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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 therefore an 
important consideration in addressing all of these issues but there is little information regarding 
their use.   
 

In an attempt to fill gaps in knowledge related to the use of seed from native species, an 
experiment to test seeding densities, one-time fertilization application, the season of seeding and 
their interactions was established on six degraded sites in the northwestern interior of British 
Columbia.  Plots were established in 1999 (fall) and 2000 (spring) and monitored for cover and 
emergence in 2000 and 2001.  Results suggested that sowing density and fertilizer were both 
important considerations when attempting to revegetate degraded sites (Burton 2003).  Since 
research related to the use of native species is limited it was felt that further monitoring of this 
experiment could yield important information regarding the use of native seed and the plots were 
subsequently monitored in 2002 and 2003.  The best treatment combinations (>3000 PLS/m2, 
sown with fertilizer in the spring) did not change markedly over the years, though statistically 
equivalent results can be achieved with as little as 375 PLS/m2 if high cover is not needed in the 
first year.  Decreases in mean cover in Years 3 and 4 have suggested that repeated fertilization or 
increased use of legumes in the mixture would be needed to maintain high levels of cover. 
 
Objective 
 
Based on the results of preliminary evaluation conducted in previous years, the objective of this 
research project was to extend our knowledge on the long-term effects of using herbaceous native 
species for controlling erosion on exposed soil and for restoring plant community composition.  
The effective use of native species is becoming an important issue for site rehabilitation and 
restoration, and increased knowledge regarding the use of native species will improve market 
acceptability of B.C. forest practices and forest products.  
 

The objective for evaluating long-term effects of restoration sowing treatments was met 
through the re-monitoring of a field experiment established at six sites in northwestern B.C. in 
1999 and 2000 (Burton 2003).  Plots had been previously monitored for three years at the end of 
each growing season, and the data for the first two years had been previously analyzed.  Plots 
were subsequently monitored for another year.  After the fourth year of monitoring, data were 
analyzed with a view to refining the results of the original experiment in relation to the effect of 
density and fertilizer treatments on vegetation composition, erosion control and the control of 
exotic species.  
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Study Area 

Six replicate sites, degraded through industrial forest activities, road construction, log loading, 
log sorting or agricultural activity, were selected for broadcast seeding (by hand) in September 
1999 for an M.Sc. project designed to determine optimum seeding densities of a native plant 
mixture on degraded sites.  The main treatments at these sites consisted of all combinations of six 
seeding densities, with and without fertilizer, assigned randomly to twelve contiguous 2.5 x 2.5 m 
plots established in the fall of 1999, and then another twelve contiguous plots sown in the 
following spring at all six sites (see Burton 2003). 
 

The map in Figure 1 shows the geographical location of these six sites in northwestern B.C.  
These sites are referred to as: 

• Ptarmigan Road, Viewmount Road and Francois Lake located in the dry cool sub-zone of 
the Sub-Boreal Spruce biogeoclimatic zone (SBSdk); 

• Chapman Road in the moist cold sub-zone of the Sub-Boreal Spruce biogeoclimatic zone 
(SBSmc);  

• McKendrick Pass in the Engelmann Spruce-Subalpine Fir biogeoclimatic zone 
(ESSFmc); and 

• Nass Valley, in the Nass variant of the moist cold sub-zone of the Interior Cedar- 
Hemlock biogeoclimatic zone (ICHmc). 

 
All biogeoclimatic zone classifications follow Banner et al. (1993).   
 

 

 

Figure 1.  Location of the six research sites in northwestern B.C.  Generated using the on- line 
map creation utility available at www.aquarius.geomar.de/omc/. 
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The seed mix employed at all densities consisted of 20% Achillea millefolium L., 20% 

Carex aenea Fern., 20% Elymus glaucus Buckl., 20% Festuca occidentalis Hook., 16% Geum 
macrophyllum Willd. and 4% Lupinus polyphyllus Lindl., measured in terms of the proportion of  
pure live seeds (PLS) (Burton 2003).  
 
 
Methods 
 
In 2003, plots at all of the original sites were monitored for plant cover and density of sown 
species as they had been monitored for the previous three years.  This fourth year monitoring  
took place between September 2nd and September 12th.   As in the previous three years, 
monitoring of all 24 plots at each location was completed in one day.  Each plot was monitored 
using a 0.25m2 (0.5 x 0.5 m square) quadrat at three non-overlapping randomly selected spots.  
Sample locations were selected using random x,y coordinates generated using the RAND 
function of Microsoft Excel, version 7.  For each sown species, emergent seedlings were first 
counted, then, a percent cover estimate was noted.  All other species growing with the quadrat 
were also identified to species, counted and assigned a cover estimate.  A cover estimate of rocks, 
moss and litter was also recorded for each quadrat.  Within each plot, species that had gone to 
seed were noted.  
 
Data analysis 
 
As described in Burton (2003), this experiment is a three-way factorial balanced design (i.e., all 
treatment combinations were tested and there were the same number of replicates for all 
treatment combinations) replicated in six individual blocks.  Data from the three sample quadrats 
within plots were averaged before statistical analysis with replication provided by the six 
locations.  Collected data for four years were analyzed using the SAS procedure ANOVA, with 
error terms specified to accommodate the split block design.  The same model structure was 
applied for testing treatment effects on the following dependent variables: 

• total plant cover 
• cover of species groups (sown, exotics, native invaders) 

 
When ANOVA results revealed a significant density effect, a Tukey multiple comparison test 

was conducted to identify which density treatments differed significantly (at p=0.05) from each 
other.   To compare the significance differences between density treatments, for all four years 
combined, data were analyzed using a four-factor ANOVA, with year as the fourth factor.  When 
results indicated a significant effect between years (at p=0.05), a Tukey multiple comparison test 
was conducted to identify which densities differed significantly from each other. 
 
 
Results 
 
Effect of seeding density on sown cover  
 
In general, the trend noted in the first two years of the experiment continued into the third and 
fourth years.  There was greater sown plant cover in plots receiving the greatest amount of seed. 
When evaluated across all sites, fertilizer treatments and season of seeding, mean cover continued 
to vary significantly among density treatments for all years tested, with p values of <0.0001.  
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However, the cover of sown species in plots which had received the highest density (6000 
PLS/m2) began to decline after Year 2, when the highest mean cover (47%) was achieved.  By 
Year 3 and Year 4 mean cover at density of 6000 PLS/m2   was 38%, similar to the cover 
achieved in Year 1 (Figure 2).  Note that by Year 4 there is a general decline in cover, except in 
the control plot. 
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Figure 2.  Mean (+ S.E.M.) cover of sown species in response to density treatments summarized 
for all six locations, both fertilization treatments and both seasons of sowing (n=24). 
 

In all four years, the highest mean plant cover of sown species, under all treatment 
combinations, was consistently found in the spring-sown, fertilized plots.  The highest mean 
cover (62.3%) was achieved at the sown density of 6000 PLS/m2, in spring-sown, fertilized plots, 
in Year 2 (Figure 3). The highest cover at sown density of 3000 PLS/m2 was 51.9%, achieved in 
Year 3 (Figure 3). 
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Figure 3.  Year to year trends in the two optimal treatments, 3000 and 6000 PLS/m2, sown in the 
spring and fertilized. 
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In a final comparison of year-to-year differences (for all treatments combined), it was 

found that time (year) effects were highly significant (p<0.0001).  Sown cover peaked in Year 3, 
with Year 4 sown cover significantly lower.  Evaluated over all years combined, mean cover still 
varied significantly among density treatments, with p<0.0001.  Sown density of 6000 PLS/m2 

provided the best cover.  However, Tukey results reveal that cover achieved with this high 
density is not significantly different from sown density of 3000 PLS/m2 (Figure 4).  It is also 
worth noting that all seeding densities between 375 and 3000 PLS/m2 are able to achieve a 
statistically equivalent level of cover (Figure 4). 
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Figure 4: Mean cover of sown species combining all four years summarized for all six locations, 
both fertilization treatments and both seasons of sowing (n=144).  Densities with the same letters 
are not statistically different from one another. 
 
Effect of fertilizer on sown cover 
 
Mean sown plant cover varied significantly between fertilizer treatments in the first three years, 
across all sites, density treatments and seasons of sowing.   Mean cover of fertilized plots was 
29% in Year 1, significantly greater than the 11% achieved in the non-fertilized plots (Table 1 
and Figure 5).  In Year 2 fertilized plots achieved a mean cover of 35%, significantly greater than 
the 21% achieved in the non-fertilized plots (Table 1 and Figure 5).  In Year 3, the cover in the 
fertilized plots was still significantly greater than the cover achieved in the non-fertilized plots 
(Table 1 and Figure 5).  By Year 4 however, the cover achieved in the fertilized plots was no 
longer significantly greater than the cover achieved in the non-fertilized plots, suggesting that the 
benefits of the fertilizer have worn off.  
 

Table 1.  Summary of % cover for fertilizer treatment Year 1 through 4 
Yea ent    r Fertilizer Treatm
N=7 iliz E tiliz E.M. P 

 over  over   
2 Fert er S. .M. No Fer er S.

% c % c
1 29.0 3.1 11.4 1.5 001 
2 34.9 3.1 21.0 3.0 001 
3 35.9 2.9 25.7 2.8 001 
4 28.6 2.3 25.1 2.4 195 

<0.0
<0.0
<0.0
0.1
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Figure 5:  Mean (+S.E.M.) cover of sown species in response to fertilization treatments, 
summarized for all six locations, six density treatments and both seasons of sowing, n=72 
 
 
Effect of seeding density on exotic plant cover 
 
In general, exotic plants were less abundant where more native seed had been sown, throughout 
the four years of the study.  Significance values for exotic cover responses to density treatment 
for each year are listed in the Table 2, with mean cover values under each treatment portrayed in 
Figure 6. 
 
 

Table 2:  Significance values for the effect of sowing density on 
exotic cover for each year.  

Year F P 
Year 1 F5,55=0.38 0.8614 
Year 2 F5,55=4.20 0.0026 

Year 3 F5,55=5.78 0.0002 
Year 4 F5,55=6.14 0.0001 

 
 

In Years 2 to 4, mean cover of exotic species varied significantly among density 
treatments (Table 2), with generally higher weed cover at the lower seeding densities (Figure 6).  
Exotic cover declines both over time and with higher seeding densities.  Note, that even in Year 
1, seeding densities > 3000 PLS/m2 have less exotic cover than that found three or four years 
later in untreated (0 PLS/m2) plots, suggesting that the density of seeding native plants can play 
an important role in control of exotic species. 
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Figure 6.:  Mean (+ S.E.M.) cover of exotic species in response to density treatments, 
summarized for all six locations, both fertilization treatments and both seasons of sowing. N=24 
 

Tukey results reveal that by Year 4 there was significantly less cover of exotic species in 
plots sown to >750 PLS/m2   but that, similar to the results in Year 2 (Burton 2003), sown 
densities  >3000 PLS/m2 were still the best treatments for exotic control. 
  
 
Discussion and Recommendations 
 
Effects of density and fertilizer treatment on sown cover 
 
Generally, there was higher cover in the most densely sown, fertilized plots.  These results are not 
surprising -- if more seeds are sown, more are likely to germinate and grow, at least until all 
available space is taken up.   Similarly, it is not surprising that fertilizer had a positive effect.  It 
has been well established that when judiciously applied fertilizer, enhances plant growth on 
degraded sites (McKell 1982, McCaughey and Simons 1996, Bulmer 1998).  Considering the 
gradual decline in cover after Year 2, it seems that the benefits of fertilizer lasts somewhere 
between two to four years, peaking in the second year.  These findings are consistent with those 
of other researchers who suggest that fertilization can be effective for anywhere from three to 
seven years (Dyrness 1975, Walker and Harrison 1985, Ziemkiewicz 1985, Schwab 1991).  
Dyrness (1975) suggests that seeded roadsides should be re-fertilized every four to seven years.  
His studies in Oregon showed that plots that were initially fertilized had 91% cover three years 
after seeding, 10% cover five years after establishment, but 95% cover one year after re-
fertilization in year seven.  It is therefore recommended that sites be re-fertilized at least once, 
sometime between three and seven years after sowing.   

 
The highest cover for sown species was only 62.3% (Figure 3), achieved in Year 2 in the 

spring, fertilized plots, at a sown density of 6000 PLS/m2.  Thus the plots did not even achieve 
the cover of 70% recommended by Carr (1980) for erosion control.  Even when considering all 
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species found growing in the plots (sown, exotics and native volunteers) the highest cover ever 
achieved was 68.1% in the first year and this cover consistently declined after that peak. 

 
So is 62% cover sufficient for a level site, or is more needed?  There are few specific 

recommendations in the literature for minimum acceptable cover when revegetating bare 
degraded sites on level terrain.  For the establishment of seasonal cover and conservation 
purposes, including erosion control, soil moisture management and weed control, the 
U.S.Department of Agriculture Field Office in Connecticut suggests that a combined canopy and 
surface cover of at least 60% is necessary (Anonymous 2001).  A cover of 20% to 30% plant 
residue is said to reduce erosion by 50% on agricultural sites (Dickey et al. 1986).  On mine sites 
in Australia, it is believed that a cover of 50% will reduce soil loss to very low levels, whereas at 
other sites at least 70% cover is necessary (Grigg 2001).  Apparently these different 
recommendations for mine sites can be explained by the known interaction between slope and 
plant cover.   Bugg et al. (1997) suggest that the 25% cover achieved in their roadside native and 
non-native grass monoculture trials is adequate for cover on roadsides and other rights of way in 
the Sacramento Valley of central California.   

 
This poor performance in terms of cover generation is likely related to the compacted 

nature of the sites, rather than to effects of sowing density or fertilizer treatments.  In a 
revegetation project using native seed, conducted by Symbios Research and Restoration at 
Babine Mountains Provincial Park in northwestern British Columbia, an average mean cover 
>50% cover was achieved after one growing season using a sowing density of 1563 PLS/m2 but 
the site was seeded immediately after the gravelly soil was moved onto the site.  There was 
therefore no soil compaction, so seed germination and root and shoot emergence could proceed 
more easily (Burton 2002).  Previous trials on compacted sites with similar soils were not so 
successful (Burton and Burton 2001).  Other researchers (Brown and Chambers 1989, Maslen 
and Kershaw 1989) have also found that compaction, as well as moisture stress, are limiting 
factors to plant growth.  Therefore it is recommended that seeding be carried out on sites that 
have been decompacted, immediately after industrial activities have ceased. 

 
 

Effects of density treatments and fertilizer on exotic cover 
 

The results suggest that seeding native species helps to control invasion by exotics.  Exotic 
species present on the sites consisted primarily of perennial weeds, agronomic grasses, as well as 
some annual weeds (Burton 2003).  Although exotic species grew strongly in the first year, by the 
second year exotic annuals began to decline, while cover of sown native species continued to 
increase (Burton 2003).  This trend continued in Years 3 and 4 (Figure 6).  The relationship 
between plant density and exotic control has not yet been widely studied, so the findings reported 
are important, especially considering that the results were achieved with a mixture of native 
species. These results are consistent with the findings of Lavorel et al. (1999) who found, in a 
greenhouse experiment, that when comparing three different seeding densities, there was a 
significant reduction of the weed Echium plantagineum when sown in the presence of Onoporum 
acanthium. 
 

It is widely held perception in the revegetation and restoration community that the use of 
fertilizer will increase the growth of exotics at the expense of native plants, especially in 
grassland restoration.  This is understandable, because fast-growing non-native annuals and 
perennial weeds are generally better at taking up nutrients than slower growing native perennials, 
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so weed competition on these sites is exacerbated by the addition of fertilizer and native species 
may be suppressed (Huenneke et al. 1990, Wilson and Tilman 1993, Townley-Smith and Wright 
1994, Stevenson and Wright 1996).  Contrary to these concerns, however, the multi-year 
monitoring of our experiment has shown that fertilizer promoted exotic cover only in the first 
growing season.  Weed cover declined in all treatments over subsequent years, with even slightly 
higher (though not significant) mean weed cover in the non-fertilized plots in Year 4.   

 
The decline in sown cover after Year 2, in conjunction with the reduced significance of 

fertilizer effects, indicates that the sown plant mixture is not self-sustaining in terms of meeting 
its nutritional requirements.  Possible solutions are to: (a) re-apply fertilizer at 3-4 year intervals 
(as suggested by Dyrness 1975); (b) increase the proportion of nitrogen-fixing legumes in the 
seed mixture; or (c) enhance the Rhizobium inoculation of legumes (in this case, Lupinus) used in 
the seed mixture.  It should be noted that we did not inspect all plots for Lupinus root nodulation, 
though some plants (at least) did have nodules. 
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