activities:

Expenditures Second quarter (Jan, Feb, Mar, 2015) = ($11,139)($4,711)($4,590),
respectively.

Expenditures for technical salary, Jeff Gilbert. Note January ($11,139) includes charges from
first quarter accounting period.
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Indirect cost share (matching funds) : Second quarter :Q2 (1/1/15 — 3/31/15) =$13,026.50.
Note this value includes the cost share not posted from first (previous) quarter.

c. Third Quarter (Apr. 2015— June 2015) Activities:

Expenditures this quarter:

April (3,443), May (1,213), June (not reported yet).
Cumulative expenditures to date.
($11,139)($4,711)($4,590), ($3443) = $23, 883
Expenditures for Jeff Gilbert, Technician.

Indirect Cost (cost share) this quarter:
Mar, Apr, $6,542.75. June not yet reported.
Cumulative indirect co