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Abstract

Establishing vegetation to control erosion, rebuild the soil and improve the visual
appearance of degraded sites is an important aspect of ecosystem restoration. However, the
maintenance of biodiversity and ecosystem function, wildlife management and aesthetic appeal
are also important factors. The use of native species for purposes of revegetation is an important
consideration in addressing all of these issues, but there is little information regarding their use.

An experiment was designed using native plant species to test seeding densities, fertilizer
use, season of seeding and their interaction on six degraded sites in the northwestern interior of
British Columbia. In the fall of 1999 and the spring of 2000, a single seed mixture consisting of a
fixed proportion of 20% Achillea millefolium, 20% Festuca occidentalis, 20% Elymus glaucus,
20% Carex aenea, 16% Geum macrophyllum and 4% Lupinus polyphyllus was applied at six
different densities at all replicate locations. A total of 24 treatment combinations were applied
in 2.5 m by 2.5 m rototilled test plots at each location. Seed densities tested were 0, 375, 750,
1500, 3000 and 6000 pure live seed (PLS)/m? in fall- and spring-sown plots. At all sites,
commercial fertilizer (18-18-18 N-P-K) was applied in one plot of each density treatment; a
corresponding density treatment plot was left untreated. Plots were monitored for plant density
and cover for two years, at the end of each growing season.

The highest mean cover (62%) was achieved after two growing seasons in the fertilized
spring plots sown at 6000 PLS/m?®. However, statistical tests revealed that there was no
significant difference in cover between densities of 3000 and 6000 PLS/m” in the first year. By

the second year, there was no significant difference in cover between densities of 1500, 3000 and



iii
6000 PL.S/m? There was no significant difference between fall seeding and spring seeding, and
there were few treatment interactions.

Results revealed that exotic cover declined significantly in Year 2, especially in plots sown
at densities of 3000 and 6000 PLS/m*. There was also significantly less cover of exotic species in
the unfertilized plots in Year 1. By Year 2, this trend was no longer significant and the cover of
exotics was similar in both the fertilized and unfertilized plots.

Based on the results of this experiment, it is concluded that native plant seed can be
successfully used to restore vegetation cover on degraded sites. A revised seeding mix consisting
of Achillea millefolium, Festuca occidentalis, Elymus glaucus and Lupinus polyphyllus 1s
recommended for use with fertilizer to achieve the best cover.  If rapid cover establishment in the
first growing season is required, seeding densities of at least 3000 PLS/m’are recommended.
Densities of 1500 PLS/m” are acceptable if rapid establishment of cover is not essential. Seeding
densities of 3000 to 6000 PLS/m? are recommended for exotic species control where the cover of

exotic plants is expected to be greater than >3.3%.
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Chapter 1 Introduction

1.0 Rationale and purpose

The purpose of this study is to determine optimal seeding densities for the revegetation
of degraded sites in the northern interior of British Columbia (B.C.). This research is the first
of its kind because the plants tested are all native' to the northern interior of B.C. Native
plant seed mixtures have not been routinely used for revegetation or ecological restoration in
this region. Indeed, the use of native plant mixtures in ecosystem restoration is in its infancy
in western North America. This study is also important in that it systematically tests a wide
range of seed densities under different fertilization regimes and seasons of seeding,
generating new information that 1s apparently not known even for cultivated species.

Revegetation of degraded lands began in North America in the 1930’s in response to
severe land degradation caused by overgrazing, farming, drought, wind erosion and fires.
Range seeding on overgrazed land and land damaged by drought has been carried out for
over 60 years. More recently seeding for mine reclamation and the rehabilitation of
industrial disturbances began in earnest in the 1970’°s (Brink 1998). By 1995, on public lands
in British Columbia, nearly 300 ha per year were being seeded for grassland rehabilitation'
and more than 5,700 ha per year of disturbed forest lands were being treated (B.C. Ministry

of Forests 1995).

As in the past, efforts in North America to revegetate land degraded by human
activities currently depend on domesticated' grass and legume species of European origin,

because they are reliable in germination and growth, inexpensive, and seed is readily

" Terms with a**1" superscript are defined in Section 1.8.



available. Even though the use of native plant species for revegetating degraded lands is
considered an integral component of ecosystem restoration (Harker et al. 1993, Lippitt et al.
1994), native species are not widely used because they are untested. Furthermore, their seed

is relatively expensive and rarely available.

This thesis specifically addresses issues relating to the use a suite of native plant
species for revegetating degraded sites, with an aim to promoting and optimizing their use.
In general, the study consists of a factorial field experiment established in the northern
interior of B.C. and monitored for two years. The experiment examines specifically the
interactions between seeding density, fertilizer and the season of seeding.

The remainder of this chapter outlines the rationale for the research in detail. A
comprehensive literature review is provided in Chapter 2. Chapter 3 describes the methods
used in the study, Chapter 4 presents the results, and Chapter 5 discusses the implications of
this work. Chapter 6 concludes with a summary of the main findings and suggestions for

future research. It also includes recommendations for the practical applications of the results.

1.1 Seeding density

Formal research on herbaceous plant density began in the 1920's in an attempt to
understand the tendency in nature for populations to be controlled through density-dependent
mortality or "self-thinning." Harper (1977) reviewed the contributions of early researchers
such as Sukatschew, Donald, and Kira in recognizing and quantifying the phenomena of self-
thinning in plant populations. This work has been further formalized and applied in

agriculture and forestry (Harper 1977, White 1985).



Despite the relatively long history of plant density research, a review of the literature
reveals that there are few studies related to how or on what basis recommended seeding
densities for agricultural or revegetation purposes were derived. The issue of seeding density
is an important one, because density could be expected to vary according to the plant species
involved, and with climatic and site conditions. Seeding at densities that are too low can
result in inadequate cover for the goal of revegetation to be achieved. Establishing
vegetation is important because bare ground can lead to soil erosion, nutrient loss and weed
invasion. Densities that are too high might inhibit the growth of native species and natural
successional development. The issue of high densities can be a particular problem with
agronomic' perennial grasses, because they are competitive and persistent, with the potential
to dominate a mixed native-non-native plant community (Schuman et al. 1982, Martens and
Younkin 1989). In the case of revegetating a site with native species (as with agronomic
ones), recovery of the other native species in the seed bank and colonization by adjacent
species could be compromised if too much seed is used, thus reducing native biodiversity.

Furthermore, the hard-to-get native seed will be wasted.

Seeding densities in general, appear to be prescribed based on the desire to produce an
adequate number of plants to produce seed or forage (Drinkwater 1993, Broersma pers.
comm. 2000), to attain cover for erosion control (Carr 1980, USDA 2001) to build up soil or
organic matter and management of soil moisture (USDA 2001), and for visual "green-up" or
aesthetic purposes. Seeding practices seem to reflect time-honoured approaches

(Hafenrichter et al. 1968, Anonymous 1990, Gayton1990, Agriculture Canada 1991),

' Terms witha 17 superscript are defined in Section 1.8.



however their scientific basis has been lost or is not well documented (Broersma pers. comm.

2000).

Why particular densities were chosen in the early days of revegetation is not clear.
One view is that seed companies recommended high density seeding on roadsides and other
degraded sites merely so they could sell more seed, rather than for any rigorous scientific
reasons or in response to published research on optimum densities (Broesrma pers. comm.
2000). Another view is that high densities are recommended simply because revegetated
sites are not often revisited, so over-seeding is simply an insurance policy (Hebda pers.
comm. 2003). Today however, standardized seeding densities, such as those recommended
by Carr (1980), Hardy (1989), Schwab (1991), and Drinkwater (1993), seem to be routinely
prescribed and implemented. Drinkwater (1993) states that site- or purpose-specific densities

are being modified as the results of operational trials and research become available.

Seeding densities, based primarily on seeding with agronomic species, are reported to
range from 1.1 to 39.2 kg/ha for grasses and 1 to 50.4 kg/ha for legumes, depending on the
goals and objectives of seeding (Hardy 1989, Agriculture Canada 1991, Drinkwater 1993),
There seems to be little basis for the application of these recommendations to native species,
primarily because (unlike agricultural varieties) native plants have not been selected for
reliable germination and uniform traits. However, some basic principles may be transferable
based on seed size, mature plant size, growth form and the desired ratio of grasses to

legumes.

When working with new species (such as newly developed sources of native seed) with

unique characteristics pertaining to seed weight, plant stature, competitiveness, longevity and




other characteristics new data are clearly needed. It is inadequate to simply apply seeding

rates and other revegetation protocols devised for non-native species.

1.2 The problem with exotic plants

A major rationale for this study is to promote the use of native plant species for
revegetation of degraded sites, rather than species from other regions or continents.
Introduced species are a major concern in terms of ecosystem integrity and biodiversity
conservation. Itis estimated that, in the United States, from 5 to 25% of the vascular plant
species in nature reserves are non-native, and in Canada, overall, non-native species are
estimated to make up 24% of the flora (Vitousek et al. 1996). Berger (1993) estimated that
approximately 3000 different exotic species grow wild in North America and few arcas
remain free of their influence. Some of these exotic plants were inadvertently introduced
from Europe and Asia, whereas others arrived as domesticated species and escaped and
persisted in the wild (Baker 1986). Many exotic grasses and legumes were purposely seeded
along roadsides, on mine spoils, on landslides, after forest fires, and on degraded grasslands.
Because of exposed soil and high light conditions, these same habitats (i.e., disturbed
grasslands and savannahs, riparian habitats, roadsides, paths and open forests) are among the
ecosystems most susceptible to invasion by weedy exotics and other aggressive non-native
vascular plants. Therefore, the continued us¢ of common European specics for revegetation
exacerbates exotic species invasion, and contributes to the suppression of the native flora
(Baker 1986, Wilson 1989, Berger 1993).

Vitousek (1986) concluded that invasive plants with a different life form than the

indigenous vegetation can alter ecosystem characteristics. A particularly pertinent example




of this can be found in the northwestern North America where the nitrogen fixing shrub
Cytisus scoparius L. (broom) Fabaceae is invading the few remaining savannahs of Quercus
garryana Dougl. (Garry Oak) Fagaceae. Vitousesk (1986) also concluded that the negative
impact on ecosystem characteristics was less clear for invasion by species of the same life
form. Some studies confirm that exotic species introduced for revegetation purposes on
prairie sites and disturbed forested land inhibit growth of native species (Younkin and
Martens 1987, Wilson 1989).

It is not only lands purposely reseeded with introduced species that are the victims of
the exotic invasion. Phleum pratense L. (timothy) Poaceae, introduced from Eurasia, has
partly naturalized near settled arcas and is now found throughout much of B.C. (MacKinnon
et al. 1992). As a consequence of this invasion, for example, native plants now do grow in

places currently occupied by timothy.

1.3 Use of agronomic species for revegetation

Initially, domesticated grasses and legumes of European and Asian origin (commonly
called “agronomic species’) were used for revegetation work in North America. Many
species were used simply because farmers, seed growers and agronomists had experience
with them for pasture improvement and hay production. These species include common
forage plants such as Bromus inermis Leys (smooth brome) Poaceae, Phleum pratense, and
Trifolium spp. (clovers) Fabaceae. To rehabilitate prairie farmland and grassland devastated
by drought in the 1930°s, Agropyron cristatum (L.) Gaertn. and A. desertorum Fisch. Ex Link
(crested wheatgrasses) Poaceae were widely sown because they germinated well, were

drought tolerant, grew rapidly, and were readily available (Looman and Heinrichs 1973).




Today, a standard seed mix of agronomic grasses and legumes is still widely used to
revegetate land disturbed by farming, grazing, forestry, road construction, industrial activities
and urban expansion as well (Hardy BBT 1989, Agriculture Canada 1991, Schwab 1991,

Drinkwater 1993).

In B.C., where there is much degraded land in need of revegetation, thousands of
hectares of roadsides, grazing lands, mine spoils, clear-cuts and other disturbed sites are
revegetated annually using domesticated grasses and legumes (Drinkwater 1993, B.C.
Ministry of Forests 1995). Grass (Poaceae) species typically used include Agropyron
cristatum as well as other Agropyron (wheatgrass) species, Bromus inermis and other
bromes, Phleum pratense, Festuca spp. (fescues). Poa spp. (bluegrass), Agrostis stolonifera
L. (redtop bentgrass), and Dactylis glomerata L. (orchardgrass). The legume (Fabaceac)
component consists primarily of Melilotus spp. (sweetclovers), Medicago sativa L. (alfalfa)
and Trifolium spp. (Hardy BBT 1989, Agriculture Canada 1991, Drinkwater 1993). Other
plant families such as sedges (Cyperaceae) or composites (Asteraceae) never appear in

agronomic seed mixtures.

1.4 Use of native species for revegetation

Maintaining ecosystem integrity (composition and diversity) is an important issue in
public land management across North America (Woodley ct al. 1993), partly duc to the
spread of exotic plant species. An imperative to understand and work with native species is
thus beginning to develop. Even though native plant species are not yet widely used for
revegetating degraded lands, the reestablishment of natural vegetation has long been a

fundamental principle of ecosystem restoration (Jordan et al. 1990). To this end, information




about the propagation and growth of native species is beginning to accumulate. The results
of this research, and increasing practical experience, suggest that native species should and
could be used in place of domesticated grasses and legumes for erosion control, slope
stabilization, restoration of soil structure and productivity, and other revegetation purposes
(Darroch 1994). For example, Brown and Johnston (1980) found introduced species began
to decline after three growing seasons at high altitudes, while native species increased in
vigour and rate of spread once they were established. Thornburg (1982) and Hardy BBT
(1989) reported that many native plant species are adapted to lower nutrient conditions and,

as a result, grow on degraded sites without the frequent use of fertilizer.

Native plants used in revegetation not only perform specific functions, but also help
maintain ecosystem biodiversity. They provide natural habitat and food for native animal
life, such as browsers, pollinating insects, and songbirds. To people who are concerned
about biodiversity, conservation and "a sense of place," plants indigenous to the region are

also more aesthetically pleasing and culturally appropriate.

Despite these important values, native plant species are rarely included in revegetation
projects, partly due to their high cost and limited availability (Joyce 1993). These barriers
are difficult to overcome, because the high cost of native plant seed results partly from its
lack of availability, and its scarcity is the result of high costs for collection or production of
native seed. Because the seeds are not readily available, they are not widely prescribed and
used. Furthermore, because they are not widely used, research on agronomic and restoration

practices associated with the use of native species is not carried out.

If ecosystem restoration using native species is to replace the current practice of

revegetation with agronomic varieties, then the seed must be readily available at reasonable




prices (Vaartnou 2000). Since seed from plant species native to B.C. is not widely used, little
is known about their germination rates, appropriate seeding densities, growth requirements,
and optimal seeding times. These factors must be better understood before native seed can

be effectively used for revegetation on a large scale, even if it were widely available.

1.5 Soil amendments

Successtul revegetation of a disturbed site depends not only on the composition of a
seed mixture but also on site conditions. Often the physical and chemical properties of the
soil are not suitable to support any kind of vigorous growth and need to be remedied.
Common amendxﬁents include peat moss or manure to improve organic matter content and
soil structure, lime to raise the pH, and fertilizer (whether organic or manufactured) to
supplement nutrients (Bradshaw 1987). There are currently no clear guidelines regarding
fertilizer use in revegetation projects with native species. When restoring grasslands to
native species, the addition of fertilizer is generally discouraged, since the aggressive growth
of annual weeds is associated with nutrient-rich soils (Huenneke et al. 1990, Wilson and
Tilman 1993). The consensus is that weeds in the seed bank will grow more rapidly than
native species if fertilizer is added (Gerling et al. 1996). Likewise, fast-growing agronomic
species (already present on most revegetation sites) respond strongly to fertilizer. It is widely
believed that native species are well adapted to grow and compete with exotic weeds and
agronomic species in nutrient-poor conditions (Hardy 1989, Thornburg 1982, Wilson and
Gerry 1995). Consequently, the use of fertilizer is often discouraged when attempting

restoration work with native plants.




However, Bradshaw (1987) suggests that when attempting revegetation of severely
degraded sites with little or no topsoil, the addition of nitrogen (N) is always beneficial and
the addition of phosphorus (P) and potassium (K) is often beneficial. Presumably, the issue
of the growth of exotics does not apply on these severe, nutrient impoverished sites (e.g.,
mine spoils), where there is probably no sced bank of exotic species or established sod of
domestic grasses to take advantage of the enriched soil conditions. On disturbed high-
elevation sites, Brown and Chambers (1990) likewise recommend the use of fertilizer,
although they suggest that the response to fertilizer is species-specific and that individual
species response needs to be considered when developing a seeding mix. It remains to be
seen whether a particular combination of native plants, growing on typical disturbed sites in

northern B.C., would benefit or suffer from fertilization.

1.6 Season of seeding

The scasonal timing of seeding is considered to be important in the successful
establishment of vegetation on degraded sites (Brown and Johnston 1980, Chambers 1989,
Gerling et al. 1996). For some native species and under some site conditions, fall seeding
will be beneficial because the seeds can be naturally stratified' during winter conditions and
will be in place to grow as soon as conditions are suitable for germination in the spring
(Vartnou 1982, Brown and Chambers 1990, Burton 2002). For different species and
different site conditions, spring seeding will be preferable (Gerling et al. 1996). For any

particular site, or perhaps just for any particular climate, it needs to be locally or regionally

' Terms with a *1” superscript are defined in Section 1.8.
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determined whether a particular mixture of native plant species would establish better if

sown in the spring or fall.

1.7 Purpose of this research

The research project reported in this thesis developed as a consequence of another
project, funded by Forest Renewal B.C., carried out by Symbios Research and Restoration
from 1996 to 2001 (Burton and Burton 2001). The goal of the original project was to
develop reliable sources of native grass and legume seed at competitive prices for use in
ecosystem restoration while maintaining a higher level of genetic variability than is usually

found in cultivated varieties (Burton and Burton 2002).

The ideas for the rescarch reported in this thesis were developed when monitoring the
results of revegetation trials using native plant seed produced in the Symbios project. In
almost all of the plots (269 25m” plots distributed among 24 sites) the plant cover achieved
was abysmal. In these trials, the standard agronomic recommendations for density, seasonal
timing and fertilizer (Drinkwater 1993) were used since there was little information on native
species. It was difficult to determine why such poor cover results were achieved without
more systematic trials. This thesis was undertaken to address these practical issues.

Specifically, the goals of this research are:

e To review literature concerning seeding densities, the use of fertilizer, and season
of seeding for both agronomic and native species;
e To test different seeding densities for a mixture of some promising native

herbaceous plant species (Table 1);



o To test the effects of a single application of fertilizer on a mixture of promising
native herbaceous plant species;
» To compare the effectiveness of spring versus fall seeding on the establishment of

a mixture of promising native herbaceous plant species; and

» To test for the interaction of fertilization and the season of seeding on different

seeding densities using a mixture of promising native herbaceous plant species.

Table 1. Species composing the seed mix used for this project.

Species Authority Common Name Family
Achillea millefolium L. COMMON yarrow Asteraceae
Carex aenea Fern, bronze sedge Cyperaceae
Elvmus glaucus Buckl. blue wildrye Poaceae
Festuca occidentalis Hook. western fescue Poaceae
Geum maerophyllum Willd. large-leaved avens  Rosaceae
Lupinus polyphyllus Lindl large-leaved lupine  Fabaceae

In pursuit of these goals, the following corresponding hypotheses were developed for
testing in a field experiment:

o HI: Greater plant cover will be provided by high seeding densities.
o Rationale: more seeds produce more plants, more plants produce more cover.

e H2: Seeding at low densities will not provide adequately high (e.g., >50%)
levels of cover.
o Rationale: each plant species typically has a maximum size per individual;

low densities of plants may not cover most of the available ground space.

e H3: Application of a complete (balanced N-P-K) fertilizer will increase in cover
at all densities.
o Rationale: fertilizer will add key nutrients to the soil; increased nutrient

availability will increase overall growth of all plants.
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e H4: A low density treatment with fertilizer will provide cover equivalent (or
higher) than a high-density treatment without fertilizer.
o Rationale: The fertilizer will enhance growing conditions sufficiently for a
few plants in the fertilized plots to grow bigger and provide equal or greater

cover than a larger number of smaller plants growing in unfertilized plots.

e H5: Fall sceding will result in higher levels of seedling emergence' in the first
growing season than spring seeding.
o Rationale: the seeds will be naturally stratified over winter and will be in
place to take advantage of favourable conditions for growth early in the
spring. |

o H6: There will be lower weed cover in the most densely sown plots.

o Rationale: As more seed is purposefully introduced, there will be less

growing space and resources available for other plants

»  H7: Fertilizer will increase the cover of exotic species, especially at low sown

densities.

o Rationale: Most agronomic and weedy species are considered more

responsive to high nutrient conditions than native species.

Based on these hypotheses, the overall null hypotheses is that there will be no
significant difference in plant densities, emergence? rates, or total plant cover related to

seeding density, fertilizer treatments, the season of seeding, or their interaction.

' Terms with a 17 superscript are defined in Section 1.8.
* Terms with a 17 superscript are defined in Section 1.8.
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None of these issues have yet been thoroughly examined, since using native species for
revegetation purposes in B.C. remains a relatively novel and minor component of land
management. Thus, this research will contribute significantly to our knowledge and
understanding of seeding with native species for ecosystem restoration, especially for the

northern part of the province.

1.8 Definitions

Throughout this thesis, the following words are used specifically as follows:
agronomic or domesticated species -- plants that have been cultivated for a long period of
time, typically for agricultural (seed, forage, or hay production) purposes; these species are
usually of Eurasian origin, the products of selective breeding.
emergence — appearance of a newly germinated seedling above the soil surface; when
numerically expressed refers to count per unit area of seedlings observed divided by the
density of seeds sown there.
native species — as defined by the California Native Plant Society "...any plant which is a
member of a species which was present at a given site prior to European contact". (Smith
and Winslow 1999),
plant density — observed (counted) number of plants per unit area (a 0.25m’ quadrat in this
thesis).
pure live seed (PLS) -- the amount of living or healthy seed found in a seed mix or applied
to an area of ground, excluding non-viable seeds, weed seeds, chaff and other impurities.
Specifically, PLS is calculated on the basis of laboratory analysis of a given seed lot, where

PLS = # of seeds x % germination x % purity.
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revegetation includes the establishment of plants for the purposes of:

e reclamation -- the process of returning land to its fohrmer or any other productive

use (Powter 1994).
e rehabilitation -- the creation of an ecosystem with a structure and function that

improves upon a degraded state, but is different from the original system (Gerling
etal. 1996).

e restoration -- the process of establishing the ecological characteristics of a site
which existed prior to land disturbance or degradation (Gerling et al. 1996).
stratification of seeds — the breaking of seed dormancy under natural or artificially imposed
circumstances by exposing seeds to prolonged cold (usually 0 to 5° C) under conditions
sufficiently moist for them to be physiologically active. Many temperate and northern

species require stratification of their seeds for germination.
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Chapter 2 Literature Review

2.0 Introduction

There is no single answer to the question of how revegetation of degraded sites should
be carried out, because degradation of ecosystems is a complicated process and its reversal is
difficult. Different kinds and intensities of disturbance on a variety of sites result in diverse
growing conditions and restoration challenges. As a result, there are many approaches to
revegetation, dependent upon site-specific history, conditions, and goals. On some sites
revegetation will be accomplished using seedling transplants or cuttings, whereas other sites
can be revegetated with seed, either native or non-native. The focus of this review is related
to revegetation with native seeds.

Regardless of site characteristics, there are fundamental issues to consider before
effective revegetation can occur. These include plant growth and competition for space, how
these factors are affected by seeding density, soil fertility and time of seeding. This chapter

reviews the literature pertaining to these issues, focussing on treatments tested in this project.

2.1 Plant demography theory

The question ot optimal plant density is a major component of this research. There are
many factors to be considered pertaining to how much seed per unit area should be sown and
what density of seedlings and mature plants will result, so the implications of seed and
seedling density are discussed at some length. Plant demographic theory and research is not
specifically tested in the research described in the following chapters, but is discussed here to

emphasize the importance and complexity of seedling density in stand establishment. Most
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early research related to density-dependent plant mortality describes intra-specific
interactions, but since natural populations are usually mixtures of species, later research

included interactions between two or more species.

Early studies on the density of seedlings were not related to the revegetation of
disturbed lands but were attempts to explain plant demography, intra-specific competition
and population ecology. In 1928, Sukatschew (fide Harper 1977) noted that natural self-
thinning of seedlings occurred in fir Abies sp. (fir) stands, where plots with the highest
density had the greatest mortality. Similar patterns of self-thinning in trees had been noted
and manipulated by foresters since the early 1800’s (Fernow 1913). Sukatschew, influenced
by these findings, however, designed an experiment with a native annual, Matricaria
inodora, L. (scentless chamomile) Asteraceae to examine the phenomenon with smaller
plants and in a controlled setting. The results of his experiment suggested the universal
nature of what he had observed in the fir stands: that plots with the highest plant density had
the highest mortality (Harper 1977).

The same phenomena were observed in animal populations, where it was found that the
mortality rates increased as population density increased. As a result of these wildlife
observations, H.S. Smith coined the term density-dependent mortality in 1935 to describe the
increased risk of death when density increased in animal populations. This term and the term
“self-thinning”™ have since been used to describe mortality related to high density in plant
populations as well (Harper 1977). Density-dependent mortality, then, can be considered an
extreme form of competition. This competition is one reason that increased plant cover does

not always result from the addition of more seeds to a given area of ground. Depending on
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site conditions, there is a point where the emergence of too many seedlings will merely result
in the death of additional plants.

The mechanisms of plant density dynamics are not simple. Donald’s (1951) research
suggested that plant density is related to variation in the growth of individual plants. He
experimented with seven different densities of Trifolium subterraneum L. (subterranean
clover) Fabaceae and concluded that, over time, changes in mean plant weight compensate
for changes in density. That is, regardless of density, the biomass of a given population, if it
fully occupies the site, remains the same: there will either be many small plants or few big
plants. Subsequent work by other researchers indicated that this relationship holds true for a
wide range of species. Kira et al. (1953 fide Harper 1977 described this relationship as the
“law of constant final yield.”

Later, Shinozak and Kira (1956 fide Harper 1977) described the "reciprocal yield law"
in reference to density-dependent mortality. It is also known as the self-thinning law when
referring to intra-specific relationships. The reciprocal yield law describes an intra-specific
linear relationship (when plotted on logarithmic scales) between mean plant weight and
density, such that for every increase of two logarithmic units in mean plant density, mean
plant weight declines by a corresponding three logarithmic units. That is, the more plants
that are growing, the smaller the size of the plants. During the course of stand development,
total plant weight will increase so long as growing space is available or so long as density 1s
falling as a result of self-thinning. Similar results (known as “alien thinning”) have been
achieved in density experiments with two or more species, but the rate of mortality was
usually greater in one species than the other(s) (Harper 1961, Bazzaz and Harper 1976).

Regardless of the number of species in a population then, the results of these experiments
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suggest that, once growing space is fully occupied, whether by a few large plants or many
small ones, a given site will usually produce a fixed amount of biomass, hence the law of
constant yield.

Silvertown (1984) expanded the explanation of density self-control in plants. He
viewed populations as having self-regulating mechanisms, which he described as density-
dependent mortality and density-dependent fecundity. According to Silvertown (1984), these
mechanisms ensure that populations remain relatively stable in the number of individuals
regardless of environmental fluctuations. The density-dependent mortality factor relaxes as
population density declines and thus slows down any decrease in populations. When
populations increase, the density-dependent factors lead to the decline of an increasing
number of plants, reducing a wide range of seedling densities to a smaller range of adult
densities, within a single generation. Density-dependent fecundity helps to regulate density
by controlling the number of fertile seeds produced in a given population, thereby affecting
the number of adults in the next generation.

These “laws” and mechanisms appear to hold true in nature, in both wild and
cultivated stands of plants. But despite their predictability, these and other laws of nature do
not “control” density in populations; they merely describe it. It could be said that local
conditions, including site characteristics, density and the composition of species on hand, as
well as the physiological and genetic traits of those species, ultimately determine competitive
outcomes and stand productivity. Together, these factors set limits to overall stand
productivity, biomass, and the number of plants that will survive on a given site (Gross 1984,

Grace 1990, Wedin and Tilman 1993, Halpern et al. 1997). Therefore, plant populations
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growing on any particular site can be described as integrated systems, reacting to a variety of
intrinsic and environmental factors.

From plant demographic theory, then, it is evident that individual seedling growth
within any population is governed by seedling density. Whether a particular seedling density
is conducive to the establishment of a healthy plant community depends on site conditions as
well as species traits, and genotypic variation within and among the species growing at any
given site. But the achievement of constant yield (and presumably full or constant cover)
depends on achieving full site occupancy. That is, in order for the law of constant yield and
the self-thinning law to come into effect, some minimum number of plants must be in place
so that they fully occupy the growing space. If only a few plants are in place and they do not
fully occupy the site, they may grow to full size without providing full cover. But once that
critical density and full cover are achieved, any additional plants will likely be small and
most will die. Consequently, one must assume that when revegetating a site, there is a
seeding density that will be most stable or efficacious for that particular site. Determining
that optimum density is a key issue: how can full cover be achieved without using an excess

number of seeds that will only die upon establishment and be wasted?

2.2 Seeding density research

There arc a variety of experiments reported in the literature that examine different
factors as they interact with density to influence plant populations. For example, Sukatschew
(1928 fide Harper 1977) worked with Matricaria inodora and Yoda et al. (1963 fide Harper
1977) worked with Erigeron canadensis L. (Canada fleabane) Asteraceae. Their experiments

manipulated fertilizer treatments to mimic rich and impoverished sites. Results of their work
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clearly demonstrated what has come to be known as the "Sukatschew effect” where self-
thinning is most intense on highly fertile plots (Harper 1977).

Harper and Chancellor (1959) conducted a complex set of experiments with five
Rumex species (family Polygonaceae) at two densities, in two soil types, under three
experimental moisture regimes. They examined how physical and biotic variation determines
the success or failure of closely related species in terms of emergence, size and seed
production. Their results suggest that although the negative effects of high density on mean
plant performance is universal, the exact relationship varies with species and with resource
availability.

Bazzaz et al. (1982) studied the survival of Phlox drummondii Hook. (annual phlox)
Polemoniaceae in crowded populations under conditions of high and low soil fertility. From
the results of two separate experiments with this species, one with ten different cultivar
populations and the other with a natural population, they concluded that survival in dense
populations is determined by genetic identity (i.c., the cultivated variety or natural population
from which it was derived) as well as external environmental factors.

Jacobson et al. (1994) described an approach to revegetation that they call “sculptured
seeding.” This approach is based on increasing seeding density on sites with increased soil
moisture. In 1981 and 1982, previously cultivated fields were first sown with a base mixture
of native grasses at a rate of 300 PLS/m’. Wetter areas of the site were then sown with a
supplemental mix of three additional native species at a rate of 86 PLS/m”. The authors
reported that this kind of selective seeding resulted in excellent stand establishment on both

sites, but they did not explore the mechanisms involved. Success may have been due to the
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fact that the three additional species were well adapted to moist sites, or to the fact that total
sown density at moist sites was higher than at the drier sites.

Fairey and Lefkovitch (1995) examined seed production of Festuca rubra .. var.
rubra (creeping red fescue) Poaceae as it related to seeding density and row spacing. They
found that a moderately high density of well-spaced plants is required to promote optimal
formation of filled seed-heads, but that very high density is detrimental to subsequent
formation of the seed-heads and to overall seed yield.

Stevenson and Wright (1996) studied sced yield in Linum usitatissimum L. (flax)
Linaceae at three different seeding densities and row spacings in the presence and absence of
broadleaf and grassy weeds. Broadleaf weeds included Chenopodium album L. (lambs
quarters) Chenopodiaceae and T'hlaspi arvense L. (stinkweed) Cruciferae. Weedy grasses
(Poaceae) included Hordeum vulgare L. (barley) and Avena fatua L. (wild oats). When
weeds were present, increasing seeding density improved seed yield and decreased weed
yields. Under weed-free conditions, seed yield was not affected by density sown. Seed yield
was highest at the closest row spacing in the absence of weeds, but not in the presence of
weeds.

These studies collectively demonstrate that the reciprocal yield law affects the ability
of plant stands to produce cover, biomass, or seed, and that density-dependent mortality 1s a
factor in controlling population density. They also show that a variety of external factors

interact with density to exert control on plant survival and growth.
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2.3 Seeding density prescriptions
Understanding exactly how much seed 1s actually used in any one seeding prescription
described in the literature can be a confusing issue, depending on the units of measurements
that are used. The density at which seeds are applied to the land is usually called the "seeding
rate," which is synonymous with seeding density and has nothing to do with the speed of

application. Seeding rates can be given in kg/ha, Ib/acre or pure live seed/m’ (PLS/m’).

When drill seeding is employed, the overall number of seeds per unit area may not be
specified at all: rather, row spacing (between seeder discs) and the density of seeds per metre
or foot of row are sometimes reported and sometimes not, further making conversion to an
arca basis difficult.

"Pure live seed" (PLS) is the amount of live or healthy seed found in a seed mix or
applied to an area of ground, excluding non-viable seeds, weed seeds, chaff and other
impurities (see Section 1.8). Specifically, PLS is calculated on the basis of laboratory
analysis of a given seed lot, where PLS = # seeds x % germination x % purity. Itis
particularly useful for prescriptions of native seed, where germination rates and seed-lot
purity can be variable.

Recommended seeding densities with agronomic species differ according to the reason
for seeding, and the seeding method to be employed. However, from the literature reviewed,
it is difficult to determine whether densities have been derived from rigorous experiments
that included replication, controls, a wide range of treatments and statistical analysis. Rather,
it appears that seeding densities are prescribed based on historical usage and a few “rules of
thumb” which have been adjusted following observation or trial and error, most of which has

largely remained undocumented and unproven.
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For agricultural purposes, seeding densities are more or less standard with little or no
rationale provided for the recommendations. Suggested densities for grasses range from 2 to
11 kg/ha (55— 1200 PLS/m?) for seed production and 5 to 14.5 kg/ha (188 — 1560 PLS/m?)
for forage production. Recommended densities for legumes range from 1 to 11 kg/ha (39 —

388 PLS/m’) for seed production and 4.5 to 45 kg/ha (79 — 355 PLS/m?) for forage

production (Agriculture Canada 1991). These wide ranges in recommended densities,
specified as kg/ha, for grasses or legumes is partly due to the range of seed sizes within any
of these groups. A standardized and widely accepted approach to seeding for agricultural
purposes is understandable since this kind of seeding is carried out under fairly uniform
conditions. The soil is generally well prepared, fertilizer is applied on the basis of soil testing
in order to achieve recommended fertility levels, and cultivars with reliable germination are
sown. Klaus Broersma (pers. comm. 2000) suggests that agronomic seeding densities are set
for convenience, usually at a high rate to cover all types of seeding methods. He further
comments that seed companies may inflate recommended densities in order to increase the
amount of seed they sell. Since grass and legume seeding for agricultural purposes and
forage production has been carried out in British Columbia for over 60 years, recommended
densities now simply seem to be accepted.

According to Drinkwater (1993), seeding density prescriptions with agronomic species
vary depending on the goal for seeding (e.g., for erosion control, range improvement,
silvicultural enhancement, or non-crop vegetation control) and the method of application.
Seeds can be sown either by drill seeding or a variety of broadcast seeding methods. In drill
seeding, seeds are inserted directly (by spouts from a seed box) into the soil in rows created

by machine-mounted discs, a method rarely used in revegetating industrial disturbances or
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rough terrain. Different broadcast methods of sowing include hand spreading, the use of
manual cyclone seeders or ‘“‘seed slingers,” cyclone seeders attached to an all terrain vehicle
(ATYV), air-blown seeders, hydroseeding (broadcast seeding in a slurry of water, fertilizer,
mulch and sometimes a "tackifier" that essentially glues seed onto steep slopes), and seeding
by helicopter.

Broadcast seeding of agronomic species does not use seed as efficiently as drill seeding.
Holechuk et al. (1998) suggest that broadcast seeding should be avoided because many of the
seeds are left on the soil surface. As aresult, germination and seedling establishment are
unreliable and two to four times the amount of seed is needed than would be needed with
drill seeding. Schwab (1991) recommends rates for hydroseeding that are approximately
three times those recommended for dry seeding. The need for more seed in hydroseeding,
compared to dry seeding, may be due the fact that some seed remains perched on top of the
mulch, rather than under it, and so seeds and seedlings may dry out and die. In addition, seed
is likely wasted because it lands on rocks, logs and other non-target surfaces, so revegetation
practitioners compensate by applying extremely high densities of seed.

Densities of grass and legume seeding for silvicultural purposes are frequently lower
than densities recommended for agricultural purposes because they are intended to
supplement other plants already growing on the site. Low rates may also be prescribed so
that natural succession to tree-dominated vegetation is not prevented through competition
from sown herbaceous species. Prescriptions for silvicultural seeding of grasses and
legumes are often species-specific, possibly because silviculture seeding is relatively new and
likely involves active experimentation. For example, one silvicultural seed mix recommends

Festuca rubra L. var. commutata (chewings fescue) Poaceae be sown at a density of 3.7




26
kg/ha (399 PLS/m?) with a mix of three legumes sown at densitics ranging from 0.7 — 3.9
kg/ha (91-277 PLS/m’). Silvicultural seeding densities are adjusted as results from research
and operational trials are evaluated (Drinkwater 1993, 1994).

Seeding for reclamation of deactivated roads and landings can be up to three times
more than densities recommended for agricultural and silvicultural purposes. Hardy BBT
(1989) recommends densities ranging from 250 to 2,000 PLS/m’ for grasses and 260 to 1,350
PLS/m? for legumes for reclamation purposes. These high densities may be considered
necessary because of generally poor growing conditions on most reclamation sites compared
to agricultural sites. The attitude may simply be that if research is lacking, when in doubt,
"more 1s better."

Seeding density given in kg/ha frequently has no reference to seed viability, seed size
differences among species, or species proportions in a mixture. According to Broersma
(pers. comm. 2000), the 1ssue of seed viability 1s not questioned for agronomic species
because seed quality and seed germination is reliably high, i.e. >90%. However, seed size is
an issue, regardless of seed viability. A general weight-based prescription is not adequate if
it does not specify the species to be used, and take into account the number of seeds per kg
for a particular species. For example, Phleum pratense has 2,700,000 seeds per kg, whereas
Bromus biebersteinii Roem. Schult. (meadow brome) Poaceae, with larger, heavier seeds, has
175,000 seed/kg (Hafenrichter et al. 1968). If a general prescription is made in kg/ha without
mentioning the species and taking seed size into account, a site may be sown too sparsely or
densely, or there may be an unintended asymmetry in species composition. Perhaps

practitioners are used to dealing with a standard seed mix (e.g., Schwab 1991), but this
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routine practice can lead to unbalanced and inadequate prescriptions when applied to new
situations (e.g. new combinations of species, a different climate, or particularly harsh sites).

Drinkwater's (1993) seeding recommendations are given in kg/ha, and are considered
the accepted standard for revegetation on public land in the Prince Rupert Forest Region.

Recommended seeding rates range from 4 to 80 kg/ha, depending on the seeding purpose and

the method of sowing. Drinkwater (1993) recognizes four broad categories for the use of
grass and legume seed mixtures on northwestern forest lands: silviculture, erosion control,
fire rehabilitation, and forage mixtures for livestock. He is not specific about a grass to
legume ratio, and species-specific weights or proportions in the mix are not delineated in any
of ten recommended mixtures.

Close examination of the literature reveals that mean seed weights and recommended
seeding densities are available by species, so prescriptions can be designed based on specific
seed weights. Agriculture Canada (1991) provides species-specific information in their

recommended seeding densities (Table 2) for agricultural purposes.

Table 2. Recommended seeding densities for agricultural and reclamation species.

Agricultural Agricultural  Reclamation Reclamation

Species Common name (kg/ha) (PLS/m?%) (kg/ha) (PLS/m?)
Bromus inermis smooth brome 9.0 104 9.0 254
Agropyron cristatum crested wheatgrass 8.0 249285 11.2-224 463 - 698
Agropyron intermedium  Intermed. wheatgrass 14.5 223 - 258 9.0 190
Bromus biehersteinii meadow brome 11.0 118-139 3.7 1.1-39.2
Elymus junceus Russian wildrye 11.0 219 9.0-11.2 341 - 425
Agropyron elongatum  tall wheatgrass 13.0 183 9.0-11.2 156- 195
Elymus trachveaulus slender wheatgrass 11.0 256 6.7-9.0 215-287
Phalaris arundinacea  reed canary grass 6.0-8.0 514 - 685 56-112 637-1222
Phleum pratense timothy 5.0-6,0 1000 - 1200 1.1 292
Medicago sativa alfalfa or lucerne 6.8 303 9.0-16.8 440 - 825
Mellilotus alba white sweet clover 11.0 535 11.2-16.8 618 - 967
Mellilotus officinalis vellow sweet clover 11.0 469 11.2-16.8 618 - 967
Lotus cornicnlatis hirds-foot trefoil 4.5 388 112-168 1071 - 1606
Onobrychis viciifolia sainfoin 22-45 79— 161 392-504 259-333
Trifolium pratense red clover not recomm, n/a 00-112 548 - 645

Data from Hardy BBT Ltd. (1989) for reclamation rates and Agriculiure Canada (1991) for agricultural rates
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Table 2 shows that, except for Phleum pratense and Phalaris arundinacea L. (reed
canarygrass) Poaceae, the recommended agricultural seeding rate is consistent among species
when expressed in PLS/m’, ranging from 118-285 PLS/m” for most grass species and 318 to
535 PLS/m’ for four of the five legume species. Timothy and reed canarygrass are prescribed
at double the general rate. This ditference may be because the seeds of both these species are
quite small and agronomists are reluctant to use a seeding density in kg/ha that would seem
too low. Alternatively, seedlings emerging from such small seeds may have a high mortality
rate.

For reclamation purposes, Carr (1980), Schwab (1991) and Drinkwater (1993)
suggest a combination of two to five common agronomic species. Their prescriptions for
reclamation applications, with a recommended ratio of grasses to legumes of 70:30 in wet
regions and 80:20 in dry regions, typically contain Festuca rubra L. (red fescue) Poaceae,
Agrostis stolonifera L. (redtop bentgrass) Poaceae, Secale cereale L. (fall rye) Poaceae,
Lolium perenne L. (perennial ryegrass) Poaceae, Trifolium spp. (clovers) Fabaceae, and other
agronomic species.

In contrast to the relatively uniform seeding density recommendations for agricultural
applications, densities for reclamation vary widely within and among species. These
variations likely reflect the many goals of reclamation and may indicate an understanding of
the broader differences in the survivorship and vigour of each species over a wide range of
site conditions. Legumes are routinely prescribed at a high rate in reclamation, usually to

provide nitrogen for depauperate soils.
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If seeding densities for revegetation purposes are calculated based on the results of
germination tests under lab conditions, densities may have to be adjusted upward since
germination rates and survival in the field are considerably lower than germination rates
under laboratory conditions (Bazzaz 1986). A study of Trifolium hirtum All. (rose clover)
Fabaceae by Martins and Jain (1979) further suggests that only ~12% of newly emerged
seedlings survive into the next growing season. Fenner (1985) generalizes that predation,
disease and competition generally contribute to high seedling mortality rates in the first year.
He also cites examples in which dessication is the main cause of seedling death, as do
Martins and Jain (1979) for the Trifolium hirtum population they introduced into annual
grasslands in central California.

Some researchers have offered broad recommendations for successful revegetation.
According to Broersma (pers. comm. 2000), a suggested goal for agronomic purposes is the
establishment is 215 seedlings/m*. For reclamation on slopes, Carr (1980) recommends
establishment of 70 to 80% cover in as short a time as possible. Townley-Smith and Wright
(1994) and Stevenson and Wright (1996) suggest that seeding rates should be increased on
weedy sites. Carr (1980) indicates that for reclamation purposes, dry seeding should be
limited to slopes of 2:1 (50% or 22.5°) or less, while slopes of 1:1 (100% or 45”) must be
hydroseeded. The B.C. Forest Practices Code “Soil Rehabilitation Guidebook™ (Anonymous
1997), however, recommends dry sceding only up to slopes of almost 3:1 (35% or 19.3°).
Ideally, seeding density rates should be decided based on the reason for seeding and site
characteristics (Hardy BBT 1989, Drinkwater 1993, Gerling et al. 1996).

Whether seeding for agricultural or reclamation purposes, with native or non-native

species, the best seeding density for successful revegetation must be site-specific because soil
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moisture, nutrients, compaction and slope stability vary from location to location. It is
unknown whether seeding densities are determined based on rules of thumb or on the results

of valuable local site-specific experience. To date, published research that relates to seeding

densities and how they were derived is sparse. The results of the research presented in this
thesis will contribute to the body of knowledge related to seeding density and therefore can

be used to guide decisions before revegetation work is undertaken.

2.4 Use of native species

The use of exotic instead of native species for revegetation purposes is becoming an
important area of research in conservation biology, restoration ecology, and sustainable land
management. Currently, vast stretches of logging roads, landings and mine tailings are being
seeded with readily available, highly successful exotic seed mixes, thereby promoting the
spread of introduced species across the landscape. It is widely acknowledged that the use of
native species is preferable for restoration purposes but its limited availability, high cost and
the tendency of many native species to establish slowly frequently precludes their use (Joyce
1993, Darroch 1994). Research related to the importance of using native species has only
been undertaken in the last 25 years, with most research in western Canada carried out in
Alberta.

A guide prepared by Hardy BBT Limited (1989) provides species information,
including recommended densities for some native grasses and forbs, as well as for shrubs and

trees, for reclamation projects in Alberta (Table 3). An examination of this manual reveals
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that the range of recommendations for sowing native seed is species-specific, probably

reflecting seed size, germination capacity and species aggressiveness.

Table 3. Seeding density recommendations for revegetation with species native to Alberta.

Seeding Rate  Seeding Rate

Species Common name (kg/ha) (PLS/m’)
Grasses

Bromus marginatus mountain brome 6.7-9.0 134 -178
Deschampsia caespitosa tufted hairgrass 1.1-2.2 495 - 991
Oryzopsis hymenoides Indian ricegrass 6.7-9.0 349 - 465
Phalaris arundinacea reed canarygrass 56-11.2 637 - 1272
Poa alpina alpine bluegrass 1.1 282
Stipa viridula green needlegrass 9.0-11.2 2583 - 3875
Trisetum spicatum spike trisetum 09-1.1 358 - 447
Forbs

Epilobium spp. willow-herb or fireweed 0.3 444
Hedysarum spp. Eskimo root 16.8 122

Source: Hardy BBT (1989).

Densities recommended in Table 3 are comparable to the densities recommended for
the agronomic species in Table 2. This is not surprising since they are derived from the same
source (Hardy BBT 1989). But it is unlikely that these densities are the results of rigorous
research, more probably they were extrapolated from agricultural species of the same genus,
stature or seed size. It should be noted that many other native species are listed in the Hardy
BBT (1989) manual, for which no seeding rate recommendations are included. The table is
short, considering the hundreds of native vascular species in Alberta. Clearly, there is still
much work to be done in determining the optimum seeding densities when using native seed
for restoration purposes.

The seeding densities listed in Table 3 are low compared to rates tested by Walker and
Harrison (1985) in their study to identify techniques and plant species suitable for

rehabilitation in the Canadian Rocky Mountains. Their seeding density x fertilizer trials,

e S




32
which included some native species, tested densities ranging from 538 - 50,000 PLS/m”.
Most remarkable is the use of Trisetum spicatum (L.) Richt (spike trisetum) Poaceae sown at
densities ranging from 8,334 - 50,004 PLS/m?, compared to Hardy BBT’s (1989).
recommendation of 358 - 447 PLS/m’ for this species. Walker and Harrison (1985) did not
give results on a single species basis, so it is not possible to comment on the effect of seeding
Trisetum spicatum at such a high density. However, they do conclude that high seeding rates
increase ground cover, but reduce plant vigour. Because some of the densities tested were so
high, it is likely that plants suffered from competitive stress and density-dependent mortality
(see Section 2.1).

Gerling et al. (1996) have produced an extensive guide on the use of native plants on
disturbed lands in Alberta. This guide provides useful information on site preparation,
seeding guidelines, and an extensive list of the characteristics and requirements of native
grasses and forbs. The issue of seeding density is only addressed in a superficial manner.
Hammermeister (1998) provides guidelines for seeding rates of native species in Alberta,
ranging from 150 to 500+ PLS/m’, depending on erosion risk, the surrounding plant
community, risk of exotic species invasion, seedbed, mode of seed application, expected
weed competition, and desired rate of cover establishment. Once again, however, no
replicated, controlled or published research is cited as the basis for these recommendations.

Pahl and Smreciu (1999) also produced a guide to growing native plants in Alberta,
intended for growers interested in the production of seed for use in restoration projects. It is
a comprehensive manual with information on seed characteristics, land preparation, seeding
methods, row spacing, timing of seeding and seeding density rates needed to produce a

successful crop of seed. Their guidelines for seeding density are based on seed germination
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information, but they were developed on the basis of drill seeding well-prepared land for
production of a seed crop, not densities for application to degraded land for cover production.

It is especially important to consider germination capacity when working with native
species, because native plant populations are variable and have not been selected for reliable
germination. In contrast, agronomic species reliably have a germination rate of >90%
(Hafenrichter et al. 1968, Broersma pers. comm. 2000). Native seeds are therefore more
likely to be prescribed in terms of PLS/m? so that the density of seeds likely to establish can
be controlled.

Preliminary field trials conducted by Symbios Research and Restoration in their native
plant project were designed to test seeding mixtures of grasses and forbs native to the

northern interior of British Columbia (Burton and Burton 2001). Seed was generally applied

as part of multi-species mixtures sown at 15 — 2,432 PLS/m’. Individual species densities
ranged from 5 to 286 PLS/m” (Table 4). After two years of monitoring, the mean emergence
of all species was only 5.6%. No test plot achieved the desired 215 plants/m” or 70% cover,
suggesting that much higher seeding densities are needed to achieve acceptable seedling
densities. Very high densities might be needed before density-dependent mortality could be
expected.

Table 4 does not evaluate the effects of total seeding density, but it nevertheless
demonstrates the very low emergence experienced on severely degraded sites. To counteract
low establishment rates after seeding on barren and compacted soils, seeding rates ranging
from 1,327 to 43,000 PLS/m? would have to be used, if any one of those species were
employed (alone) to achieve a desired plant density of 215 individuals per m” (as shown in

the last column of table 4). It is worth noting that the two agronomic species, Phleum
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pratense and Trifolium hybridum L. (alsike clover) Fabaceae, did not have the highest
emergence on these sites and so would not necessarily be the species of choice, if other
(native) seed was available.

Since Table 4 combines the results of a wide range of revegetation treatments, the early
Symbios results (Burton and Burton 2001 ) should be interpreted as guidelines for future
study rather than as recommendations for revegetation purposes. Seeding any species at a
density of 43,000 PLS/m”is likely to be impractical on an operational basis, and would
probably result in either incomplete germination or intense competition. When using native
species, even densities much over 1,000 PLS/m’ are "high" relative to widely recommended
seeding rates, and considering the relatively high cost and low availability of the seed.

Table 4. Summary of first-year seedling emergence from Symbios Research & Restoration field trials

conducted in 1998 and 1999 (Burton and Burton 2001). Species are listed in the order of emergence
success, which is used to determine recommended**sowing densities.

Average Average No. of Recom-
No. Plots  Density Seedling Yo* Desired mended**
Species Sampled Sown Emergence Emergence  Seedlings**  Density
(n) (PLS/m’) (plantsim®) (% of PLS)  (plants/m’)  (PLS/m’)

Elmus glaucus 115 110.3 17.9 16.2 215 1327
Festuca occidentalis 117 981 14.2 14.5 215 1483
Bromus ciliatis 34 587 7.8 13.3 215 1617
Achillea millefolium 133 124.9 14.1 11.3 215 1903
Elvimus trachycaulus 18 125.7 12.1 9.6 215 2240
**ETrifolivm hybridum 12 50.0 4.7 9.4 215 2287
Lupinus polyphyilus 32 44.7 2.4 53 215 4057
*2*¥Phleum pratense 6 174.0 6.4 3.7 215 5811
Geum macrophyvllum 64 33.1 1.2 3.6 215 5972
Lupinus arcticus 87 53.1 1.6 3:1 215 6935
Anaphalis margaritacea 106 71.1 1.2 1.7 215 12647
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