UNITED STATES DEPARTMENT OF AGRICULTURE
NATURAL RESOURCES CONSERVATION SERVICE

CAPE MAY PLANT MATERIALS CENTER
CAPE MAY COURT HOUSE, NEW JERSEY

NOTICE OF RELEASE OF HAMER GERMPLASM SEA OATS

The U.S. Department of Agriculture, Natural Resources Conservation Service (NRCS), Cape May Plant
Materials Center (PMC) in Cape May Court House, New Jersey, announces the release of Hamer
Germplasm sea oats, a selected class germplasm of Uniola paniculata (L.). Hamer Germplasm sea oats
is assigned NRCS accession number 9094810.

This pre-varietal release is justified because there are no commercial sources of sea oats available for the
Northern Tidewater coastal regions of New Jersey, Maryland, and Delaware. Currently, the closest
commercial sea oats sources are in North Carolina. In addition, no named selections for sea oats exist on
the Atlantic coast. Commercial plants and named varieties are produced for the southern Gulf Coast. It
has been determined through genetic analysis that populations of sea oats in the Gulf coast are
genetically different than Atlantic coast populations (Hodel & Gonzales, 2013).

Collection Site Information: Seed collections from naturally occurring populations in Virginia and
North Carolina were made between 1981 and 1984 to evaluate their cold tolerance (Table 1). From the
seed collected at these sites, 24 accessions were established at 13 off-center evaluation planting sites
(Appendix A, Table 2). The June 1992 planting in Avalon, NJ, provided the source material for Hamer
Germplasm; a vegetative division of five surviving plants.

Table 1: Collection locations of sea oats evaluated for northern cold tolerance (1981-1984), Cape
May Plant Materials Center, Cape May Court House, NJ.

Collection Locations Collector(s)

Back Bay Wildlife Refuge, VA Louis Cullipher

Virginia Beach, VA Louis Cullipher

Cape Charles, VA (Eastern Shore) Louis Cullipher/Don Hamer
Northampton County, VA (Eastern Shore) Louis Cullipher/Don Hamer
Accomack County, VA (Eastern Shore) Patricia Hall

Carteret County, NC Keith Salvo

Currituck County, NC David Hodges

Dare County, NC Cluster Belcher/David Hodges

Description: Hamer Germplasm sea oats is a native, warm season, perennial dune grass species of the
coastal strand environment. At maturity, the height ranges from 2.8-5.4 ft. Hamer Germplasm has thick,
sturdy leaves up to 2 ft long and 0.25-0.5 inches wide, which are deeply furrowed on the axial surface
and are tapered and often brown and curled at their ends. The inflorescence is a terminal dense panicle,
14-25 inches in length, of laterally compressed spikelets. The spikelets range from 0.5-1.5 inches long,
with each spikelet containing from 10-12 wind pollinated florets. The lower 4-6 lemmas are usually
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empty. The inflorescences begin green and mature to a golden-brown straw color as the seed ripens. The
underground portion of sea oats consists of an extensive fibrous root system with a massive network of
long, highly lignified rhizomes which may spread up to 2-3 ft/yr. The rhizomes have a slightly yellow
tint, may be sharp at the tip, and have a scaled appearance. One to three new upright stems arise from
nodes on the rhizome which are spaced 3-6 inches apart. Morphologically, this germplasm is shorter
(more prostrate) than other commercially obtained sea oats germplasm tested and has the potential for
greater lateral spread in an ideal sand accumulating environment. This attribute of the Hamer
Germplasm will be beneficial in plantings along the highly developed coast to preserve the viewshed.
Hamer Germplasm produces approximately 82,000-116,000 seeds/Ib. The species identification of this
germplasm has been verified by Dr. Gerry Moore, Director, NRCS National Plant Data Center,
Greensboro, NC.

Method of Selection: Hamer Germplasm has exhibited cold tolerance having survived in Plant
Hardiness Zone (PHZ) 7b since 1992. This long-term survival is north of the sea oats species natural
northern range of PHZ 8 (lower Delmarva Peninsula). Wintertime temperatures that limit sea oats
growth and seed recruitment in extreme northern areas of its range have been noted (Goldstein et al.,
2018). Studies conducted by the PMC in the 1980’s-early 1990’s have shown that cold winter
temperatures are the limiting factor for the establishment and survival of sea oats in Delaware,
Maryland, and southern New Jersey. With this in mind, a development process of field plantings and
long-term evaluations were used to select germplasm adapted to this area.

Field plantings were established along the Atlantic coast from 1985 to 1995 with seed collected from
naturally occurring populations in Virginia and North Carolina, collected between 1981 and 1984. A gap
of 15 years (1994-2009) occurred where no evaluation data was collected on this sea oats selection
effort. In 2009, 5 surviving plants were rediscovered between 59th and 60th Street in Avalon, NJ. These
plants were the only survivors of two successive 24 accession initial evaluation plantings that were
installed in June of 1991 and 1992 (Appendix A, Table 2). Seeds from those plants were collected and
the progeny were tested in plantings from 2010-2013 (Appendix, Table 3). Hamer Germplasm is derived
from 5 plants that survived the Avalon, NJ, (Cape May County) 1992 field planting. These five plants
exhibited an acceptable level of vigor and survival for over 20 years under natural climatic conditions.
Notably, these plants survived the storm of 1992 and tolerated the extreme winter conditions of 1993-
1994 and 2013-2014. The five plants were dug from the back dune site in the late fall of 2014, separated
and potted in ProMix potting medium. After dividing, the 5 original plants produced 24 potted clones.
The clones were overwintered in an unheated greenhouse. In the spring of 2015, the fifteen surviving
clones served as the initial breeder material for the Hamer Germplasm release. These fifteen clones
continue to be divided, and field/greenhouse planted to increase the numbers for distribution to growers.
The final composite of fifteen plants comprising Hamer Germplasm represents an unknown number of
accessions from collections within the seed collection geographic area. The release of Hamer
Germplasm is made under the Association of Seed Certifying Agencies’ manipulated track for selected
class germplasm based on the unique method of selection used.

Sea Oats Phylogenetic Analysis: In order to determine the genetic similarity or dissimilarity of the

surviving unknown accessions that comprise the Hamer Germplasm composite, a phylogenetic analysis

was done. Plant material was clipped in 2017 from sea oats plants in established evaluation plantings at

Chincoteague NWR, VA, (1986) and Avalon, NJ, (1992, Hamer Germplasm) to analyze the phylogeny

of the surviving plants. The Chincoteague NWR and Avalon plants were established with the same sea
2



oats accessions. For comparison purposes, additional plant materials were clipped from commercially
sourced North Carolina and South Carolina sea oats, from the Golden Meadow PMC (Louisiana)
Caminada Germplasm sea oats release, along with previously sequenced Uniola paniculata Genbank
stocks (TX, VA, SC, and LA). Eragrostis tef was the outgroup.

This study found evidence that the Avalon and Chincoteague samples were more closely identified with
the North Carolina sample and much less closely identified with the samples from southern Atlantic and
Gulf coast regions and Genbank stocks. Based on the results, Hamer Germplasm is distinct from most
other commercially available materials, with the exception of the NC commercial. This result is not
surprising since some of the original surviving accessions in the Hamer Germplasm composite may have
been produced from seed collected in North Carolina. Intraspecific variation was seen in at least 2
distinct haplotypes present in the Avalon (Hamer Germplasm) samples, although a more robust method
might be necessary to further investigate individual genotypes. Refer to Appendix B for the complete
phylogenetic analysis report.

Summary of Performance: The dune environment is a highly dynamic landform that changes almost
daily with winds shifting sands and occasional storm over wash that changes the structure of the dune.
This environment is challenging for evaluating performance of plant materials for a long period of time.
A total of 14 field plantings with 24 accessions were established between 1985 and 1995 in Long Island,
NY (1), most northern planting, New Jersey (6), Delaware (5), and Virginia (2) (Appendix A, Table 2).
As 0f 2023, 4 of these plantings had surviving remnant plants although the individual accession
identification has been lost. The most northern planting with surviving plants was the 1992 Avalon, New
Jersey, planting where 5 remnant plants still existed in 2009. A subset of these plants established the
breeder germplasm for this Hamer Germplasm sea oats composite release. To further test the
performance of this genetic material, several advanced evaluation plantings were established between
2010 and 2013 using G2 plants from the 1992 Avalon planting (Appendix A, Table 3). One Avalon site,
the 19™ Street planting, had 93% survival after 2 growing seasons and another adjacent planting, had
100% survival after one growing season. Both plantings survived back-to-back annual hurricanes
(Hurricane Irene, 2011 and Superstorm Sandy, 2012) but were subsequently buried under dredged sand
in an Army Corps project to raise the elevation of the dune at that location. A third planting in Cape
May Point established in 2013, is still surviving and has spread vegetatively from an original planting
size of 36 sq. ft. to 545 sq. ft in 2023. There is no evidence of seed recruitment at the Cape May Point
planting site.

In June 2017, new advanced evaluation plantings were established at 2 locations (Avalon, NJ and Cape
May Point, NJ) to compare growth and survival of Hamer Germplasm with 2 commercial sources of sea
oats (Coastal Transplants-NC and Legare Farms-SC) as well as plants propagated from our 1986
planting at Chincoteague, VA. The study plot consisted of four replications of each germplasm arranged
in rows of eight individuals with two feet apart in row and three feet between rows (Appendix A, Figure
1). Additionally, the plots left a five-foot buffer area between rows of varying germplasms to prevent
infringement between plots. The survival of the germplasm entries was monitored over a period of five
years to determine if any of the four entries had a greater chance of survival in a more northerly climate
than the currently reported sea oats range. The 9" Street Avalon planting was an erosion “hot spot” and
experienced complete loss by October 2018, due to animal herbivory, and the wind exposed site
conditions (poor planting site selection). However, at the Cape May Point site, a sand accumulating
location, 50% of the Hamer Germplasm plants survived 1.5 years after planting. There were no
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significant differences in survival between the entries. The Cape May Point planting was successfully
evaluated for 6 successive years. Results in 2018, the year after establishment, are listed in Appendix A,
Table 4. In 2018, in addition to collecting plant survival data, rhizome spread was also measured in each
plot (Appendix A, Table 5). Although no significant differences existed between the entries, the Hamer
Germplasm had slightly more spread than the other entries. The plant survival results after 6 years
(2022) are listed in Appendix A, Table 6. There continues to be no significant differences in winter
survival rates between the entries. This may be a result of the natural sea oats range of PHZ 8 migrating
north to southern Cape May County, NJ, since we started this plant selection work (2023 USDA Plant
Hardiness Zone Map). After 6 years we discontinued evaluating survival data as the entries started
intermixing and it was difficult to distinguish entries from one another. In July 2023, at the Cape May
Point Site, absolute height (from ground to top of inflorescence) of 40 samples of each collection was
measured (Appendix A, Table 7).

Ecological Considerations and Evaluation: An Environmental Evaluation of Plant Materials
Releases was completed using guidelines established by the NRCS (USDA NRCS, 2010), and the best
available information for this species. Results from this evaluation determined Hamer Germplasm was
suitable for release based on criterion contained in this document. Sea oats is a naturally occurring
species on the Atlantic coast and have been documented to be migrating north naturally due to warming
trends. Hamer Germplasm was selected from native stands of sea oats and has had no genetic
modification. It is believed that any negative impact to other native species would be minimal to
nonexistent.

The release of Hamer Germplasm for public use could be considered “assisted migration™ as it may be
introduced proactively to local ecosystems to improve future plant diversity considering climate change
(Handel, 2012). While sea oats is not considered to be superior to American beachgrass (Ammophila
breviligulata) as an initial primary dune stabilizing plant in the areas of adaptation, it will serve as a
complementary longer-term surviving species in the event of reduced vigor due to lack of sand
accumulation resulting in disease or insect infestation of American beachgrass (Seliskar, 1992, 1993,
1995). The dominant dune grass species in a given area influences the protective services of coastal
dunes. Woodhouse, Seneca & Broome (1977) notes that American beachgrass tends to grow faster than
sea oats and spread more rapidly after transplant. These differences in plant growth rate have
implications for dune morphology, which have been observed in the field (Woodhouse, Seneca &
Broome, 1977). These studies suggest that dunes dominated by American beachgrass coalesce faster
than those formed by sea oats resulting in high, continuous dune ridges compared to hummocky dune
formations associated with sea oats.

Conservation Use: Hamer Germplasm sea oats is intended as a complementary species for dune
revegetation and stabilization projects to increase the biodiversity of dune ecosystems. It is best planted
in combination with a quick stabilizing grass such as American beachgrass or bitter panicgrass (Panicum
amarum). It may also be used to ameliorate dune systems suffering from American beachgrass die off
(Seliskar, 1995; Seliskar & Huettel, 1993). The documented long-term survivability of Hamer
Germplasm sea oats in cooler climates north of its indigenous range allows for its use in appropriate
habitats north of the recommended sea oats planting range, Virginia to Florida. If site conditions are
appropriate and specific criteria for the conservation practice standard are met, Hamer Germplasm sea
oats could have beneficial applications for NRCS Conservation Practice Standards Critical Area
Planting (342) and Early Successional Habitat Development/Management (647). Sea oats is known to be
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difficult to propagate from seed and slow to establish. Nevertheless, its high sand trapping ability and
long-term persistence makes this grass species ecologically important. It is an excellent dune builder and
could eventually dominate the foredunes when established and properly managed, thus many researchers
have tried to resolve the limitations of propagating and establishing sea oats (Woodhouse et al., 1966,
1976, and 1977).

Sea oats performs best when planted on the crest of the primary dune and/or immediately on the lower
backside of the primary dune but in an area of minimal existing vegetative competition. It will tolerate
moderate amounts of sand accumulation (3-5 inches) during the establishment period but will have
trouble surviving when overtopping of sand occurs and remains for an extended period of time. It is
better adapted than American beachgrass to stilled sand once established. This makes sea oats a good
complementary planting with American beachgrass where it’s range of adaptation overlaps. Sea oats
provides some wildlife habitat on coastal dunes, providing food for beach mice, sparrows, red-winged
blackbirds, and marsh rabbits. The plant's dense colonies offer shelter, and its pollen attracts insects,
while its roots and deep rhizomes stabilize sand dunes, which protect the dunes themselves and the
underlying ecosystems from erosion and storms. Hamer Germplasm may also be used as an ornamental
landscape plant in coastal environments due to the showy seedheads.

Area of Adaptation: Hamer Germplasm sea oats was developed for use on the coastal sand dunes and
barrier islands of Maryland, Virginia, Delaware, and southern New Jersey. The testing locations that
resulted in high survival rates that define the areas of anticipated use ranged from Back Bay National
Wildlife Refuge, Virginia Beach, VA, to Avalon, NJ, (39.076367, -74.737553) covering USDA PHZ
8b-7b and four Major Land Resource Areas: Northern Coastal Plain (149A), Tidewater Area (153B),
Mid-Atlantic Coastal Plain (153C), and Northern Tidewater Area (153D). Currently, sea oats only
occurs naturally as far north as Assateague Island, VA (PHZ 8). However, since we started this plant
selection work, PHZ 8 has migrated north to southern Cape May County, NJ (USDA-ARS, 2023).

Release Production: Propagate Hamer Germplasm sea oats vegetatively or by seed. Bare-root plant
propagules will be distributed to interested growers for the purpose of establishing potted plants for
public sale. Rooted container stock provides the highest probability of survival and success in dune
plantings. Produce containerized stock using a well-drained, sandy planting medium. Establishing a field
production block for plant and seed harvest is also possible in sandy loam or loamy sand textured soils.
We have been successful in amending the production block plants with a surface application of fine sand
for simulating a shifting sand dune environment. Seed production is highly variable based on the small
seed production fields (0.014-0.046 ac) at the Cape May PMC. Over an eight-year period seed
production ranged from 0.43-75.71 lbs/ac with an average yield of 14.28 Ibs/ac. Hamer Germplasm seed
ranges from approximately 82,000-116,000 seeds/Ib.

Availability of Plant Materials: Limited quantities of Generation 1 (G1) and G2 plants and G2 seed
will be distributed to commercial nurseries and seed producers for increase and to other interested
parties, as available, by the USDA-NRCS Cape May Plant Materials Center.

Maintaining Stock Classes of Seed and Plants: The parent population of Hamer Germplasm (G1) is
maintained by the Cape May Plant Materials Center. The seed harvested from the G1 population will be
designated as G2 seed and distributed to commercial growers. Growers may increase seed no more than
one generation (G3) for commercial sale (Sharp, personal communication, 2013). All seed fields in
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commercial production have a ten-year production limitation under optimum growing conditions. Hamer
Germplasm must be isolated from other increase fields or native populations of Uniola paniculata by a
minimum of 300 feet. For vegetative propagation, the generation of propagated material has the same
generation as the parent material. Vegetative materials may be increased for no more than 5 cycles
before growers need to obtain fresh stock plants from the PMC.

Origin of the Release Name: Hamer Germplasm sea oats is named after Donald Hamer, retired Cape
May Plant Materials Center Manager (1985-1995) for his tireless effort in seeing this project through to
the end, even as an Earth Team volunteer since his retirement in 1995. Don had been employed at the
PMC since its inception in 1965 until retiring in 1995. He had the foresight in the early 1980’s to
embark on this sea oats plant selection work with the intent to provide another dune plant to complement
American beachgrass on the frontal dune system.
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Appendix A: Documentation of Evaluations and Performance

Table 2. Field plantings established along the Atlantic coast from 1985 to 1995 with seed collected
between 1981 and 1984 from naturally occurring sea oats populations in Virginia and North

Carolina.

Establishment
Year

Location

Results

1985

Virginia Beach, VA

Excellent vigor and growth throughout the study. 36
accessions out of a total of 48 were selected for advanced
evaluation. Planting inactive

1986

Assateague
Island/Chincoteague
VA

Vigorous growth within 3 months of transplanting.
Excellent survival. This planting site still exists today.
Plants/genetic material were collected at this site.

1986

Fenwick Island, DE

Lost most plants due to storm damage. 14 plants survived
but with poor vigor. Planting destroyed by storms.

1986

Dewey Beach, DE

Plants had 55% survival with good-excellent vigor when
last evaluated in 1992. Planting destroyed by storms

1987

Barnegat Light, NJ

14% survival. Plants had poor vigor. Site was last
evaluated in 1994. No surviving plants due to harsh winter
of 1993-1994. Planting inactive

1987

Fenwick Island, DE

Winter storm damaged most of the planting. However, 14
accessions survived the first winter. Storm damage
eventually destroyed this planting in 1991/1992

1988

Avalon, NJ

Best accession had 16.7 % survival in 1992. The following
winter of 1992, many accessions were ultimately
transplanted to the PMC due to the site receiving dredged
sand. These accessions did not persist in the field at the
PMC.

1990

Barnegat Light, NJ

A 1992 evaluation showed top survival of the best
accessions at 47%. However, a June 1994 evaluation
showed that no plants were surviving. Again, the harsh
winter of 1993-1994 killed the surviving plants

1990

Brigantine, NJ

Good first year survival. At the end of the second year of
growth, survival ranged between 50%-100% with nine
accessions maintaining 100% survival. Unfortunately, the
October 1991 Perfect Storm and the January 1992 storm
destroyed this planting.

1991

Delaware Seashore
State Park

Last evaluation October 1993. A few accessions exhibited
100% survival in 3 growing seasons after planting. In
November 1994, it was discovered that the site was buried
by as much as 5 feet of sand in some spots due to improper
placement of sand fencing. As of 2021, a small population
of the plants from the original planting were still surviving,
However, due to storms and dune scarp erosion the plants
were vulnerable, and all the plants were lost as of 2023.
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Establishment Location Results
Year
1991/1992 Avalon, NJ Severe Nor’easter storms of 1991 and 1992 affected the

1991 planting
was destroyed
by intense
coastal storm
(Nor’easter).

591_60™ Street

survival of many of the accessions in this planting. In some
sections, sand was deposited several inches over the
planting. In others, flood waters leveled or uprooted plants.
However many of the plants survived but the identity of
the remaining accessions were impossible to determine.

Same site These surviving plants serve as the genetic material for

replanted in the Hamer Germplasm release.

1992 with

same

accessions.

1992 Sea Colony Condo. As of 2023, some accessions from the original planting

Bethany Beach, DE were surviving in the backdune area, oceanward of the

managed landscaping.

1993 Fire Island, NY This is the most northern planting of sea oats. Evaluated in
June 1994, it was observed that no plants survived the
extremely harsh winter of 1993-1994.

1995 Barnegat Light, NJ Planting destroyed by storms in late 1990’s.

Table 3. Advanced Evaluation Field Plantings (2010-2013) using G2 plants from the Avalon
salvaged germplasm at the Avalon, NJ 1992 planting.

Establishment | Location | Site Conditions Plot Data Results

Year

June 8, 2010 60" Trough of secondary | Installed 110- 8” This planting struggled
Street, dune. No new sand | seedlings. 15 grams of | from the beginning due
Avalon, | accumulation. Dense | Osmocote added to each | to intensive plant
NJ vegetation already plant. competition from the

existing.

Evaluation 7/12-85%
survival. Some rabbit
damage observed.
Evaluation 7/22-85%
survival. Extremely dry
conditions.

Evaluation 8/26-Rabbit
predation and existing
plant competition
causing additional
mortality. 60% survival.
7/25/11-5% survival.
Planting inactive.

existing vegetation and
herbivory from rabbits.
Poor site selection for
an evaluation planting.
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Establishment | Location | Site Conditions Plot Data Results
Year
June 8, 2010 gth Un-vegetated back Planted 80 seedlings. Poor site selection.
Street, dune area receiving | Evaluated 7/12-85% The area received no
Avalon, | little sand survival. new sand accumulation
NJ accumulation. Very | Evaluated 7/22-85 % and survival was poor.
little competing survival. In general, all
vegetation. Evaluated 8/26-72 % vegetation in this area
survival and vigor was struggles. A geotube
fair to good. exists at depth
Final evaluation- underneath the sand.
6/10/11-only a few The site elevation is
scattered plants also higher than the
surviving. existing natural dune.
Inactive-6/11
June 17,2011 | 19% Leeward side of fore | 3 replications of 138 Excellent first and
Street, dune with some plants installed. second year survival.
Avalon, | sand accumulation. | 7/25-Fertilizer (10-10- (93%-95%). Planting
NJ No competing 10) applied at 500 #/ac. | survived Sandy but was
vegetation. Some 7/25-98% survival, all subsequently destroyed
sand accumulation reps. by beach replenishment
on site esp. 8/31-Evaluation 98% (burial) following
following Irene. survival all reps. Superstorm Sandy.
Hurricane Irene hit 8/26, | Inactive-2013 due to
minimal damage to artificially altered
plots. dune with intentional
10/12-Evaluation 93% sand burial.
survival-all reps.
6/11/2012; 93%-95%
survival-all reps.
June 11,2012 | 19 Leeward side of fore | Planted 3 replications of | Spacing was widened
Street, dune with some 110 plants of 2 year on this planting over
Avalon, | sand accumulation | potted 4” x 4” plants. the previous year. (98
NJ Evaluation 8/16/12- % survival) after 1

100% survival, all
reps.

year. Planting survived
Sandy but was
subsequently destroyed
by beach replenishment
(burial) following
Superstorm Sandy.
Inactive 1/2013 due to
artificially altered
dune with intentional
sand burial.
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Establishment | Location | Site Conditions Plot Data Results
Year
June 14, 2013 | Cape High beach area in 15- 2 year old potted Established well with
May front of a wooden plants installed. (6/2013) | good vigor. 90% survival
Point, NJ | bulkhead. A fair Evaluation 7/2014- 12 | atend of first year.
Site 1 amount of plant plants surviving. (80%) | Second year 80 %
competition, with a | Evaluation 6/2015- 7 SurVI,Val‘ This site .
.. continues to flourish
small amount of surviving. (46%)
; . and spread. In 10 years,
sand accumulation. Evaluathn S/2Ql§ the original planting
(46%) with individuals | ;e of 36 f2 measured
starting rhizome spread. | s45 f2 in 2023 due to
8/2020-site spreading rhizome spread of
from original surviving | original plants.
plants. (6 new seed
producing plants from
rhizomes)
June 14,2013 | Cape Backdune area 15-2 year old potted Established well with
May behind and above a | plants installed. (6/2013) | good vigor. 90%
Point, NJ | beach access road. Evaluation 7/2014-12 survival in first year.
Site 2 Not much new sand | plants surviving (80%) | Second year 53 %
accumulation. Evaluation 6/2015-8 survival. Heavy
plants surviving (53%). | beachgrass
competition. This
planting is inactive as
of 2017. 100%
mortality due to
inadequate sand
accumulation.
June 14,2013 | Cape Backdune “bowl” 20-2 yr. old potted Excellent vigor and
May area. No new sand plants installed. foliage growth. After 2
Point, NJ | accumulation but Eval. 7/2014-18 plants years, 90 percent
Site 3 shifting of existing | surviving (90%). survival. Some plants

sand.

Eval. 6/2015- Still 90%
survival

producing seedheads
(8/2015). Site buried by
wind blown sand in
2016. Replanted to a
comparison planting
in 2017 discussed
below.
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Figure 1: 2017 sea oats evaluation plot plans at Avalon, NJ, at 9" Street, and Cape May Point,
New Jersey.

Table 4. 2018 Cape May Point Survival Data.

USDA-NRCS Cape May Plant Materials Center Avalon Site, 10/10/2018

No sea oats plants survived the winter due to poor site conditions and high animal herbivory.
Cape May Point Site, 10/10/2018

PM staff performed survival counts to assess winter mortality:

Rep | Treatment # surviving | % survival | Avg.
1 NC 14 0.88
2 NC 8 0.50
3 NC 0 0.00
4 NC 0 0.00 0.34
1 CHT 7 0.50
2 CHT 12 0.75
3 CHT 0 0.00
4 CHT 0 0.00 0.31
1 Hamer Germplasm 7 0.47
2 Hamer Germplasm 9 0.56
3 Hamer Germplasm 0 0.00
4 Hamer Germplasm 0 0.00 0.26
1 SC 8 0.50
2 SC 13 0.81
3 SC 0 0.00
4 SC 0 0.00 0.33

* Percentages adjusted for plant mortality prior to winter.
**Reps 1 and 2 are at Cape May Point, Reps 3 and 4 are at Avalon.
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Rep Treatment # surviving | % survival | Avg.
1 NC 14 0.88
2 NC 8 0.50 0.69
1 CHT 7 0.50
2 CHT 12 0.75 0.63
1 Hamer Germplasm 7 0.47
2 Hamer Germplasm 9 0.56 0.51
1 SC 8 0.50
2 SC 13 0.81 0.66

* Percentages adjusted for plant mortality prior to winter.
**Dropping Avalon site (Reps 3 and 4) data.

Table 5. Average Rhizome spread (inches) of all entries recorded December 12, 2018

Spread Average
Rep Treatment (in) (in)

1 | NC 12

2 | NC 14

3| NC 9

1 | NC 16 125
2 | NC 17

3| NC 7

1 | CHT 22

2 | CHT 21

3 | CHT 18

1 | CHT 13 16:5
2 | CHT 13

3 | CHT 12

1 | Hamer Germplasm 15

2 | Hamer Germplasm 13

3 | Hamer Germplasm 33 185
1 | Hamer Germplasm 21 '
2 | Hamer Germplasm 14

3 | Hamer Germplasm 15

1]SC 22

2|SC 21

31SC 28

1]SC 15 178
2|SC 14

31SC 7
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Table 6. Cape May Point Survival Data. August 2022

#
Rep | Treatment surviving | Survival | Avg.*

1| NC 2 0.25

2 | NC 3 0.375

3| NC 2 0.25

4 | NC 5 0.625 | 0.375%
1| CHT 2 0.25

2 | CHT 2 0.25

3| CHT 5 0.625

4 | CHT 6 0.75 | 0.4688 *
1 | Hamer Germplasm 2 0.25

2 | Hamer Germplasm 1 0.125

3 | Hamer Germplasm 5 0.625

4 | Hamer Germplasm 3 0.375 | 0.34384
1| SC 2 0.25

2| SC 2 0.25

3|SC 6 0.75

4| SC 7 0.875| 0.53134

*Means with the same letter are not significantly different according to Dunn’s test at P<0.05.

80.00 A A

70.00
— 60.00 B
=4
E— C
£ 50.00
.0
% 40.00
@
Qo
© 30.00
@
>
< 20.00

10.00

0.00

SC NC Hamer Germplasm CHT
Germplasm

Figure 2. A chart showing average height data from a sea oats comparative study conducted at a
dune location in Cape May Point, NJ. Means with the same letter are not significantly different
according to Tukey’s HSD at P<0.05.
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Appendix B. Uniola paniculata Phylogenetic Analysis Report

Prepared by Dr. Peter F. Straub and Matthew Bye

Stockton University, Pomona, NJ

For USDA-NRCS- Cape May Plant Materials Center
11/13/2017

Introduction

Uniola paniculata is a sub-tropical, primary dune species whose native distribution goes from the
coastal Gulf of Mexico to as north as Virginia. To field test whether some varieties of U. paniculata
could be cold tolerant, a stock was planted in both Avalon, NJ and Chincoteague, VA. These two
sites were then harvested several years later to analyze the phylogeny of the surviving plants. To
accomplish this phylogeny, five informative genetic loci that were identified by Hodel (2013) were
sequenced. These five loci in the chloroplast genome were used for this purpose because they have
been shown to be polymorphic. This method was used in the haplotyping of other grass species by
(Saltonstall, 2001: Hodel, 2013). These sequences were then used to see whether a discrimination
between the cold-tolerant survivors and other available stocks could be made.

Methods

Sample Collection
Leaf and stem samples were collected from field grown and stock plants at the USDA-NRCS, Cape
May Plant Materials Center in Cape May Courthouse NJ. Samples were frozen at -20°C until analysis.

Extraction

U. paniculata. leaf tissue (50mg) was used to extract DNA with Qiagen DNeasy PowerPlant Pro Kit
(Hilden, Germany). The protocol that was followed was May 2017 edition. In the elution step, 75uL
of PD7 was used and was stored at 4°C. DNA was quantitated with ThermoFisher NanoDrop Lite
(Waltham, MA). To verify DNA, 50ng was run on a 1x TBE, 1% agarose gel (Sambrook and Green
2012) and stained with Gel Red (Biotium, Inc. Fremont, CA).

Amplification

Primers were synthesized by Integrated DNA Technologies (Coralville, IA) from sequences obtained
in the literature (Table 1).
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Table 1 Informative primers outlined in Hodel’s paper Phylogeography of Sea Oats. The primers
themselves were developed by Hamilton (1999) and Ebert and Peakall’s (2009).

Primer Set Target Region Reference

rpl 20 & 5'-rps 12 Rpl20-rps12 intergenic spacer Hamilton (1999)
ANU_Cp007-L & ANU_Cp008-R | Rps 16 gene intron Ebert and Peakall (2009)
ANU_Cp016-L & ANU_Cp017-R | tRNA-Gly trnG Ebert and Peakall (2009)
ANU_Cp035-L & ANU_Cp036-R | trnC-rpoB intergenic spacer Ebert and Peakall (2009)
ANU_Cp047-L & ANU_Cp048-R | PsbC gene Ebert and Peakall (2009)

Qiagen HotStar HiFidelity Kit (Hilden, Germany) was used for the amplification of the target regions
above following the Qiagen PCR Handbook version October 2010. For each reaction 15ng of DNA
was added. A PCR annealing temperature of 51.9°C was used throughout the project. Primer
concentration for PCR was 1uM for both left and right primers. To confirm successful PCR, 1/5 of
the reaction was run on a 1x TBE, 1% agarose gel (Sambrook and Green 2012) and stained with Gel
Red (Biotium, Inc. Fremont, CA). After amplification, PCR products were purified with a QlAquick
PCR purification Kit (Hilden, Germany); September 2011 protocol. Two modifications were made.
First, the drying step was extended to 2 minutes to more completely remove ethanol off the
column. Second, 60uL of elution buffer was incubated for 3 minutes before centrifugation. The
purified PCR product was then quantified with NanoDrop ThermoFisher (Waltham, MA) and 50ng
was run on a 1x TBE, 1% agarose gel (Sambrook and Green 2012) and stained with Gel Red
(Biotium, Inc. Fremont, CA).

Sequencing Reaction and Ethanol Precipitation

For sequencing, 20ng of purified PCR product was added to % reactions of Applied Biosystems Big
Dye Terminator Sequence Kit v3.1; manual Rev. A 09/2002 (Life Technologies, Austin TX). The final
sequencing primer concentration was 0.16 uM. The Ethanol/EDTA precipitation was used as
described in section four of the protocol manual with a few alterations. The first centrifuging step
was run at 21,130 x g for 15 minutes and the second was run for 10 minutes at the same force.
After resuspension the samples were run on an Applied Biosystems Genetic Analyzer 3500 on a
50cm capillary using the Std_Seq_Assay-POP7 protocol (Life Technologies, Austin TX).

Genetic Analysis

The sequences were exported from the sequencer in a FastA file. The sequences were then
assembled into a concatenate file using TextEdit (Apple Software, Cupertino CA). This concatenate
file was then aligned with MUSCLE (Edgar and Rober, 2004) in Mega7 (Kumar et al. 2016). After
alignment, a maximum likelihood tree was created with Mega7 using the Jukes- Cantor model and
100 bootstraps (Jukes and Cantor, 1969).

Results

A total of 6 informative sites on the 5 loci were used in this project and they are outlined in Table 2.
Also listed is the informative sites position relative to the Eragrostis tef (the outgroup) chloroplastic
genome from Genbank: MF035981.1.
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Table 2 The informative sites from 5 loci along with the primers and position are outlined. The
sequences chosen were ones who showed dissimilarity at the loci.

Primer Set

Sequence with Informative Site

Position on Fragrostis tef

TR TTOTETROOL LTETETEOET L L T T T L

+ r 2D CCCATTATTCCGAT ATATARAATATT 65088
rpl 20% & 5'-rps 12 Laz CCCATTATTCCTATATATARAATATT
CHTZ CGCATTATTCCGAT ATATARRRTATT
Erag ARRCEGATTATTCCGATATATAARRTATT

rpl 20 & 5'-rps 12 2D 1 ATATAARATATTAATTCCARTGECITIIR 66004
AD 123 ATATAAAATATTAACTCCAATECCTTITS
ST 2 A2TEATAARA A TATTAAT T A AT TTT TE

ANU C 7-L* & Erag ATATAAARATATTAATTCCAATESCTTTTE 5375

— g

ANU_CpOO2-R AD 1 ACRRACAACCCAGOECAAATTCECTTCES
T2 ECEEREME R AR AR TTEETTNER

ANU_Cp016-L* & CHTZ ACAZACHEBICCCAGCECAAATTCOEETTCEE 13361
Erag ACRRACE3CCCAGOECEAATTCEETICGE
ANU_CpO17-R AD 1 TTECATGCARMATACAXATTTEATTATEA

ANU_Cp035-L* & L 2 TTGCATCCARRATAMRRRTTTCATTATEA 18490
ANU_Cp036-R CHT 2 TTCCATCCAAXATACEAATTTCATTATSA
Erag TTECATGCARRATACEEATTTGATTATAR
AL 1 MJ.«:w:LLw_«_ﬂ.hLJ.LJ.LLw_L:'ﬁ.hJ.LJ.L:-\_h

ANU Cp047-L* & 11254
L4 2 AATCETTCCAATTTETT CTCAATTTTTCA

ANL CpO48-R

- CHTZ AATGEETTCCAATTTIIT CTGAATTTTECA

*Sequencing Primer

The evolutionary history was inferred by using the Maximum Likelihood method based on the

Jukes-Cantor model (Jukes and Cantor, 1969). The tree with the highest log likelihood (-3276.66) is

shown. The percentage of trees in which the associated taxa clustered together is shown next to
the branches. Initial tree(s) for the heuristic search were obtained automatically by applying

Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum
Composite Likelihood (MCL) approach, and then selecting the topology with superior log likelihood
value. Figure 1 is drawn to scale, with branch lengths measured in the number of substitutions per
site. The analysis involved 27 nucleotide sequences. All positions containing gaps and missing data

were eliminated. There were a total of 2158 positions in the final dataset. Evolutionary analyses
were conducted in MEGA7 (Kumar et al. 2016).
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Figure 1. DNA Analysis Maximum Likelihood Phylogenetic Tree of Uniola paniculata

haplotypes from chloroplastic DNA sequence using Mega?7 (Kumar et al. 2016).

71 LA_2
SC_2
JX422807.1(TX)
JX422799.1(NC)
JX422730.1(LA)
JX422794.1(VA)
AD_16

AD_12

AD_9

AD_6

AD_3

AD_2

AD_5

AD_8

AD_11

AD_13

E' AD_14

AD_4

AD_7

AD_10

AD_15

AD_17

AD_18

CHIL=2

NC_2

AD_1

Eragrostis

0.0020
AD: Avalon Dune, (Hamer Germplasm plants), CHT_2: Chincoteague, NC_2: nursery supplied,

SC_2: nursery supplied. JX422730.1 (LA): Timbalier Island, Louisiana JX422794.1 (VA): Assateague
Island, Virginia. JX422799.1 (NC): Emerald Island, North Carolina JX 422807.1 (TX): Matagorda,
Texas. LA _2:Louisiana a released NRCS selection (Caminada)

Discussion

The genetic haplotype sequence analysis seen in Figure 1 supports that Avalon samples are more
genetically similar to Chincoteague(2) and North Carolina(2) in the sequenced regions than those
samples from Louisiana(2), South Carolina(2) and previously sequenced Genbank stocks. The
Avalon samples also show variation within the group specifically AD 13 and 14 have a transition
mutation in the Rpl20-rps12 intergenic spacer loci not reported before in Uniola. The genetic stock
of both planted regions, Avalon and Chincoteague map the same. The fact that there is as much
similarity in their sequence could point to a similar survival pressure in both locations, this claim
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would be better substantiated with more Chincoteague samples being sequenced. The informative
sites in this project separated the more northern, both native and cultivated, from those samples
from southern and gulf coast regions. The investigation of further more variable sites may be able
to see if there are sites to discriminate Avalon samples apart or find variation between
Chincoteague(2), North Carolina(2) and Avalon. This study found evidence that the Avalon and
Chincoteague dune samples were more closely identified with the NC stocks provided and much
less closely identified with the Genbank sequences stocks, SC, and LA stocks provided. Intraspecific
variation was seen in at least 2 distinct haplotypes present in the Avalon dunes although a more
robust method might be necessary to further investigate individual genotypes.
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