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Introduction
Revegetation is a needed means of mitigating man-made and
natural disturbance. Our current ability to address environmental insults contrasts sharply with that existing when John
Muir first sowed the roots of environmental awareness or
Aldo Leopold and Hugh H. Bennett inspired a land ethic and
a sense of stewardship. We now have considerable revegetation science and experience and—equally important—viable
native-seed and revegetation industries expert in repairing
environmental damage. Through the National Plant Materials program, related and usually cooperative work within
state universities and other entities, and the development of
ecological service industries, our society has heeded Leopold’s call to take pride in the “husbandry” of wild plants.1 Yet,
wild-plant husbandry is now being questioned, as is the wisdom of much of the knowledge, experience, and use of plant
materials developed over the past 3 to 5 decades.
Controversy exists over the seed sources to be preferred
and the intended outcome of revegetation projects. We have
agreement that disturbed sites need to be stabilized, erosion
minimized, and basic ecosystem processes maintained, but disagreement on the extent that revegetation should exactly reproduce the predisturbance plant community and within-species genetic composition. It is a question of priorities. Should
preferential use of local plant materials be advocated as the best
method to preserve genetic composition, or should available
cultivars of native species, and other source identified materials, be employed as the most expedient means for timely soil
stabilization and long-term ecosystem-process restoration?

A cultivar is a variety, strain, or population of known genetic
origin, produced under cultivation in a way to ensure its
genetic integrity is maintained.

There is agreement among land managers, Federal and
state agencies, conservation groups, and scientists that the
decisions should be based on research and science. There are
hundreds of species on the rangelands of North America and
rigorous genetic and adaptation studies have been conducted
on only a few, so the scientific information base is small in
comparison to that of cultivated crops. Our intent here is to
summarize key aspects of this problem, suggest some potential
approaches and solutions, and encourage further research.

Issues and Concerns
Four questions underlie the cultivar/local-ecotype controversy:
1. Does farming for seed increase, change the genetic resources of
cultivars or source-identified seeds being increased?
2. Do cultivars cause genetic pollution when seeded near wild
stands?
3. What are the short-term and long-term ecological consequences
of “outbreeding depression?”
4. Will cultivars directly or indirectly negatively affect the functional ecology of a system?
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One of the basic assumptions for using local ecotypes in revegetation is that they are best adapted to the climate and
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site of the area to be revegetated. Since rangeland revegetation projects are expected to produce indefinitely sustainable
plant populations, a preference for local ecotypes implies
an assumption that the current climate will also continue
indefinitely into the future. Paul and Hazel Delcourt writing in The Flora of North America review evidence that at
least 20 glacial-interglacial cycles have influenced the floristic regions of North America.2 The last glacial to interglacial cycle gives us an idea of floristic changes that have
occurred in the past 20 cycles. About 20,000 years ago ice
sheets dominated the northern half of North America and
glacial ice flowed east from the Rocky Mountains. Permafrost and tundra occurred across eastern Washington, Idaho,
Montana, and Wyoming.
By 15,000 years ago the glaciers were retreating toward
mountain summits and by 12,000 years ago lodgepole pine
had colonized deglaciated terrain. The changing ice pattern
was accompanied by changes in the jet stream, and in precipitation patterns. By 10,000 years ago forests had a greater
variety of species and sagebrush steppes were developing in
rain shadows east of the Cascades and Rocky Mountains.
Between 10,000 and 7,000 years ago, the warmest and driest
summers accentuated the stress of growing-season drought
and produced more changes in the existing plant communities. The surprise is that these global-climate changes did
not produce a large-scale evolution of new species. The Delcourts tell us these cycles mostly moved existing species and
communities back and forth across the landscape with each
glacial-to-interglacial sequence.
In history, as now, the continuum of change is constant.

What basic ecological processes allowed plant species to
migrate and to adapt to change?

Which seed sources are sustainable?

Genetic diversity is the foundation of population stability
and sustainability.

Plant Evolution
The preferential use of local plant types is often justified using Darwin’s principal of natural selection. Advocates argue
either that natural selection is an optimizing force in the evolution of local types over other variants of a species (plant
competition is identified as the selecting force) or that local
types are more compatible with the local environment (environment is the selecting force). Either way, natural selection
is viewed as an optimizing dynamism. In his final book, evolutionary biologist Stephen J. Gould stated that the fallacy in
these arguments is that natural selection is not an optimizing
force.5 A plant need only reproduce to maintain its place in
the community and beyond that threshold, there is no natural
force toward optimization. Many plants we consider “native”
fare poorly against newer species that never experienced the
local habitat or plant community. This has been repeatedly
demonstrated by the superior performance of introduced
grasses such as smooth bromegrass and crested wheatgrass
in comparison to native cool-season species in their home
areas.6–10 In addition to natural selection, the evolutionary
genetic processes of mutation, migration, and drift also determine plant population genetic composition and these processes are random, not optimizing.11 Further evidence that
local populations are not optimally adapted comes from investigations of Mavraganis and Eckert, who have shown that
inbreeding in local types can significantly reduce population
fitness.12 Optimizing evolution results from intelligent effort:
it is not a result of natural randomness.5
Natural selection is not an optimizing force.

The Delcourts also write that the spread of paleoIndians
influenced the distributions of certain plant species as well
as the composition of plant communities.2 This was particularly true during the last 5,000 years when the people became
more sedentary and “grew native and introduced plants for
food.” Thus, people in North America have influenced its
vegetation for 12,000 years both directly and indirectly. That
continues and may be accelerating with increased carbon dioxide in the atmosphere and its potential effects for global
warming. The question that needs to be asked is whether
local ecotypes or composite populations and cultivars with
broad genetic bases are most likely to adapt to the changes of
decades, and centuries, and millennia? Climatic history indicates that climate changes will occur—that change is a constant. Genetic diversity, both within and among species, is
the foundation of sustainable populations. This principal has
been repeatedly emphasized for reclamation seed mixes.3,4
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Intelligent Effort: Developing Plant Materials
A pragmatic solution to the revegetation problem is the one
used to re-seed millions of acres in the Great Plains and the
Inter-Mountain West to both native and introduced species
during several major revegetation efforts, including the response to the drought of the 1930s and, more recently, the
Soil Bank and Conservation Reserve Programs. Native plant
cultivar development includes (1) collecting plant materials
from broad geographical areas, (2) evaluating them at multiple sites in the intended area of use, and (3) selecting the best
accessions. Selections have been increased and released as
cultivars, or used in breeding programs for improving specific
traits before being “released” as cultivars.13, 14 New cultivars
are released by being officially named and registered with
one or more state or national seed certifying organizations
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or agencies. Seed of officially released and registered cultivars
can be certified for genetic purity under state and federal seed
laws. Examples of native plant cultivars and releases include
‘Critana’ thickspike wheatgrass, ‘Whitmar’ bluebunch wheatgrass, ‘Nezpar’ Indian ricegrass, and ‘Trailblazer” switchgrass.
The genetic structure of cultivars is known. Their areas
of adaptation have been determined by testing and by the
known origin of their base germplasm. They are produced
under certified conditions to ensure their genetic integrity is
maintained.15 Because they are produced in commercial seed
fields, their seed cost is significantly less than that of seed
harvested locally from wild stands.
An alternative procedure advocated by Stutz, particularly
for species for which appropriate cultivars are unavailable, is
to establish on a revegetated site a mix of seed sources within
or among closely related species so genetic mixing and sorting allow those combinations to develop that are adapted and
sustainable as the site itself evolves.3,4 Stutz’s procedure is a
plan for preserving local-plant evolution as a key ecological
process.
A properly administered seed certification system will prevent seed-increase-related genetic shifts.

Cultivar Genetics and Agronomic Production
To ensure that native plant cultivars have a significant amount
of genetic diversity, cultivars are often produced by intermating or combining numerous plants or accessions from the
intended geographical area of use. Two recent studies using
molecular genetic markers demonstrated that genetic shifts
during seed production are not-detectable for a cross-pollinated species, blue grama, and are small for a self-pollinated
species, slender wheatgrass.16,17 Larson et al. examined the
DNA of bluebunch wheatgrass cultivars, including ‘Whitmar’, which was released in 1946, and reported high levels
of DNA variation were maintained in these cultivars.18 The
proper use of the seed certification system to produce certified seed prevents significant genetic shifts from occurring
during seed increase.
Native-plant cultivars have been used for more than 50
years.

The Question of Genetic Pollution
Does crossbreeding of local sources with certified sources
(particularly cultivars selected for superior characteristics)
increase genetic diversity and improve local-stock sustainability, or does it cause a degeneration of local stock (genetic
pollution)? More than 50 years of using native-plant cultivars
on millions of acres in the Great Plains and Intermountain
West has produced no obvious evidence genetic pollution has
occurred. But, have we looked? The alternative hypotheses

26

should be tested using molecular genetic markers to measure
gene flow among cultivars and native populations, and to assess the effect on progeny populations. It is no more valid to
make land management decisions based on fear of genetic
pollution (fear of adverse consequences is not evidence of
fact), than it is to ignore existing information or the need to
properly test the questions.
What is the effect of natural selection on less fit offspring?

Inbreeding and “Outbreeding” Depression
Inbreeding depression is a valid term describing the well-established loss of vigor that occurs in cross-pollinated species
after several generations of self-pollination or sib-mating.
“Outbreeding depression” is a relatively new term referring
to the loss in vigor, yield, or fitness that may occur when plant
materials from different geographical or adaptation regions
are intermated.19,20 Agronomic plant breeders have long recognized “outbreeding depression” when mating adapted and
non-adapted material, but they do not use the term. In breeding programs mal-adapted offspring can be carefully preserved where the material contains desired traits to be transferred to adapted material. In natural systems mal-adapted
types do not remain in the plant community—whether or
not they have desirable traits. Several studies summarized
by Rogers and Montalvo documented the percentage of offspring affected by “outbreeding depression” in native plant
populations in the first generation (F1) of wide crosses.19 Information is lacking, however, on the effect of subsequent
generations of natural selection on the fitness of the derived
populations.21,22 In crop plants, the equivalent of outbreeding depression results from genetic incompatibility due to
cytogenetic differences including inversions, translocations,
deletions, and ploidy levels and to linked genes controlling
adapted traits that have evolved differently in genetically
separated populations of a species. In natural systems natural
selection probably makes outbreeding depression a non-relevant question.
Do Cultivars Threaten the Functional Ecology
of an Area?
There is concern that seeded plants or their offspring from
crosses with local types may be more vigorous, competitive,
or otherwise more fit than the indigenous plants, and may
replace local types and negatively affect the species structure
within ecosystems. This is another argument from a negative
consequence but somewhat the opposite of the genetic-pollution and outbreeding-depression arguments. The evidence
against it and the need to directly test the questions are the
same. Millions of acres have been seeded to cultivars of native species and during the 50+ years since the first seeding
took place there has been no documented negative ecological effects on rangelands. However, the immeasurable benRangelands

Figure 1. Plant Adaptation Region map for the USA minus Alaska and Hawaii with the following labeled PAR’s: PAR 331−4, PAR 331−5 = Great Plains
Palouse Dry Steppe HZ4 and HZ5, respectively; PAR 332−4, PAR 332−5 = Great Plains Steppe HZ 4 and HZ5, respectively; PAR 251−4, PAR 251−5
= Prairie Parkland Temperate HZ 4 and HZ5, respectively. (From Reference 36.)

efit to soil and water conservation, forage production, and
wildlife habitat are documented.23 It has been difficult to
determine which plants in an area are descendents of indigenous or seeded populations, but the use of molecular markers will now make this research feasible if funding is available. As argued earlier, the alternative hypotheses should be
tested. The results should also be compared with Rogers and
Montalvo’s reported adverse effect of species hybridization
within wetland systems, including hybridizations involving
Spartina sp.19
Is the postulated problem even remotely as serious as the
ecological problems solved by using the released materials?

Revegetation Experience
The revegetation industry’s conventional practice is to use
certified seed of cultivars, seed with source-identified certification, or seed from other proven sources. The reasons are
availability, economics, and results. Seed of local types—if
available—is usually expensive24–26 (M. Majerus, personal
communication, 2003) and the quantity and quality varies
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widely with the weather.27 Businesses stay in business by being successful and the result is local seed is rarely used by
private enterprise. Mined-land revegetation projects are continually monitored by state environmental regulatory agencies. Monitored projects, seeded with cultivars and other
certified seed sources, have been generally successful and
approved because they have restored fundamental ecosystem
processes and because no calamitous consequences of using
non-local seed have been observed in or around the projects.
The preponderance of over 50 years of revegetation experience and evidence supports the use of certified seed from
proven sources.

Adaptation Regions
Species within an ecoregion are not genetically uniform in
regards to adaptation to the entire ecoregion, but are stratified into a north to south latitudinal gradient or high to low
elevation gradient of ecotypes that are best adapted to their
own specific area of the ecoregion.28–34 Substantial research
resources are often available for agronomic and horticultural
crops and specific adaptation information is developed by
extensive testing. Similar information is needed for native
plants. Geographical adaptation areas have been defined us-
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ing trial plantings, for cultivars of native grasses grown in the
Great Plains. The areas are based on Plant Hardiness Zones
that are about 250 miles wide.35 The studies listed previously indicate that most native grass cultivars can be grown
in their origin Hardiness Zone and about half of the adjacent north or south zones in The Great Plains and Midwest.
These studies and other available trial information and field
experience demonstrate that the adaptation areas of many
native plant cultivars are very extensive rather than intensive—again, a fact to be expected given the change scenarios
of paleohistory as described by Delcourt and Delcourt.2 As
long as plant-materials seed stocks are grown in areas with
similar photo-periods and a minimal-length growing season, there should not be genetic shifts in the populations
during seed production. If the photo-period criterion is met
and if the growing season allows for seed production prior
to a killing frost, then it is not necessary to grow seed in the
same location in which it will be utilized.16

Many native plant cultivars have extensive areas of adaptation.

PARs establish a model for testing plant adaptation.

Ecoregions and plant hardiness zone classification systems integrate climatic and geographic variables that determine plant adaptation. Vogel (co-author) and others have
developed Plant Adaptation Regions (PARs)36 for the USA
by merging Bailey’s widely used ecoregion map37,38 and the
USDA Plant Hardiness Zone Map (Figure1).39 Based on
their geographic origin, plant materials can be classified for
their general adaptation areas using PARs. Great Plains research on plant adaptation supports the use of PARs and indicates that cultivars can be adapted to several PARs—thus
PARs establish a structure or model for adaptation trials.
However, there is limited information available on many species, and resources for testing adaptation of ecotypes, seed
sources, and strains of native species are sparse.
The lack of precise boundaries in natural environments
should be recognized. Both Bailey’s ecoregion concept and
plant hardiness zones attempt to define areas of plant adaptation based on environmental factors that gradually change
across the landscape. Because of the gradual change in environmental factors that control plant growth, any system
that defines boundaries based on these factors is not absolute but requires judgment on the part of the users. It
should be noted that the PARs cover large geographical areas and that they do not coincide with political boundaries.
There is no scientific database to support mandating the
use of local ecotype plant materials on a mileage or political-boundary basis.
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Summary and Conclusions
Native-plant species and their ecotypes and populations have
values that make plant-type preservation a valid and important consideration. But, disturbed lands are not preserves.
Revegetation is about performance in the face of challenging
environmental conditions and highly competitive invasive
weeds. Common-sense budgetary constraints and concern
for fundamental ecological processes—including genetic
mixing and sorting—and invasive-weed exclusion should be
the priority revegetation considerations. An undue revegetaton emphasis on using local types is a concern because of
the lower quantity and quality, and higher costs associated
with using local seed and because of gene-pool isolation and
limitation on disturbed sites. Native-plant husbandry is an
exercise of science and intellect over natural randomness and
has resulted in cultivars bred and selected for desirable characteristics, including superior performance in germination,
seedling vigor, early growth, and tolerance to stress. Cultivars often have a broad genetic base and are likely to possess
more genetic diversity than that of native local populations.
Federal and State programs have contributed the bulk of the
material and technology now used in ecosystem restoration
and those programs are a foundation upon which future work
should be based. That work should continue and should include an enlarging of our knowledge of genetic processes and
consequences, adaptation, and sustainability. The development of molecular markers to monitor genetic changes in
plant populations enables debated questions to be addressed,
but funding is needed for this research.
The complexities of today’s natural-resource challenges
emphasize a need for effective plant-materials choices to sustain basic, ecosystem functions and processes including the
processes involved in plant adaptation to an ever-changing
world. Revegetation is a needed means of mitigating ecological insults. Neil West captured in 10 words the essence of
revegetaion priorities when he wrote, “it is more important to
preserve processes than all organisms ...”40 This requires the
full use of science, intellect, and decades-acquired revegetation experience and knowledge.

Authors are with USDA-ARS, High Plains Grasslands Research
Station, Cheyenne, WY (Booth); and Grain, Forage, and Bioenergy Research Unit, Lincoln, NE (Vogel).
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