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ABSTRACT

Several aspects of wildflower meadow establishment using native Virginia
herbaceous perennial species were investigated. The initial task lay in identifying the
truly native species from those European introductions which have successfully
naturalized in the state. Germination testing was conducted in accordance with
procedures deemed feasible for use by the Virginia Department of Transportation. Direct
seeding in the field, either in spring or fall, failed to produce acceptable levels of
emergent plants. Under two treatments conducted in the greenhouse many species
germinated well.

Weed control is the most critical factor in successful wildflower meadow
establishment. Dacthal®, Pennant®, and Treflan® all suppressed germination and/or
retarded development of at least some of the five species tested. Use of these three
herbicides is not recommended in conjunction with seeding of Virginia wildflowers.

Direct seeding a nurse crop of non-persistent species in the spring which would

be followed by installation of the native mix in the fall was investigated. Soil analysis



and subsequent development of the Virginia wildflower mix failed to differentiate any

soil quality influence of the nurse crop as compared to the other two treatments.

Direct seeding was compared to the use of the Virginia Tech Transplanted
Meadow (VTTM) technique developed by Lyons for fall establishment. High levels of
winter survival, strong competitive ability against weeds, and good spring growth by the
wildflower species indicate that the VI'TM technique is a promising method for
establishing wildflower meadows. Further research is needed to determine the long term

performance of a native Virginia wildflower meadow.
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Chapter 1

Approaches to Wildflower Meadow Establishment: An Overview

Wildflower gardening is popular among Americans ranging from rural
homeowners seeking to attract wildlife to urban communities in the Bronx, New York
(Martin, 1986). Meadows provide an alternative to lawns for large areas of land (Art,
1987). Apart from planted meadow sites, " the use of native plants in American gardens
has increased dramatically” (Phillips, 1985, p.3). During the colonization of the
American continent by Europeans, native plants were important to settlers for food and
medicinal reasons as well as for their ornamental value (Martin, 1986). Now, the
emphasis on conserving native plants is directed more towards preserving the habitat of
other creatures that depend on specific types of vegetation (Stevenson, 1985). Prior to
European settlement, the Northeast region of the United States was dominated by
deciduous forests; even so, these were punctuated by openings which contained eastern
meadow species adapted to full sunlight and periodic drought stress (Art, 1987).

Much conflicting information exists in the literature with regard to the definitions
of terms used in the discussion of meadow establishment. Confusion has particularly
arisen over the use of the word "wildflower." In its very broadest sense, a wildflower is
one which exists somewhere in the world having arisen without human intervention. The
National Wildflower Research Center defines wildflowers in a narrower sense:

"Flowering plants, native to a specific geographical area or habitat, capable of growing in



unimproved habitats without the assistance of humans... Wildflowers can include
naturalized species...not aggressively competitive or invasive" (Paulson, 1989, p.3). Still
more restrictive is the definition that a wildflower is a native, herbaceous flowering plant
which may also include grasses and many aquatic plants (Jones and Foote, 1990).

"Meadow" is another term assuming various context-related meanings.
Colloquially, as "meadow-in-a-can," the term generally refers to a mix of colorful annual
and perennial, native and exotic flowers (Bartels, 1992). A true meadow, i.e. one that
could have occurred in nature without human intervention, is composed primarily of
grasses interspersed with flowers whether it arises in the Northeast, where it 1s frequently
temporary, or the Midwest prairies (Bartels, 1992; Jones and Foote, 1990). A "prairie" is
simply the French language equivalent of meadow, as French explorers were the first to
describe the vegetation found in the central plains of the United States (Smith and Smith,
1980).

The American movement for the preservation of wildflowers along roadways
began in Texas through the work of garden clubs in the 1930s (Feltwell, 1992). The
Highway Beautification Act of 1965 was the legislation which provided the spark for the
development of large-scale public projects using native wildflowers along the nation's
roadsides (Gould, 1988). Virginia currently receives approximately $75 million in
Federal Highway funds which are allocated for Surface Transportation Projects; of this
amount 10% is targeted for enhancement categories, one of which is landscaping uses

(Cassada, pers. comm., 1995). Much of the impetus in using American species for



highway beautification originated with Ladybird Johnson (Paulson, 1989). On the
occasion of the former First Lady's seventieth birthday in 1982, Mrs. Johnson donated 60
acres and $125,000 for the establishment of the National Wildflower Research Center
[NWRC] in Austin, TX (Gould, 1988). As a consequence, species most common in early
wildflower mixes were those native to the southwestern portions of the United States.
Lupinus texensis (Texas bluebonnets), Coreopsis tinctoria (plains coreopsis), and
Castilleja indivisa (Texas paintbrush) are a few of the species which perform well in the
Southwest but will not become established in Virginia (Martin, 1986). Bonnie Harper-
Lore, a landscape architect with the Federal Highway Administration "commented on the
progress (or lack thereof) that has been made in the use of wildflowers along highways
since the effort was launched in the 1970s", citing the substitution of exotic species such
as Cosmos bipinnatus, C. sulphureus, and Cyanus centaurea for those species which are
truly native (Sorrells, 1995, p.3).

Unlike most of their counterparts, some seed companies that specify wildflower
mixes by region, as in Park's Wildflower Mix No. 5 for the Southeastern U. S., do not list
the species composition of the mix (Park Seed, 1995). Johnny's Catalogue (Johnny's
Selected Seeds, 1995) offers two wildflower mixes; one is composed of annuals and the
other of perennial species. Both incorporate naturalized species such as Hesperis
matronalis (Dame's rocket) and Centaurea cyanus (bachelor's buttons), along with many
other species not native to Virginia. Of the 18 species included in Applewood Seed

Company's Northeastern mixture used for a research project in Virginia (Sabre, 1994),



only five are truly native in the state (Harvill et al., 1992).

What are some reasons for using native species? Mixes are often formulated for
such broad geographic ranges that many species may not be adapted for the specific sites
where they are planted (Art, 1987). Where seeded species fail to become established, the
outcome will be the entry of invading weeds among the desired species that were
successful (Sabre, 1994), leading to a planting characterized as a "midsummer weed
patch" by Lyons (Laurent, 1994, p.18). Other research has demonstrated that reliable
bloom and seed set are best achieved by locally adapted species and ecotypes (Beckwith,
1991; Jones and Foote, 1990). Introduced species such as Chrysanthemum maximum,
Cosmos bipinnatus, and Daucus carota were found to be invasive when combined with
other species in a mix during research trials in Georgia (Corley and Smith, 1990). Other
invasive species found in seed mixes tested by the New England Wildflower Society
included Hesperis matronalis, Cichorium intybus, and Lythrum salicaria (Art, 1987).
Research conducted by Lindgren and Clay (1993) demonstrated that even supposedly
sterile cultivars of purple loosestrife (1. salicaria) are interfertile with the wild type
which has displaced numerous wetland species and continues to endanger ecosystem
diversity. Several states, including Minnesota, Illinois, Indiana, Ohio, Washington, and
Wisconsin, have listed purple loosestrife as a noxious weed (Anderson and Ascher,
1993); therefore, its continued inclusion in wildflower mixes must be deemed
unconscionable and irresponsible. Native wildflowers by definition are adapted to the

area in which they originate. While highway medians often possess severely damaged



and/or non-native soils, the Virginia wildflowers will be adapted to local rainfall,
temperature, and photoperiod conditions. Whereas exotic annual plantings require
reseeding each year in order to maintain visual impact (Bartels, 1992; Jones and Foote,
1990), a meadow composed of Virginia natives is expected to be self-perpetuating.

Identifying native Virginia species was the first step in formulating a natives-only
seed mix to be planted along roadsides. Primary references used in this research were
Wildflowers of the Shenandoah Valley and Blue Ridge Mountains (Gupton and Swope,
1979), A Field Guide to Wildflowers: Northeastern/Northcentral North America
(Peterson and McKenny, 1968), Guide to the Vascular Plants of the Blue Ridge
(Wofford, 1989), and Atlas of the Virginia Flora 111 (Harvill et al., 1992). The majority
of "ornamental" herbaceous Virginia natives are perennial; thus, no annual species were
selected for inclusion in trial mixes.

The primary consideration in selecting species for inclusion in a native
wildflower mix was to provide for a maximum period of continuous bloom. Height was
considered such that early blooming species benefitting from some shading would be
planted with taller, later flowering species. This strategy would additionally serve to
disguise weather-beaten foliage and seed pods of spring blooming species. Whenever
possible, canopy bloom heights were staggered to yield a greater depth of color. Species
were also selected on the basis of family diversity, primarily to minimize competition for
nutrients and maximize resistance to any one pest or pathogen. Monoculture plantings

have been blamed for increasing plant losses to insect and disease invasion (Peirce,



1987). Color harmony within each mix was considered despite its subjective nature.
Accordingly, this was given the least weight in the selection process.

Other selection criteria included tolerance for full sun, drought, low soil fertility,
heavy-textured soil, and visibility at interstate highway speeds. The species selected also
occurred throughout Virginia or over large areas encompassing the geographic
subdivisions of Tidewater, Piedmont, and Mountain regions.

Commercial seed sources for each species selected were located. Earlier research
indicated that seed produced at similar latitudes to the area in which the species were to
be grown would be more reliable with regard to hardiness, blooming, and reproductive
success (Beckwith, 1991; Jones and Foote, 1990; Martin, 1986). Of the 25 species
initially chosen for this thesis research, 14 proved to be commercially unavailable from
46 supply sources. After further research, 14 suitable species were obtained from
Environmental Seed Producers (CA), Lafayette Home Nursery, Inc. (IL), and Prairie
Moon Nursery (MN) (Appendix 1). Asclepias tuberosa was donated by Ms. Nicky
Staunton of the Virginia Native Plant Society.

Germination characteristics for the selected species were compiled from the
literature. Information regarding germination rates and procedures for certain species
was not available from the sources consulted (Association of Official Seed Analysts,
1989; Deno, 1993; Hartmann and Kester, 1983; Jones and Foote, 1990; Martin, 1986;
Paulson, 1989; Phillips, 1985; Smith and Smith, 1980).

Recent research has identified pretreatment strategies for some wildflower



species. Stratification improves germinability of several species (Bratcher et al., 1993;
Martin, 1986). Growth regulators and storage temperature were found to control
germination response for Coreopsis lanceolata (Carpenter and Ostmark, 1992). Samfield
et al. (1991) focused on seed priming as a means of improving uniformity of germination
for selected wildflower species. Conditioning techniques may well prove beneficial to
commercial producers of wildflower seed; however, the present study was intended to
develop pragmatic procedures useful to the Virginia Department of Transportation
(VDOT) in the establishment of roadside plantings. For this reason, germination trials
were conducted without any chemical conditioning treatment or particular stratification
regimes.

Light and temperature cycles favoring germination of many native herbaceous
perennials have been reported by Deno (1993). "Temperature is, perhaps, the most
important environmental factor that regulates germination and controls subsequent
seedling growth" (Hartmann and Kester, 1983, p.146). "It appears that seeds of many
wild species or those with a short domestication history have a relative dormancy that is
responsive to temperature alternation” (Gardner et al., 1985, p.226). For this reason,
temperature was allowed to fluctuate diurnally during the germination testing of the
selected wildflower species in this experiment. As early as 1926, Kinzel classified
several hundred species on the basis of light response; i. €., whether germination was
favored by light, by dark, or was unaffected by light and dark (Gardner et al., 1985).

Where information was available, the light/dark requirements of selected wildflower



species were provided for in this experiment. As Teucrium canadense (germander) was
the only species in this work postulated to require dark for germination (Deno, 1993),
seven other species with no documented photoperiod germination requirements were also
subjected to dark treatment to examine their suitability for inclusion in a mix with
germander.

The next phase for the present research was to investigate the use of pre-
emergence herbicides to inhibit weed competition and enhance the success of direct-
seeded wildflowers. Weed control in wildflower plantings is the most critical factor in
determining successful establishment (Laurent, 1994). A primary source for weed
emergence in landscape plantings is the reservoir of dormant weed seeds already present
in the soil known as the "seed bank" (Gallitano et al., 1993). The persistence and ubiquity
of weeds in disturbed soils is due to the ability of weeds to produce numerous and long-
lived seeds which are easily transported (Ross and Lembi, 1985). The key in weed
management is to prevent one or two aggressive species from gaining dominance in a
wildflower planting (Martin, 1986). The longevity of weed seeds, in combination with
the sheer numbers produced, guarantees that a given weed will continue to persist almost
indefinitely once established (Ross and Lembi, 1985).

Several strategies may be used in an effort to control weed pressures. Fumigants
such as methyl bromide are highly effective soil sterilants when applied prior to
installation of wildflowers (Derr, 1994); however, severe toxicity, great expense, and

labor intensiveness are several disadvantages of these compounds (Ross and Lembi,



1985). Instead, site preparation for meadow plantings frequently combines tillage with
preplant, nonselective, contact or systemic herbicide treatment (Corley and Smith, 1990;
Laurent, 1994). Two methods in common use exemplify this approach: the site may be
treated with a systemic, nonselective herbicide such as glyphosate; the bed is then
rototilled approximately two weeks later to expose buried weed seeds; finally, regrowth
1s treated again with herbicide and not tilled (Laurent, 1994). Alternatively, the site may
be mowed initially prior to application of a nonselective contact herbicide such as
paraquat (Ross and Lembi, 1985) after regrowth; this is followed by tillage of the area to
various depths (Corley and Smith, 1990). As continued weed control is often either
necessary or desired during the establishment phase of the wildflower planting, some
research has been conducted on the response of wildflowers to a variety of pre-
emergence and post-emergence herbicides (Corley and Smith, 1990; Derr, 1993, 1994).
Corley and Smith (1990) first determined that deeper tillage resulted in greater
weed control problems; thus, tilling shallowly following pre-plant herbicide treatment is
recommended. The graminicides Poast® (sethoxydim) and Fusilade® (fluazifop) were
found to control grassy weeds in wildflower plantings with no damage to desirable
species; Surflan® (oryzalin), a pre-emergence herbicide, resulted in some depression of
wildflower survival; Treflan® 10G (trifluralin) resulted in minimal death to desirable
species (Corley and Smith, 1990). Broadleaf weeds were particularly difficult to control,
requiring hand-pulling, spot spraying, or wicking with a contact herbicide (Corley and

Smith, 1990).



The experiments conducted by Derr (1993, 1994) on transplanted wildflowers
focused on the use of pre-emergence herbicides in container production. In 1993, Derr
reported that metolachlor was not found to affect survival of Coreopsis lanceolata while
it did provide acceptable control of Cyperus esculentus (yellow nutsedge). In 1994,
Rudbeckia hirta and Coreopsis lanceolata, two Virginia native wildflowers, were largely
unaffected by DCPA (Dacthal®) four weeks after herbicide application. Both species did
demonstrate damage from dinitroaniline herbicides, with the greatest injury resulting
from oryzalin (Surflan®) application. Three months after herbicide application, however,
neither of these species showed significant differences in survival from the control.

The impact of EPTC/Treflan pre-emergence herbicide combination on direct-
seeded wildflowers was investigated by Erusha et al. (1991). Among the wildflower
species included in the study were Coreopsis lanceolata and Rudbeckia hirta. The
herbicide combination had no impact on stand establishment for R. hirta. Coreopsis
lanceolata did not differ from the control at the Nebraska location; however, stand
establishment in Oregon was only 35% for the control, while the herbicide treated plot
demonstrated an 80% establishment. No other species of the 47 tested 1n this experiment
had better stand establishment for herbicide treated plots compared to the controls, and
no hypothesis for the anomaly was provided by the authors.

Another objective of the current study was to determine whether a nurse crop
might be a viable method of site preparation. A nurse crop has been defined as a fast

growing crop planted with the intended crop, but which does not persist within the crop
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for a long period of time (Ross and Lembi, 1985). A slight alteration of this idea was
used in the present study, where the nurse crop was to be planted ahead of the intended
crop. The purpose was to investigate whether a spring-seeded nurse crop could improve
soil conditions for a subsequent wildflower planting. By selecting species for the nurse
crop with certain properties, some scientifically documented and others not, it was
hypothesized that soil structure and nutrient levels might be enhanced to facilitate
autumn establishment of a wildflower planting. In addition to providing tangible
benefits, the nurse crop would also display a high level of ornamental value, as it would
need to comply with VDOT's mandate of highway beautification. Finally, nonpersistent
species must comprise the nurse crop such that no competition with the wildflower crop
would occur.

The final phase of this research project was to determine a method for the field
establishment of native Virginia wildflowers which would be appropriate for use by
VDOT or, by extension, other groups interested in large-scale meadow installation. Field
establishment of extensive wildflower meadows is analogous to the production of
agronomic stands in many respects. Horticulture is ordinarily concerned with the
intensive management of relatively high value crops, whereas agronomy is usually
directed towards the large-scale production of crops such as hay, corn, wheat, and
soybeans. One measure of successful establishment is leaf area index (LAI), which is a
ratio of the area of photosynthesizing surface divided by the soil area occupied by the

crop (Mengel and Kirkby, 1987). Broadleaved crops are said to be maximizing available
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solar irradiation when LAI values range between 3.0 and 5.0; that is, maximum dry
matter production occurs at this level of stand density (Gardner et al., 1985). The species
used in the present study all possess leaves which are oriented in a horizontal plane; thus,
a minimum LAI value of 3.0 was a criterion for successful stand establishment.

Failure to obtain vigorous stands from direct-seeded methods may result from
competition by more aggressive weed species, improper seeding times, and/or an
inability to break dormancy (Salac et al., 1982). Another complication with direct-
seeding on a large scale can be the prohibitive cost of seed for some species (Airhart et
al., 1983). In the case of wildflower mixes, proper seeding dates may be especially
troublesome to pinpoint as research by Kaspar and McWilliams (1982) indicates
variability in germination response to temperature among the four species that were
tested. Little information is available for the germination requirements of many
wildflowers, and the majority of data extant are derived from greenhouse or laboratory
experiments (Salac et al., 1982). Methods for extensive field establishment of many
wildflower species used in this study are largely unavailable (Airhart et al., 1983,
Association of Official Seed Analysts, 1989; Deno, 1993; Hartmann and Kester, 1983;
Jones and Foote, 1990; Martin, 1986; Paulson, 1989; Phillips, 1985; Smith and Smith,
1980).

Airhart et al. (1983) investigated the use of wildflower sods as a means of
assuring better stand establishment. Of the 13 species tested in this experiment, only two

were native Virginia perennials: Asclepias tuberosa and Liatris spicata. Sods were

12



produced by species; no mixes were used. Suitable sods for the Virginia native
wildflowers could only be achieved by seeding a soilless mix at twenty times the seed
manufacturer's recommended rate. After one year in the field, no A. ruberosa or

L. spicata survived.

A more promising establishment technique, the Virginia Tech Transplanted
Meadow (VTTM), was developed by Lyons working with annual species (Laurent,
1994). The method utilizes up to 12 species combined in equal weights to form a mix.
Sand is added to act as a dispersal agent. Flats filled with a soilless mix are then seeded
by hand broadcasting. The wildflower mix is grown in the greenhouse for one month
before transplanting to the field site. Preparation consists of applying glyphosate
(Roundup®) in April, rototilling 7 to 10 days later, and a final glyphosate application
again in late May. Plugs are transplanted into the field in late May or early June spaced
on a minimum of 30 cm centers. The transplanted meadow mix is then mulched to a
depth of 7.5 cm with hardwood bark.

The species selected for research in the present study are listed in Appendix II

with brief descriptions of appearance, germination procedures, and site preferences.
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