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Restoration of native vegetation on decommissioned gravel sites from which part 

or all of the gravel has been removed is a major goal in reclamation of disturbances 

following oil development on Alaska’s North Slope. In wetland sedge communities, 

establishment by transplanting plugs of indigenous graminoids has been found to be 

successful (Kidd et al., 2006)., indicating that conditions on the sites are suitable for 

growth of the plants. However, seeding as a means of establishment is only partly 

successful (Bill Streever, BP Exploration Alaska, Inc. personal communication) . 

Transplanting is labor intensive and expensive and results in disturbance of native tundra, 

so seeding is a much more desirable methods for establishing these species in restoration 

projects. Some important questions are:  1) Do these plants establish well from seed 

under any circumstances or are there factors that limit seed establishment?,  2) What 

management techniques can be used to improve establishment of these species from 

seeds?  

Embedded within this major questions are:  

• What is the viability of seeds produced by these species on Alaska’s North 

Slope and what factors affect viability of these seeds?  

• What conditions are needed for good seed germination?  

• Are there dormancy factors inhibiting seed germination? 

• What is the percent seeding survival following germination in the field? 

• If seedling mortality is high, what management factors can be used to improve 

survivability? 

 Most plants in tundra environments are perennials and rely mostly on vegetative 

reproduction (Archibold, 1984). Even so, many Arctic tundra plants commonly produce 

seeds, but production of viable seeds may be highly variable among sites and years, 

depending on conditions. For example, Brooker et al. (2001) reported that production of 

Carex bigelowii seed per unit area to be much higher in Arctic tundra in Alaska than in 

Iceland. Gartner et al. (1986) found that seed production by Eriophorum vaginatum 

varied by 50 fold over a 7-year period and Polozova (1970, cited in Wein, 1973) reported 

fruiting of E. vaginatum to be highly irregular in Northern Russia.. Chapin and Chapin 

(1980) reported that fertilization with NPK induced flowering of E. vaginatum on 

undisturbed subarctic tundra in Interior Alaska.  

 According to Billings and Mooney (1986) weather is so poor in some growing 

seasons in Arctic and high mountain environments that flowering and fruiting are 

seriously hampered, but in other seasons copious seeds are produced. Because of short 
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growing seasons in these regions, seeds usually ripen shortly before onset of winter 

conditions, and in some years, seeds may not ripen. However, Wein (1973) reported that 

if fruits of E. vaginatum were collected several weeks after the 1
st
 fruit dispersal, the 

remaining ones had little viability and Gartner et al. (1983) found that seeds of 

Eriophorum vaginatum collected on Alaska’s North Slope had much higher germinability 

if collected near mid-June as compared to those collected after mid-July. Thus, timing of 

seed collection for restoration purposes may be important to ensure good seed 

germination, and research is needed to determine best seed collection times for various 

native species to be used for revegetation.  

 Seedling mortality may be a problem for long-term establishment of tundra plants 

from seed. For example, Wein (1973) reported that in undisturbed Arctic tundra, seeds of 

E. vaginatum germinate readily but rarely survive and on burned peats, seedling 

establishment may be high, but seedling survival is low, primarily because of moisture 

limitations. Phillips (1954) reported that young seedlings of E. angustifolium, at least in 

the British Isles, are killed by a few days exposure to low temperatures (<4C) and that 

conditions necessary for seedling establishment include a sheltered environment, little 

competition from other species, either neutral pH or relatively high soil calcium, and 

sufficient moisture during the early stages of germination but no standing water. Chapin 

and Chapin (1980) indicated good establishment from seeds of E. vaginatum and C. 

bigelowii on Alaskan tussock tundra that had been disturbed by shallow bulldozing (to 

remove existing vegetation) and Gartner et al. (1983) reported that disturbance (such as 

frost activity, erosion) is important in providing opportunity for seedling regeneration in 

Arctic tundra. Brooker et al. (2001) reported that under natural conditions seedlings of C. 

bigelowii are not normally found in undisturbed communities but occur in areas of 

disturbance. Kershaw and Kershaw (1986) indicated that C. aquatilis can be an early 

colonizer of oil spills and Ovenden (1986) reported it to be an early colonizer on a 

recently drained lake bed in NWT, Canada.  

 Dormancy factors have been studied for some sedge species, but results vary with 

species and conditions. According to Amen (1966), most tundra plants do not exhibit 

seed dormancy, but dominant or abundant species usually do. Wein (1973) reported that 

E. vaginatum seeds from several sites in Canada showed no dormancy and Phillips 

(1954) reported that E. angustifolium developed dormancy several months after ripening. 

 Germination of seeds of many tundra plants seems to be largely controlled by air 

temperature, moisture availability (Archibold 1984) and light. According to Archibold 

(1984), temperatures of around 18 – 22 C is optimum for many alpine plants while 

temperatures as high as 30 C may be promotive of germination for some arctic plants 

(Billings and Mooney 1968). Amen (1966) indicates that few alpine and arctic plants 

seeds will germinate below 10C. In the field, germination seems to normally occur within 

a week or so after snowmelt in the spring, when soil temperatures have reached 10-15C  

(Billings and Mooney, 1968). Exposure to low temperatures (4C) seems to break 

dormancy in E. vaginatum, at least for seeds from the British Isles (Phillips, 1954). 

Germination of seeds of several sedge species from calcareous fens in Germany were 

inhibited under constant temperatures whereas fluctuating temperatures stimulated 

germination (Maas, 1989). 

 Bliss (1958) tested the effects of light on several arctic and alpine sedges and 

found that continuous light stimulated germination of C. bigelowii and E. vaginatum, but 
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not E. angustifolium. Also, Wein (1973) found that seeds of E. vaginatum would 

germinate when planted on the soil surface, but not when planted 1 cm deep. However, 

Gore and Urquhart (1960) found that light was not always necessary for germination of 

E. vaginatum seeds.  

 Amen and Bonde (1964) tested the effects of several seed treatments, including 

scarification, stratification, leaching with water, extraction of potential seed cost 

germination inhibitors with various solvents, exposure to light, and application of various 

plant growth regulators on seeds of Carex albonigra  and C. ebena from the Rocky 

Mountains in Colorado. They found that only scarification at the basal end of the achene 

resulted in germination of C. albonigra and only fluorescent and red light was effective 

for C. ebena. Billings and Mooney (1968) report that arctic and alpine Carex species 

commonly have dormant seeds and dormancy is most often caused by seed-coat 

inhibition that can be overcome by scarification. However, some species require a 

chilling period (~4C) while some require high temperature after ripening phases. In 

nature, some species seem to maintain dormancy for long periods (several years in some 

cases), which makes sense in arctic and alpine environments where conditions conducive 

to germination may not occur in some years. There are still important questions on 

optimum conditions needed for good seed germination and to break seed dormancy for 

plants to be used for revegetation in Arctic wetlands.  

We were able to find few studies on long-term storage effects on seed 

germination of Carex and Eriophorum, but Billings and Mooney (1968) indicated that 

some arctic and alpine plant seeds can retain viability for long periods (some up to 15 

years) when stored in a cold, dry environment and Bliss (1958) reported little change in 

germination of C. aquatilis and E. vaginatum after 30 months storage. According to 

Phillips (1954) seeds of E.  angustifolium are able to germinate one or even two seasons 

after collection, but aging significantly reduces germination percentage. These results 

indicate that seed storage is feasible should it be desirable to establish seeds in the season 

following seed harvest, but more research is needed to specific optimum seed storage 

conditions and times.  

 

Important Questions: 

• What are the major factors influencing seed germination in Carex aquatilis and 

Eriophorum angustifolium?. 

 

o Seed viability at maturity? 

o Time of maximum seed viability? 

o Seed dormancy 

  What are major factors in seed dormancy? 

  What are the best ways to break seed dormancy? 

 

• Do populations within a species vary appreciably in terms of seed characteristics?  

 

• How well do seeds maintain viability after storage over winter? 

 

• What are the primary factors affecting short-term seedling survival? 
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• What are the best methods for establishing the above species, from seed, on old 

gravel sites? 

 

Objectives:  The overall goal of this project is to identify major factors affecting seed 

germination of, C. aquatilis and Eriophorum angustifolium on Alaska’s North Slope. 

Specific objectives will be to: 

 

a. Determine the major seed factors, such as poor seed set, poor seed viability, 

and seed dormancy, that may limit the use seeds in revegetation or dictate 

management strategies. 

 

b. Identify the timing of sowing,  sowing techniques, and seed treatments that 

will promote seed germination and seedling development on restored sites. 

 

Methods:  

 

Plots of wild stands of each species will be marked, and observations of timing of 

maximum flowering, fruiting, and seed maturation will be made over two growing 

seasons. Observations will include changes in seed color and size and related properties 

which are likely indicators of seed maturity. A photographic phenological index will be 

created to help managers identify seed development and maturity stages. Observations 

will include factors that may act as potential inhibitors of pollination and seed 

development.  

 We will harvest seeds at weekly intervals from beginning of seed drop until the 

end of seed drop or freeze-up. Seeds will be planted at nearby old gravel sites to 

determine field seed germination percentages in relation to seed maturity. Other seeds 

will be germinated in the laboratory in soils typical of old gravel sites at seven different 

temperatures (0 – 30 C at 5 degree intervals) to determine the effect of  temperature on 

seed germination rate and percentage. We will also evaluate the percentage and rate of 

germination at diurnally fluctuating temperatures to more closely  mimic conditions 

under which the seeds germinate in nature. In addition, each treatment will be conducted 

under continuous light (combination of 40W cool-white fluorescent and 60 W 

incandescent lamps) and continuous darkness by covering germination containers with 

aluminum foil. Germinants will be counted at end of 15 days. All containers will be 

uncovered and a second germination count will be done on day 30. The temperature trials 

will provide us with information on the most appropriate seasonal timing for sowing 

seeds, and the light experiments will identify if seeds need to be buried or sown on the 

surface for best germination.  

 Other seeds will be soaked in  warm water (pregermination) and 0.01% gibberillic 

acid or 0.05% potassium nitrate to determine if seed pretreatment will be effective in 

promoting rapid seed germination.  These common seed treatments often promote rapid, 

more complete germination and reduce or eliminate dormancy requirements in seeds.  

 We will conduct several tests for breaking seed dormancy. One batch of seeds of 

each species will be stratified at 2C for up to 12 months to identify dormancy 

mechanisms related to physiological embryo dormancy. Germination tests at diurnally 

fluctuating temperatures will commence following monthly cold stratification treatments 
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to determine if seeds require periods of cold, moist chilling to promote germination of 

seeds. Another batch of seeds will be scarified in concentrated sulfuric acid for – up to  

30 minutes and germination tests  performed as described above to identify dormancy 

factors related to hard seed or fruit coats. These tests will help identify appropriate 

sowing times and possible pretreatments for rapid germination. 

 All germination tests will be repeated using seeds stored for 10 months at -5C. 

Seeds will be air-dried to approximately 10% moisture contents and then frozen. This 

will allow us to identify the effects of storage on seed viability and dormancy.  

 All seed germination tests will include four replicates of 50 seeds each arranged 

in complete randomized designs. Data will be analyzed using standard analysis of 

variance and where appropriate (such as with temperature studies), regression  

techniques.  

 To determine if seed physiology varies appreciably among populations, seeds 

from at least 10 populations of each species will be harvested and evaluated for indicators 

of seed maturity and germination rate as described above.  

 We will help develop a future field study, based on results of this study, to 

determine how edaphic factors affect germination and seedling growth and survival in the 

field and to develop management techniques for establishment of these species on old 

gravel sites. 

 

Expected impacts:   

 

This project will: 

 

• lead to development of a phenological index of seed development which will aid 

managers in determining when is the best time to collect seeds of C aquatilis, and 

E. angustifolium, 

 

• provide an evaluation of endogenous and exogenous factors that influence and 

possibly control seed germination in the two species of interest, 

 

• develop a set of best management practices for optimum seed germination on 

reclaimed gravel sites, and 

 

• provide information on short-term seedling survival under a variety of 

germination and sowing methods, ultimately leading to a set of recommendations 

for seeding reclaimed gravel sites in wetlands on Alaska’s North Slope.  

 

 

Time-lines: 

 The project will begin in summer 2007 with initial seed collections and 

germination experiments. The field and laboratory experiments will continue through the 

2008 growing season, with data analysis and report writing during the following winter. 

This phase of the project will be completed by June 2009. 
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