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Longevity and Seed Yields of Native Plants Grown in Cultivation 
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Abstract 
 
Survival results are presented for cultivated plots of 13 herbaceous native plant species grown in cultivation 
since 1997 or 1998.  After 6 years, most grass species evaluated exhibit 20% to 90% survival, sedges have 
shown 10% to 40% survival, most forbs have shown 70% to 85% survival, although Lupinus spp. have had 
only 5% to 15% survival.  These observations are supplemented with a tabulation of 7 years of seed yields 
for 30 species of native plants grown in the same cultivated plots in the Bulkley Valley of northwestern B.C.  
Being perennials, none of these plants produce significant seed yields until the year after they are 
established, with yields typically peaking in the third year and declining thereafter.  Some species, however, 
are slower to establish, and/or maintain seed production for many years thereafter.  While stand longevity 
can be extended by weeding and fertilization, it is generally recommended that seed increase plots be rotated 
out of production 3 or 4 years after establishment.   
 
 
Objective 
 
The objective of this research project was to extend our knowledge of longevity and yields of cultivated 
native plant seed production plots.  These seed production plots were established from 1996 to 2000 in the 
Bulkley Valley, in order to generate reliable supplies of high-diversity native grass, legume, sedge and forb 
seed suitable 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 British 
Columbia forest practices and forest products.  
 

This objective was met through the systematic cultivation and weeding of the previously established 
seed increase plots in order to maximize seed production. The seed produced in the plots during the growing 
season in 2003 was subsequently harvested, cleaned, and weighed to determine seed yield.  Purity analysis 
was then conducted on each species.  Plot productivity of each species harvested was then compared to seed 
productivity determinations made in previous years using the same methods.  Prior to the harvesting of seed, 
survival tallies of thirteen species were also conducted, with notation made as to reproductive status.  
Species tallied include five grasses (Bromus ciliatus, Elymus glaucus, Elymus trachycaulus, Festuca 
saximontana, Leymus innovatus), three sedges (Carex aenea, C. macloviana, C. mertensii) and five forbs 
(Lupinus polyphyllus, L. arcticus, Anaphalis margaritacea, Polemonium pulcherrimum and Arnica 
cordifolia).  

 
 
Background 
 
Reintroducing native grasses and forbs to degraded land is often a preliminary step in ecosystem restoration.  
Large areas of land in British Columbia (B.C.) need to be revegetated due to extensive logging and road 
construction activities.  Currently, agronomic species of European origin are sown on thousands of hectares 
of disturbed land every year.  Large-scale restoration activities need large quantities of native grass and 
legume seed, which are usually not available for species and genotypes native to northern B.C.  Other major 
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limitations to the use of native species are seed availability and expense, plus poor information on 
germination rates, appropriate seeding densities, optimal seeding times and growth requirements and 
survival.  If native seed is to be effectively used for restoration purposes, information for its successful 
establishment in breeding plots and on restoration sites is essential. 
 

Maintaining ecosystem integrity (composition and diversity) is an important issue in public land 
management across North America (Woodley et al. 1993), partly due 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 always been a fundamental principle of ecosystem restoration (Jordan et al. 1987).  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 grazers, 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. 
 

To these ends, seed production plots and trials were established under the Forest Renewal B.C. 
(FRBC) Research Program from 1997 to 1999, and maintained from 2000 to 2002 by Symbios Research and 
Restoration with partial funding from the FRBC’s Terrestrial Ecosystem Restoration Program (TERP).  The 
overall goal of the project was to gather new information on herbaceous species native to the northern 
interior of B.C., and to “kick start” the process of generating reliable supplies of herbaceous native plant 
seed for restoration purposes.  
 

This project complements a similar one for southern coastal areas of B.C. (Vaartnou 2000). 
However, unlike Vaartnou’s traditional approach to plant domestication, our approach emphasized the 
maintenance of genetic variability within the seed being produced, using methods already documented and 
recently published (Burton and Burton 2002). 
 

Methods 

During the active growing season, the survival of five grasses (Bromus ciliatus, Elymus glaucus, Elymus 
trachycaulus, Festuca saximontana, Leymus innovatus), three sedges (Carex aenea, C. macloviana, C. 
mertensii), two legumes (Lupinus arcticus and L. polyphyllus) and three other forbs (Anaphalis 
margaritacea, Polemonium pulcherrimum and Arnica cordifolia), were monitored in order to extend 
knowledge of the longevity of these native plants in cultivation.  We particularly followed the fate of seed 
increase plots established in 1997, but we also document survivorship of plants in plots established in 1998, 
1999, and 2000.  In each plot, the number of plants currently alive in a planted row (or, for large plots, in 10 
m segments of rows), were counted, and their reproductive status was noted.  Depending on the phenology 
of each species, survival tallies were conducted between August 12 and September 29, 2003.  The data were 
then compared to the original numbers planted to determine the rate of survival.  Row to row differences in 
the percent survival in each plot provided a mean and standard error for each species. 
 

In order to determine seed yields of native herbaceous species, plots originally established from 1997 
to 1999 were maintained by weeding and cultivating. Seed was harvested as it ripened, and allowed to cure 
(dry) indoors as needed.  Over winter it was cleaned and weighed, and seed lot purity was determined.  Plot 
productivity of each species harvested was then compared to productivity in previous years, measured in 
terms of the number of pure seeds produced per unit area of land.  Although commercial seed yields are 
usually expressed in terms of weight per unit area (kg/ha or pounds/acre), differences in the size (weight) of 



individual seeds makes comparisons among species difficult when expressed in this manner.  To convert our 
measurements of seed yield in seeds/m2 to kg/ha, simply divide the reported value by the average number of 
seeds per gram (as reported in Burton and Burton 2003), and multiply by 10. 

 
 
Results 
 
Survival of grasses 
 
Among the grass species grown in our program, plants of similar stature generally had the highest level of 
survival. Elymus trachycaulus plots had the most survivors (90.8%), with many plants still reproductive 
(79.5%), followed by Elymus glaucus in both the old and new plots (the new plot was established 1998, a 
year later than the old plot).  The slightly shorter Bromus ciliatus and Leymus innovatus had lower survival 
rates.  However, these lower survival values are more probably due to heavy weed invasion by Agropyron 
repens (quack grass) and Cirsium arvense (Canada thistle), so do not accurately reflect plant survival.  The 
Festuca saximontana plot, established in 1998, had the highest survival of any or our short-statured grasses 
(Figure 1).     
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Figure 1.  Survival of grasses grown in cultivation since 1997 (except for ELGL(n) and FESA, which were 
established in 1998).  Values are means and standard errors for different rows in the same plots.  
BRCI=Bromus ciliatus; ELGL=Elymus glaucus; ELTR=Elymus trachycaulus; FESA=Festuca saximontant; 
LEIN=Leymus innovatus; (n)= new; (o)=old.      
 
 
 Additional grass species in our research program had already been phased out of production prior to 
survival monitoring in 2003.  These species included Agrostis exarata and Festuca occidentalis, which 
generally seemed to live only two years after establishment, despite being technically classified as 
perennials.  Poa alpina potentially may be long-lived, but is very susceptible to competition.  In addition, it  
 3



naturally reseeds itself where bare ground is present, making the survival of individual plants difficult to 
evaluate. 
 
Survival of sedges 
 
Carex aenea had the highest survival (41.4%), followed by Carex mertensii (31.3%), then Carex macloviana 
(9.6%).  However, Carex macloviana had the heaviest invasion of weeds into the plot, and seems especially 
susceptible to competition.  For all species, the plants that did survive were usually reproductive (Figure 2).  
We noticed that Carex aenea stature and seed yields declined in the year (2001) in which we applied a 
broadleaf-selective herbicide (BanvelTM) to the plot. 
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Figure 2.  Survival of sedges grown in cultivation since 1997. Values are means and standard errors for 
different rows in the same plots.  
 
 
Survival of forbs  
 
Arnica cordifolia  (84.7%) and Anaphalis margaritacea (78.8%) had the highest survival but some of the 
regeneration may be due to rhizomatous spread.  Polemonium pulcherrimum also showed good survival 
(73.3%).  Most of the survivors for these three species were reproductive.   There were very few survivors in 
the Lupinus arcticus plot (6.7%), with none of the survivors were reproductive, and some of those counted 
may have originated as seedlings from dehisced seed generated from the original transplants.  Lupinus 
polyphyllus had a higher rate of survival (12.5%) but, as with L. arcticus, few of the survivors were 
reproductive.  The low survival rate of these two species may be partly related to relaxed weed control over 
the last few years, rather than to the ability of these species to survive.  On the other hand, we have observed 
that vigorous wild populations of Lupinus found in clear-cuts for one or two years seem to have subsided in 
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dominance in subsequent years.  Once again, these anecdotal observations make it difficult to distinguish 
between a species’ inherent longevity and its tolerance of competition. 
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Figure 3.  Survival of forbs grown in cultivation since 1997 (except for POPU, which was established in 
1998).  Values are means and standard errors for different rows in the same plots.  ANMA = Anaphalis 
margaritacea; ARCO = Arnica cordifolia; POPU = Polemonium pulcherrimum; LUAR = Lupinus arcticus; 
LUPO = Lupinus polyphyllus.      
 
 
 Observations on the persistence of a number of other forb species are also noteworthy.  The legumes 
Lathyrus ochroleucus and Vicia americana were slow to establish.  While Lathyrus was able to vine over 
competing vegetation, Vicia seemed to die back after a vigorous year of seed production.  Other than 
Lupinus spp., Vicia americana has the best potential for field production of native legume seed.  Achillea 
millefolium is rapid to establish, produces copious amounts of small seeds a year or two later, then dies 
back.  In contrast, Aster spp. are slower to establish, and seem to persist, but flowering and seed production 
are less reliable.  
 
Seed yields 
 
Table 1 summarizes plot-based seed yields over seven years for 30 species.  For most species, little if any 
seed was produced in the first growing season.  Typically, seed production ramped up during the second 
year and peaked in the third year after plot establishment.  Exceptions include Agrostis exarata, 
Calamagrostis canadensis and C. rubescens, for which seed production peaked in the second year and 
 5



 6

declined precipitously thereafter.  Most species (i.e., those with peak seed production two or three years after 
establishment) would therefore benefit from stand renewal (i.e., plowing under and replanting) after three or 
four years of life.  
 

Table 1.  Trends for seed yields (seeds/m2) of native plants grown in cultivation.  Plants were established
In spring, 1996, unless noted otherwise. These are raw values, not adjusted for stocking or seed viability.

Species 1997 1998 1999 2000 2001 2002 2003 
Achillea millefolium 2,445 142,666 192,409 36,711 33,940 dropped -- 
Achillea millefolium rows*** n/s n/s n/s 0 10,015 219,755 -- 
Allium cernuum (13th Ave) 137 16,127 898 399 dropped -- -- 
Allium cernuum (Fortunes)*** n/s n/s n/s 0 172 5,005 8,266
Agrostis exarata* n/s 0 276,819 20,176 dropped -- -- 
Anaphalis margaritacea 0 10,768 80,787 79,323 86,700 -- 14,871
Arnica chamissonis* n/s 0 29,560 35,361 21,996 19,159 6,847
Arnica cordifolia 0 0 317 1,441 4,694 1,944 260
Aster conspicuus* n/s 0 7,413 3,844 4,811 dropped -- 
Aster foliaceous* n/s 0 6,254 579 dropped -- -- 
Bromus ciliatus 5 5,257 37,922 13,779 9,592 693 1,138
Calamagrostis canadensis* n/s 0 107,921 29,281 4,307 dropped -- 
Calamagrostis rubescens+ 125,811 27,284 4,501 1,224 dropped -- -- 
Carex aenea 0 40,929 72,892 47,693 5,432 29,296 928
Carex macloviana 0 9,640 51,801 33,684 538 dropped -- 
Carex mertensii 0 1,739 30,582 34,887 22,806 33,577 10,878
Dryas drummondii 0 53 11,455 11,795 14,451 5,022 327
Elymus glaucus 5 948 10,104 4,379 1,630 170 498
Elymus trachycaulus 1 1,977 12,339 5,331 5,444 2,263 3,282
Epilobium latifolium 0 58 3,940 9,070 6,964 2,938 2,767
Festuca occidentalis 471 60,664 262,541 429,471 117,386 4385 dropped
Festuca saximontana* n/s 0 14,901 60,262 3,609 4,385 1,666
Geum macrophyllum 0 7,475 29,947 72,601 36,373 16,720 3,306
Lathyrus ochroleucus 0 0 25 250 21 dropped -- 
Leymus innovatus 0 16 4,884 6,321 908 554 988
Lupinus arcticus 0 55 616 162 864 65 dropped
Lupinus polyphyllus 0 302 322 746 1,353 34 13
Luzula parviflora 0 1,101 180 3,234 3,234 dropped -- 
Poa alpina 0 13,657 10,727 53,313 9,966 4,072 5877
Polemonium pulcherrimum* n/s 0 774 10,976 3,393 51 dropped
Trisetum spicatum* n/s 0 24,121 50,239 1,940 dropped -- 
Vicia Americana 0 131 295 34 11 dropped -- 
+Planted 1996 n/s=not started      
*Planted 1998 -- = no data      
**Planted 1999   =inter-year comparison confunded by additional plantings 
***Planted 2000        
  
 
The long-term maintenance of seed yield varied considerably among species.  The small-seeded, fast 

germinators, Festuca occidentalis and Achillea millefolium, had a plot life of two years.  By the third year, 
seed production by these species had declined dramatically and the plants were stunted and weak. 
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As mentioned above, seed production by most species dropped off after the third year.  In contrast, 
seed production by Anaphalis margaritacea and Dryas drummondii, for example, seems to have levelled off 
after their second year and continues at relatively high levels.  Yet other species (e.g., Arnica cordifolia, and 
Leymus innovatus) are slower to establish and/or mature, producing maximum seed yields only four or five 
years after establishment (Table 1).  It would appear to be worthwhile to maintain (rather than replant) well-
established stands of these latter species for seed production.  As explained in Burton and Burton (2003), 
stand maintenance consists of ongoing weeding and appropriate fertilization.  Where individual plants or 
patches die out, it is a good idea to add genetic variability in the form of new seed or seedlings derived from 
wild populations (Burton and Burton 2002).  Eventually, the stands of even these long-lived crop species 
will need to be renewed. 

 
The general decline in plant survival and seed production for most species in 2002 and 2003 is 

considered to be partly the result of poor or late annual plot maintenance (especially weed control) in those 
years, rather than exclusively due to a general reduction in plot production due to inherent plant longevity. 

 
 

Recommendations and Conclusions 
 
The results of our research program and the monitoring of stand longevity and seed yields suggest some 
general guidelines for producers of native plant seed.  In general, seed production is negligible in the year of 
establishment, with peak seed production achieved two or three years after establishment.  Some species 
may continue to reliably produce high quantities of seed after that, which can be promoted with rigorous 
weeding and repeated fertilization.  Once seed yields start to decline, it is more profitable to shift production 
to a new crop, requiring a degree of rotational planning (i.e., starting new fields of each species every year or 
two) by the producer.    

 
The results reported here are robust for the years 1997 through 2001.  However, in the years 

following, results are less reliable because plot maintenance was delayed due to annual delays in the  
confirmation of funding.   Further trials would need to be conducted over the long term to more precisely 
determine the survival of individual plants and the longevity of seed production in cultivated stands.  In 
practice, any further refinement to these conclusions are likely to be achieved by individual growers of 
native plants, adjusting their own management practices to the behaviour of individual species being grown 
under particular site conditions.   
 
 The production of native plant seed in cultivation, for use in revegetation and restoration, is a viable 
enterprise.  Sufficient information is now known on the biology, propagation, growth, yield, persistence and 
management of a number of species indigenous to northern B.C., so that such work could be continued on a 
commercial basis.  The challenge now is identify incentives (e.g., through government legislation or policy, 
or through forest certification initiatives) to employ native plant species more widely in the revegetatation 
and restoration of disturbed ecosystems on public land.  
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