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REVEGET A TION IN ARCTIC AND SUBARCTIC NORTH 
AMERICA - A LITERATURE REVIEW 

by 

Larry Johnson and Keith Van Cleve 

INTRODUCTION 

This review discusses revegetation research in the arctic and subarctic regions of North America. 
These regions encompass a vast area that varies regionally in climate, soils, and topography (Barry 
and Hare 1974, Johnson and Hartman 1971, Rieger 1974). Largely because of these physical 
variations, there is also a great deal of variation in vegetation types and plant species (Hettinger 
and Janz 1974, Hulten 1968, Hernandez 1974). Such variability means that, because there is a 
wide range of conditions ·to be encountered by species used in revegetation, no single species or 
variety could be expected to do well under all conditions (KlebesadeI1973, Mitchell 1972 and 
1973a). The severity of climatic conditions for plants (e.g. length of growing season, temperature 
below freezing, etc.) increases northwards from the Subarctic, to the low Arctic, and finally to the 
high Arctic zone. Therefore, the number of species that can be employed successfully for revege
tation decreases with northward direction (Van Cleve 1973, Mitchelll973b, Hernandez 1973a). 

Much of the revegetation research, especially in the Arctic, has only occurred in the last six 
years. This is largely due to the tremendous impetus provided by natural resource development 
in this region which has posed many ecological problems (Bliss 1970, Bliss and Wein 1972) including 

the specific need for regional revegetation technology (Hernandez 1974, Mitchell 1971, Van Cleve 
1972 and 1975). Unfortunately, this means little, if any, long-term information is available and 
that trends may not be indicative of longer term results. Further, since some of the information 
was published in internal proprietary reports, it was not available for this review. 

Definition of revegetation 

The definition of revegetation - to reestablish a vegetative cover over disturbed lands - is simple, 
and conceptual models can help to visualize the stages involved in it (Bliss 1970, Zasada 1975). 
The need for revegetation can arise from any number of factors, both natural and man-caused, 
which either remove or kill existing vegetation. Natural disturbances (such as fires in the Subarctic) 
may result in a fairly rapid recovery succession of natural vegetation, on the order of 10 years or 
less for shrubs and herbs, since certain "pioneer" species have evolved in response to these distur
bances (Lutz 1956, Viereck 1973). Hence, succession can be said to be an instance of natural re
vegetation. Artificial revegetation, however, is used mainly after man-caused disturbances. Such 
disturbances affect a wide spectrum of site characteristics such as soil moisture and density, nutrient 

status, aeration, temperature and depth of thaw. Also affected are microrelief, vegetation cover, 
microflora and other vegetative characteristics (Hernandez 1973b, Hok 1971, Van Cleve 1975). 
Man-caused disturbances differ in both the degree to which they affect these properties and in the 

size of the affected area. Such disturbances include road building (Bowen 1973), fire control 
(Bolstad 1971), mining (especially strip mining) (Nuera Reclamation Inc. 1974), oil spills (Baker 



1970, Bliss and Wein 1972b, Deneke et a1. 1975, Hutchinson et a1. 1974, McCown and Deneke 1972, 
McCown et al. 1970, McCown 1971, McCown et a1. 1972, Troth et a1. 1973, Wein and Bliss 1973b), 
off-road vehicle use (Hok 1969 and 1971) logging, air pollution, and especially activities related to 
the exploration, extraction, and transport to market of minerals, such as with the Trans-Alaska Pipe
line System (TAPS) and other proposed large pipelines (Dabbs et a1. 1974, Hernandez 1974, Hettinger 
and Janz 1974, McGrogan et a1. 1971, Mitchell and McKendrick 1974a and b, Van Cleve and 
Manthei 1973, Younkin 1972). Federal stipulations, such as the Trans-Alaska Pipeline System 
right-of-way agreement, require that revegetation follow some of the above disturbances. 

Difficulties in revegetation will vary somewhat depending upon the type of disturbance. For 
example, a crude oil spill may kill, but not remove, the existing vegetation. An organic mat, if 
present, will remain and the more long lasting "tar" component of the oil may persist for at least 
several years in the mat and soil, as occurred at subarctic sites along the Haines Pipeline in the Yukon 
Territory (Deneke et a1. 1975). Or, on a bladed road the seed bed, the organic mat and other as
pects important to revegetation may be totally removed leaving a nutrient deficient mineral soil 
(Van Cleve 1972). 

Definition of restoration 

In the minds of some people artificial revegetation has come to be synonymous with the plant
ing of agronomic grasses, because this has been the most common method thus far employed. But 
this approach is not invariable, since native herbaceous and woody species have also been used. 
As environmental matters have increased in importance, the concept of restoration, not just limited 
revegetation, has gained acceptance. Restoration is a more inclusive term which means, according 
to Webster's Seventh New Collegiate Dictionary, "a bringing back to a former position or condi
tion." 

Restoration may include revegetation, either by artificial or by natural means. But in addition, 
there must also be a return of the site to its physical state and level of functioning prior to the sur
face disturbance. For example, restoration of a bladed road might include replacement of lost 
nutrients, formation of a new soil comparable to that which existed prior to the disturbance, and 
establishment of a vegetative cover analogous to the pre-existing one. 

Odum (1969) explicitly defines the states and functions of a mature ecosystem. If such a system 
were to be disturbed it would be these states and functions which would have to be reestablished 
for restoration to occur. Restoration of sites underlain by permafrost would include restitution of 
thermal, as well as hydraulic, stability. 

In many instances the ultimate goal of revegetation is restoration (Zasada 1975). But revegeta
tion may also be viewed as a means of deterring reinvasion of native species in some cases where 
introduced species are used to revegetate an area (Bowen 1973). 

The number of years for restoration to occur can vary greatly. In general much longer time 
periods (perhaps differing by thousands of years) would be required for restoration in the Arctic 
than in the Subarctic because of lower summer temperatures and a shorter growing season. Reveg
etation can speed restoration by helping to build up organic material, closing nutrient cycles, and 
by reestablishing appropriate biological functions. 

Little research has focused on restoration per se despite its importance, largely because of the 
long time spans often involved. Since this is a literature review most of the material discussed will, 
of necessity, concern revegetation both for its own sake and as part of the broader scheme of restor
ation. Perhaps the major subject of the review could be described as biological aspects of restoration. 
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OBJECTIVES 

There are a number of objectives of revegetation including water-induced erosion control, reestab
lishment of the thermal regimes, forage production, and aesthetics. Revegetation may also be part 
of the long-term goal of restoration. The most common objective is water-induced erosion control. 
It is generally assumed that vegetation can help to stabilize soils and, by so doing, it can also help 
to reduce water pollution problems (Bolstad 1971). Undoubtedly this is true to some extent, but 
testing to determine the exact amount of stabilization provided by different types of vegetation 
on different sites has not been done. A related, but less widespread, objective .of revegetation pe
culiar to the subarctic regions is the prevention or minimization of thermokarst (thermal degrada
tion) (Mackay 1970). Although prevention of thermokarst is sometimes given as a reason for 
revegetation in the Arctic (Bureau of Land Management 1973), it may only hold true for the 
Subarctic where the growth of new vegetation is usually more rapid (Dabbs et al. 1974, Hernandez 
1973a). In the Arctic, revegetation does not seem able to prevent thermokarst and it may only 
help to restore the thermal balance after a number of years (Haag and Bliss 1973). One study 
(Hernandez 1973a) suggested that revegetation could prevent erosion but not subsidence. 

Aesthetics is another major reason for revegetation (Zasada 1975). A vegetative cover is generally 
viewed as more aesthetically pleasing than exposed soil. Taller vegetation (e.g. shrubs and trees) 
can be used to screen views of objectionable areas, as is required by the TAPS right-of-way agree
ment. Finally, revegetation can provide forage for domestic or wild animals following habitat des
truction, even if the new vegetation is not always intended for this purpose (Mitchell et al. 1974a 
and b). 

Revegetation can simultaneously accomplish a number of these objectives, but one must recognize 
that some of the objectives may conflict. For example, using a rapid growing species to provide 
a vegetative cover for aesthetic purposes could slow restoration when native species are outcompeted. 
The importance of evaluating and explicitly stating one's objectives before undertaking any revege
tation scheme cannot be overestimated, since only in this manner can conflicting objectives be dis
covered and reconciled. For instance, it may be that the objectives are either wholly or partly 
beyond the capacity of revegetation (e.g. erosion control of very unstable slopes). 

Although often overlooked, the most important reason for clarifying objectives is that these 
may dictate what revegetation techniques mayor may not be used. For example, if eutrophication 
of nearby water bodies is an important concern, this may limit the amount and types of fertilizer 
that are used, since eutrophication of water bodies in non-arctic regions of the world has been at 
least partly attributed to fertilizers (National Academy of Sciences 1969). 

SOME REVEGETATION CONSIDERATIONS 

Regardless of how revegetation is accomplished, there are a number of factors which should be 
considered. Site conditions are important regardless of the region where revegetation occurs. On 
the other hand there are aspects of mineral nutrition and plant adaptation peculiar to the arctic 
and subarctic regions which must be understood in order to ensure the success of a revegetation 
scheme. The relative merit of introduced vs native species should also be evaluated. 

Site conditions 

There is a wide range in the favorability of sites for germination and seedling survival. Conse" 
quently there is a wide variation in the difficulty of both artificially and naturally revegetating 
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sites. Abiotic factors are very important and, as previously mentioned, climatic conditions usually 
increase in severity along the gradient of the Subarctic, low Arctic, and high Arctic. The type of 
substrate after construction - organic, gravel, mineral, or a mixture of subsoil and topsoil - will 
determine the moisture, aeration, and the nutrient regimes available for developing plants. One 
substrate such as loess may provide a favorable temperature for germination but lack adequate 

nutrients for later growth. Alternatively, a substrate such as a dry organic mat may prevent germin
ation because of unfavorable moisture conditions, even.though it contains a supply of adequate 
nutrients. 

The thermal regime at a site is also very critical to revegetation. Aside from active thermokarst 
situations which may not revegetate due to their instability (Hok 1971), almost all of the Arctic 
(except along rivers and other water bodies) is within the continuous permafrost zone and mut>h 
of the Subarctic has discontinuous permafrost (Brown and Pewe 1973). The permafrost prevents 
water from penetrating beneath the active layer and it also maintains low soil temperatures which 
affect both root growth and the nutrient regime (Pruitt 1970). 

Topography can also affect site conditions with regard to revegetation. Slight differences in ele
vation can maintain important gradients in soil moisture or other properties (Billings 1974). This 
is especially important, since along some buried pipelines a berm is created. Although a few revege
tation experiments have been conducted along berms (Hernandez 1973a), much more work remains 
to be done in this regard because of pipeline construction (Zasada 1975). 

There are also several biotic factors which help to determine site conditions. Viable seed within 
the soil and the availability of seed from nearby sources will be important to natural vegetation. 
Of special importance to natural revegetation in the Arctic and Subarctic is the amount of viable 

rootstock in the soil. As will be described later, some arctic and subarctic species heavily rely upon 
vegetative reproduction (Billings and Mooney 1968, Saville 1972). Hence, if rootstock remains 
viable it can be an abundant source of revegetation material. 

Nutrient regime 

Two of the most important factors in revegetation are the soil nutrient regime and the nutrient 
requirements of the plants. Arctic soils, and to a somewhat lesser extent subarctic soils, are ac
knowledged to be nutrient deficient (Dadykin 1958, Haag 1974, Mitchell 1972, Saville 1972). In 
some cases in the Arctic, nitrogen has been deduced to be the limiting factor for plant growth 
(Haag 1972 and 1974, Saville 1972) whereas in other instances phosphorus was probably limiting 
(Mitchell 1972). There are two key aspects of the nutrient regime: the amount of nutrients and 
the rate of nutrient cycling. It is the interaction between these two which determines the nutrient 
availability for the plant. The nutritional status of the soils from the plant's perspective is very 
much interconnected with the low soil temperatures characteristic of soils in permafrost areas. 
Permafrost reduces the total amount of available nutrients by immobilizing nutrients beneath the 
active layer. Further, it "reduces rates of mineral weathering, organic matter decomposition and re

lease of important nutrient elements such as nitrogen" (Van Cleve 1975) by decreasing both chem
ical reaction and microbial metabolic rates. This means both that nutrient recycling is reduced and 
that more nutrients are immobilized so that they are unavailable to plants. The importance of these 

limitations varies according to such factors as the solubility and the degree of biotic control in the 
cycling of the particular nutrient. 

Another consideration regarding nutrients is that disturbances which remove most of the topsoil 

may also remove much of the nutrient capital of the soil. Similarly, in cases where the topsoil is 

buried beneath or is mixed with the subsoil, as in some strip mining or in covering a pipeline, the 

soils may be especially nutrient poor. Nutrient uptake of native plants may not be inhibited by 

low soil temperatures (Chapin 1974a and b), but low temperatures do appear to inhibit uptake in 

4 



introduced species (McCown 1973). Furthermore, there is some evidence that even native plant 
species may be affected by low temperatures that limit phosphorus metabolism and hence, indirectly, 
limit growth (Haag 1974). Soil textural properties are also very important, since coarse soils can not 
retain as large a supply of nutrients as can fine-textured soils. 

In the Subarctic, muskeg communities underlain by permafrost may be particularly nutrient 
poor (Heilman 1968). A study of a subarctic young aspen stand showed that nitrogen, phosphorus, 
and potassium fertilization all increased diameter growth significantly and that nitrogen also increased 
the tip growth (Van Cleve 1973). Hence nutrients may also be limiting in the Subarctic despite the 
higher temperatures and longer growing seasons. 

Plant adaptations 

Arctic plants have evolved both morphological and physiological adaptations to the severe 
climatic conditions they encounter (Billings 1974, Billings and Mooney 1968, Saville 1972). They 
must have both physiological summer cold hardiness (to survive frosts during the growing season) 
and also winter cold hardiness (to survive extreme sub-zero temperatures). Other problems include 
snow abrasion and subsequent desiccation which many native plants minimize by having low growth 
forms, such as cushions or rosettes, and by growing in depressions where snow accumulates to pro
tect them (Saville 1972). 

Arctic and subarctic plants are also physiologically and morphologically adapted to absorb nutri

ents at low temperatures, and they seem to be adapted to the low nutrient regimes of the soil 
(Chapin 1974a and b). Arctic plants characteristically have a high ratio of belowground to above
ground biomass (Dennis and Johnson 1970, Shaver and Billings 1975). This is important since 
many disturbances, such as light fires, may only remove aboveground vegetation. Also the below
ground biomass is important since arctic plants, and to a somewhat lesser extent subarctic plants, 

rely heavily upon vegetative reproduction. Therefore, roots and rhizomes are often capable of 
reestablishing or increasing vegetative cover (Billings 1974, Saville 1972). 

Native species vs introduced species 

One of the more controversial subjects in revegetation is whether to use introduced or native 
species. Since so much of the revegetation research has focused upon agronomic species (Dabbs 
et a1. 1974, Deneke et al. 1975, Hernandez 1973a, Klebesadel1973, McGrogan et a1. 1971, Mitchell 

and McKendrick 1974a and b, Nuera Relamation Inc. 1974, Troth et a1. 1973, Van Cleve and 
Manthei 1973) it is important to understand the distinction between native and introduced species. 
The classical definition of an introduced species is a species that does not occur in natural commu
nities of vegetation in a specified area. Native species, on the other hand, are those that are part 
of the natural assemblage of vegetation within a certain area. 

This definition quickly breaks down upon closer examination. For example, some species that 
we now normally consider as "native" may have been introduced at an earlier time (Hulten 1968) 
or may have migrated from other regions, especially in the Beringia area (Hopkins 1967), over the 

long time spans of geological time. Some agronomic species which we would normally call "intro
duced" are already present in much of the Subarctic as forage or turf species, so that "introducing" 

them onto revegetation sites in these same areas may not create any additional problems. Also there 

are agronomic varieties which are actually hybrids between native and introduced species, such as 

Polar bromegrass (Hodgson et a1. 1971). Such borderline cases as these indicate that there is not 

always a clear division between introduced and native species in the classical sense. Hence, it seems 

necessary to attach some time frame to the definition of "native" and "introduced." 
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The distinction is clearer between infroduced and native woody species, since there has not been 
a program for developing agronomic varieties of woody species in the Arctic and the Subarctic. 
Therefore, woody species fit the classical definition more closely than do herbaceous species. But, 
if woody species were to be evaluated agronomically, it would take a minimum of decades and pro
bably centuries, since their life spans are so much greater. 

It is important to be aware of the problems and advantages posed by the use of both introduced 
and native species in revegetation. A recent Soviet publication describes much of the work that has 

been done with introduced herbaceous perennials in the Arctic and discusses some of the particular 
problems encountered (Golovkin 1975). Many of the introduced species are agronomics which 
have been under cultivation for many years. This period of selection and observation has provided 
important data on the autecologies of the varieties. Knowledge of such factors as response to ferti
lization (Laughlin 1962, Laughlin et a1. 1973, Klebesadel 1970a), time of floral initiation (Clarke 
and Eliot 1974, Hodgson 1966), winter survival (Klebesadel 1970b and 1971a, Klebesadel et al. 1964), 
and seed production (KJebesadel 1970a and band 1971 a, Klebesadel et a1. 1962) are of vital impor
tance in predicting the success of a species for revegetation and in knowing for what management 
goals it is best suited. Selective breeding is significant for revegetation efforts since it eliminates 
some of the genetic variability of the introduced variety of species by selecting for the desired 
traits. This allows a better prediction of success with the variety on a specific site, but it may also 
limit the range of conditions over which the variety can be used. In contrast, seed from native 
populations has shown wide genetic variability (Mitchell 1974). 

A factor which has been of vast practical importance is that many, although not all, agronomic 
species already have large commercial seed supplies. This means that large areas may be seeded 
almost immediately, whereas native species lack commerical seed supplies and may in fact b~ poor 

seed producers (Klebesadel 1973, Mitchell 1972, Van Cleve. 1972). 

Nevertheless, agronomic species pose problems in that they may have become adapted to optimum 
nutrient conditions during their period of intensive agronomic selection. Their continued success 
under nutrient poor conditions in the Arctic and the Subarctic could require repeated fertilization. 
This may partially explain why the percentage of cover in some revegetation plots has generally 
declined from the third to the fifth year after planting (Van Cleve 1975) (see Fig. 2). Fertilization 
in turn may also increase susceptibility to winter kill and snow mold (Mitchell 1972). Although 
some of the adapted northern agronomic varieties may overcome these problems, there is also the 
problem of introducing a species into a new habitat. In the past, this has sometimes led to the 
establishment of new "weed" species (Elton 1958). Although invasion in this sense does not 
appear likely under the more severe arctic conditions, it could occur in the Subarctic. This is one of 
the major reasons why, in at least some instances of revegetation, it was a requirement that a native 
species be used (Mitchell 1973a). Still other problems with agronomics include impact upon 
herbivores (Dabbs et a1. 1974, Mitchell et a1. 1974a and b) and aesthetic problems, since agronomics 
may be conspicuous due to different phenologies or other characteristics. 

Because of such problems, as well as because restoration requires a return to natural vegetation, 
there has been an increasing emphasis upon developing agronomic varieties (and hence commercial 
seed supplies) of native species (Klebesadel et a1. 1962, Mitchell and McKendrick 1974b, Younkin 

1973). Yet, researchers do not view native species as a total solution (Mitchell 1972), since they 
are usually slower growing and may also be subject to diseases. 

METHODS 

Revegetation techniques encompass a wide variety of technologies, ranging from very simple 

methods (natural revegetation) to quite sophisticated schemes (such as those proposed for TAPS). 
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Some of the basic handbook techniques are described in the publications, A Vegetative Guide for 
Alaska (USDA 1972) and 1973 Alaska Revegetation Workshop Notes (University of Alaska 1973). 
These works discuss such needs as seedbed preparation, seed treatment, seed specifications, seeding 
methods (including sprigging and sodding), timing of seeding, fertilization (nutrients, amounts, 
time of application), seeding rates, and mulching. Much of this technology has been utilized and 
evaluated in ongoing revegetation studies (Mitchell and McKendrick 1974a and b, Van Cleve and 
Manthei 1972 and 1973, Younkin 1972). More specialized techniques such as hormone treatment 
(Mitchell and McKendrick 1974a), nurse crop (Hernandez 1973a) and seed mixing (Mitchell and 
McKendrick 1974a, Hernandez 1973a) have also been evaluated. Techniques using native species 
such as replacing the organic mat or tussocks (Dabbs et a!. 1974, Hernandez 1973a) and fertilization 
of native communities for seed production (Mitchell and McKendrick 1974a) have also been tried. 
These techniques will be mentioned later as individual research efforts are discussed, but some 
background information will be given for the more important ones. 

Seedbed preparation 

Germination is an especially critical time event in the establishment of a vegetative cover (Zasada 
1975). Seemingly insignificant differences in seed shape and seedbed characteristics can profoundly 
influence germination by altering such factors as seed-soil moisture relations (Harper et aI. 1970). 
Proper seedbed preparation can grea~ly increase germination (and thereby promote success in reveg

etation) by providing a proper substrate that wiIl help to optimize temperature,water, and other 
microsite characteristics (Deneke et aI. 1975), McCown and Deneke 1972, USDA 1972). This factor 

may be especially important in arctic tundra where conditions are more extreme and where native 
species may set considerable less seed than in other regions (Bliss 1958). 

Seeding methods 

Seeding methods can be very important because of their etTect upon soil-seed water and tempera
ture relations. This is one reason why seeding rates are usually specified according to whether 

seeding is done by drill, hydroseeder, or broadcast (USDA 1972). As an example of the importance 
of seeding methods, one trial showed that seed drilled in rows as opposed to broadcasting (without 
packing) had germination rates anywhere from 1.2 to 7.5 times higher than normal (average 4.6), 
depending upon the species used (Mitchell and McKendrick 1974a). The researchers largely 
attributed this increased germination to improved moisture conditions for the seed. 

Timing of seeding 

Timing of seeding affects success during germination and over the winter. During the dry part 
of the summer the surface of some soils tends to become very dry and sometimes quite hot. If 
seeds are broadcast just before this time and germinate under such harsh conditons, they will pro
bably experience heavy mortality (Hernandez 1973a, Mitchell and McKendrick 1973a). Seeding 
late in the growing season may increase winterkill, since plants may not have time to become 

"winter-hardy" after they germinate and before frosts occur (KlebesadeI1970b). 

Seed mixes 

Seed mixes are still another important revegetation method_- Revegetation experimenters have 

had to first test varieties separately in order to evaluate which ones were promising (Dabbs et a!. 
1974, Hernandez 1973a, Mitchell and McKendrick 1974a and b, Troth et a!. 1973, Van Cleve and 

Manthei 1973, Younkin 1972). Only after much of this initial evaluation took place could mixes 

of the best performing varieties be tested (Hernandez 1973a, Mitchell and McKendrick 1974a and 

b, Van Cleve and Kimker 1974). It is unfortunate that more testing of difference seed mixes could 
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not have been done, since it is mixes that are used in actual field situations. Mixes are desirable 
for several reasons. They increase the variability of the seed stock so that revegetation "an be 
successful over a wide range of conditions and sites. Also, they "can improve the overall vigor of a 

seed application by utilizing selected strong points of each of the species involved" (Younkin 1972, 
p.225). For example, a sod forming grass such as a fescue may help to prevent water-induced ero
sion while a taller growing species may simultaneously aid in reducing wind erosion. Also a fast 
growing annual might provide litter to help stabilize the thermal regime until a slower growing 
perennial can achieve complete ground cover. Thus seed mixing as well as many of other techniques, 
such as seed bed preparation, may be viewed as a means of overcoming the problems presented by 
different microsites at any given location or by different environmental conditions encountered 
during a major construction project like TAPS. 

Agronomic species may be subject to special problems in the Arctic because of their growth 
form. Whereas arctic species minimize snow abrasion and winterkill by their prostrate growth 
forms, the taller, upright agronomic species will be killed at many locations. Therefore, mixes 
should include species of both growth forms. 

Fertilization 

Probably the most important single technological method in revegetation is fertilization. The 
previously mentioned observations on the impoverished mineral status in cold-dominated soils help 
to explain some of the effects of fertilization (which supplies nutrients to the warmer upper layers 
where the plant roots are concentrated). Many researchers claim that fertilization is necessary for 

good establishment and growth of agronomic species (Hernandez 1973a, Mitchell 1972, Van Cleve 
and Manthei 1971, Younkin 1972). Especially in cases where the organic mat has been removed, 
the loss of nutrient capital as well as the low rate of microbial decomposition accentuate the need 
for fertilization (Van Cleve 1973 and 1975). At arctic revegetation sites, fertilization with nitrogen, 
phosphorus and potassium gave marked increases in flowering, percentage of cover, biomass, plant 
height, and vegetative reproduction (Van Cleve 1975). 

Low soil temperatures influence subsequent fertilization practices by inhibiting decomposition 
rates and microbial activity so that the rate of nutrient cycling is decreased (Haag 1972 and 1974, 
McCown 1972). When some of the nutrients supplied by fertilization are incorporated into plant 
tissue and the plant dies, nutrients such as the nitrogen associated with the organic matter may then 
be tied up for long periods of time. (Other more mobile nutrients such as potassium would not be 
immobilized.) This immobilization would be one explanation for the fact that fertilization effects 
on plant growth do not seem to be long-lasting (Dabbs et al. 1974, Hernandez 1973a, Zasada 1975). 

AGRONOMIC GRASSES AND LEGUMES 

Selection criteria 

The initial step in revegetation is to select varieties for use. There are certain general consider

tions which are important for selection, although the exact requirements within each general trait 
will depend in large part upon the objectives of the revegetation. Agronomic species usually allow 

a better evaluation of how well they can meet these requirements since more is known of their 

autecologies. One study (Van Cleve and Manthei 1972) used cold hardiness (winter and summer) 

as a major criterion, since this trait is certainly very important in the Arctic and Subarctic. Other 

factors considered were reproductive potential, moisture requirements, and growth form. Growth 

form, in particular, can be determined by objectives for use. For example, short-term erosion con
trol may be best provided by annuals with a high shoot production and rapid growth. Alternatively, 
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a grass that produces a large fibrous root system with little top growth may provide better long-term 
water-induced erosion control. Some growth forms may also make seed harvesting difficult (Mitchell 
and McKendrick 197 4b). 

Another criterion for species selection is the availability of seed supplies, a factor which can be 
of primary importance, as previously mentioned in the discussion of introduced vs native species. 
And if nitrogen poor soils need enrichment, several species oflegumes can be selected for use in 
revegetation because of their capabilities as nitrogen fixers. 

Laboratory evaluation 

Experimental laboratory tests can help to provide more autecological information for species 
selection. Germination, as previously mentioned, is a critical stage in the life of a plant. [n order 
to be able to better assess the effect of field conditions upon germination, the maximum germination 
rate can first be determined in the laboratory (Van Cleve and Manthei 1972). Laboratory research 
can also reveal the effect of a range of temperatures upon germination rates (Mitchell and McKendrick 
1974b) as well as the viability of seed which is produced by plants on actual revegetated sites 
(Hernandez 1973a). 

Fertilizer needs and effects can also be evaluated, at least to some extent, in the laboratory. 
Soil samples can be analyzed to give an indication of nutrient levels. Then plants can be grown 
with different fertilization treatments to determine their response to this technique (Van Cleve 

and Manthei 1972). It should be noted here, however, that soil samples from an undisturbed soil 
surface do not necessarily indicate the type of soil which must actually be revegetated. In cases 

where construction activities include digging and mixing the soil, the new substrate may be quite 
different in its properties. 

Field evaluation 

Unfortunately, even with such background knowledge, most of the evaluation of a species' 
potential for revegetation involves long-term field testing. Most field revegetation studies of agron
omics begin by testing large numbers of varieties, or cultivars, which have been judged (on the 
basis oflaboratory evaluations) to be well suited to the desired objectives (Dabbs et al. 1974, 
Hernandez 1973a, Mitchell and McKendrick 1974a and b, Van Cleve and Manthei 1972). For 
example, Mitchell and McKendrick (1974b) tested over 100 varieties of agronGmics at Prudhoe 
Bay, Tables AI-AIV list the varieties actually used in these studies. Figure 1 shows the locations 
of revegetation test plots reported by Dabbs et al. (1974), Hernandez (1973a) and Van Cleve and 
Manthei (1972). 

In the field, slightly different parameters are used to evaluate success. Choice of parameters to 
use in evaluation depends, once again, upon the revegetation objectives. Four general criteria of 
success are: "(1) repf0ductive potential, (2) ability to survive several growing seasons, (3) root 
and top biomass production, and (4) rate of plant development and rate of development of ground 
cover" (Van Cleve and Manthei 1972, p. 33). Evaluation of sexual reproductive potential can in
volve flowering as well as seed set (Dabbs et al. 1974) while modes of vegetative reproduction such 
as rhizomes, bulbils, and layering must also be considered. Within the four above categories there are 

a number of measurements which have to be made - including percentage of germination, percen

tage of survival, and percentage of ground litter - since all of these may have an important effect 

upon the soil energy budget in permafrost areas (Dabbs et al. 1974). One researcher combined 

measurements of mean height, percentage of ground cover, and color to give vigor ratings for 
entries (Younkin 1972). 

Despite the multitude of possible parameters, most tests have relied heavily upon measurements 

of mean plant height and, especially, of percentage of ground cover, as major criteria for success 
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Figure 1. Location map for study sites of Dabbs et al. 1974), 
Hernandez (1973a)and Van Cleve (1975). 

(Mitchell and McKendrick 1974 a and b, Dabbs et al. 1974,; Van Cleve and Manthei 1973). Largely 
on this basis, and after just two to three years evaluation, several varieties of grass and legumes 
were introduced into arctic and subarctic regions. Most of the grass varieties and all of the legumes 
did not do well in the Arctic but more varieties did well in the Subarctic. Successful varieties tended 
to be either of native origin or varieties adapted to similar latitudes (Mitchell 1972). Many of the 
species showed rapid growth in the injtial season and then were either winterkilled or had a decreased 
cover in subsequent years. The importance of continued monitoring of field studies in order to assess 
these trends has been stressed by all researchers. Also,since long-term success is probably deter
mined by extreme winter or summer temperatures that occur only infrequently (KlebesadeI1974b), 
the studies should continue for a long enough time span to include this variability. 

Depending upon the revegetation objectives, varieties are not necessarily considered unsuccessful 
if they are winter killed during the first season. Such cultivars,pose no threat of invasion, and they 
may prove useful for short-term erosion control or as a nurse crop (Zasada 1975). In an analogous 
manner ,varieties which steadily decline in cover over a number of years may be valuable for revege

tation when the ultimate goal is restoration of the site (Van Cleve and Manthei 1973). 

For a three to four year period in the Arctic only two varieties, Arctared fescue and Nugget
Kentucky bluegrass have been rated as successful by all researchers. Arctared, especially, seems to 
maintain a good cover (90-95%) into the fourth year (Hernandez 1973a) although other results 
show a decrease after the thltd season (Van Cleve 1975; see Fig. 2). In addition, Smaragd creeping 
bentgrass is a potentially useful variety (Mitchell and McKendrick 1974b). Other varieties which 
are successful for cover during the first or second years are slender wheatgrass and Frontier reed can
ary grass. 

10 



if!. 

Q; 
> 
o· 
u 

"C 
C 
:J 

~ 
<.9 

if!. 

Q) 

> 
0 
u 

"C 
c 
:J 
0 

t5 

80 

60 

40 

20 

100 

80 

60 

40 

20 

o. Control 

b. (8- 32-16) 

/ 
/ 

/ 
/ 

/ 
I 

I 
I 

r 
I 

Galbraith Dike '70 

HV'70 
(2nd) 

0~1----------~2~--------~3~--------~--------~~ 

Year Since Seed Application 

Figure 2. A verage cover production for Arctared fescue at respective 
study sites with no fertilizer application and application of high phos
phate fertilizer (8-32-16) at rate of 400 lb/acre at time of seeding. Sec
ond fertilizer application at same rate made at Happy Valley and Dall 
sites in 1972. Standard error of mean ranges from 10 to 20%. (P.B. = 

Prudhoe Bay; H. V. = Happy Valley) (from Van Cleve 1975). 

As one moves into the Subarctic the number of successful varieties increases substantially due 
to more favorable conditions. All researchers include boreal creeping red fescue as successful in 
this area. Other grass varieties which have shown good results are meadow foxtail, Frontier reed 
canary grass (Dabbs et al. 1974) Durar hard fescue, slender wheatgrass, and Icelandic poa, (Van 
Cleve and Manthei 1972). Legume varieties tested so far have only had limited success on sites 
north of 65°20' latitude (Hernandez 1973a, Van Cleve and Manthei 1972), but legumes certainly 
do well farther south. 

Effect of revegetation methods 

Although the varieties listed above have been successful, their success is greatly dependent upon 
the correct use of revegetation methods such as were' previously explained. All studies recommend 
fertilizer application, but rates vary widely and there are significant differences in fertilities between 
sites. In one study with annuals, phosphorus and potassium appeared to be limiting in the first year. 
In the second year nitrogen was limiting, possibly due to the indirect effects of fertilization in the 
first year (Mitchell and McKendrick 1974a). Most studies recommend fertilizing initially with N, P and 
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and K when seeding occurs and possibly repeating applications in problem areas (Van Cleve and 
Manthei 1972). Unfortunately, no field studies with perennial species have yet been conducted to 
determine optimum fertilizer levels. Therefore, estimates of adequate fertilizer levels for a particular 
seed mix and site may be in error. Nurse crops are recommended in the Arctic where species grow 
more slowly, but are not needed in much of the Subarctic (Hernandez 1973a). Hormonal treat
ment of seeds seems to have little effect, if any (Mitchell and McKendrick 1974b). Seeding should 
be done either early in the growing season or in late fall (Hernandez 1973a). Drilling or otherwise 
covering the seeds with a light cover of soil can significantly increase germination rates and conse
quently decrease the need for high seeding rates (Mitchell and McKendrick 1974b). 

After initial evaluations of the varieties have been done separately, trials can be made with 
some seed mixes of the promising entries. Such mixes generally gave better results (i.e. higher per
centage of ground cover) than single species tests, but results were much less than the sum of re-
sults for individual species (Mitchell and McKendrick 1974a, Van Cleve and Manthei 1972 and 1973). 

Site conditions 

Site differences have been shown to be very important, as previously described. Gravel substrates 
over berms may be particularly limiting, largely due to low moisture, and may require mulching or 
other means of improving the water holding capacity of the seedbed (Van Cleve and Manthei 1972 
and 1973). An organic mat may help to preserve the thermal stability of a site and may have a 
high nutrient capital, but if it dries out, it can lower the germination of seeds which land on top of 
it. For example, when turf was replaced and subsequently seeded and fertilized, seedlings grew 
only between the turf clumps (Van Cleve and Manthei 1972). 

A special case of a site problem occurs with oil spills. Although some components of crude oil 
are toxic to plants, it appears that these are readily volatilized or degraded. The main problem in 
revegetating an oil spill site is to reestablish good soil moisture conditions. On sites without perma
frost, removing the organic mat, fertilizing, and seeding with agronomic varieties gives good success 
in revegetation, but permafrost areas may require other techniques (Deneke et al. 1975). 

Maintenance of herbaceous cover 

In some cases it is desirable to maintain the herbaceous cover established by revegetation. This 
requires management techniques such as brush cutting or herbicide treatments in subarctic areas 
(Hawk 1973). Repeated fertilizer application and reseedings may also be important, especially in 
the Arctic where the short-term results indicate a continued decline of cover by agronomic species 
(Van Cleve and Manthei 1973, see Fig. 2). But techniques for maintaining revegetated arctic areas 
have not yet been developed because of the recent nature of this research. 

INTRODUCED WOODY SPECIES 

Very little research has gone into testing introduced woody species (primarily ornamentals) for 
revegetation in the Arctic and Subarctic. The only reference for introducing such species in the 
Arctic involved transplanting lodgepole pine seedlings (Van Cleve and Manthei 1972), and for the 
Subarctic there has been only a general discussion of methods (Epps 1973). Therefore, introduced 
woody species are not currently used widely for revegetation within the Subarctic and Arctic, due 
to lack of seed and other factors. But, if efforts to develop varieties of introduced woody species 
continue so that commercial seed supplies become available, these varieties could become another 
important source of revegetation material. 
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NATIVE SPECIES - SUCCESSION 

The emphasis upon native species and their use in revegetation has increased tremendously in the 
past 5-10 years. Much of the basic information needed for such revegetation with native species has 
come from studies of succession in the Arctic and Subarctic. Therefore, although the following is 
not meant to be a complete review of successional studies in this region, it does mention many of 
the best known studies andit stresses the aspects which are pertinent to revegetation needs. 

Successional studies can aid revegetation efforts in a number of different ways. First, they pro
vide background knowledge that can be used as a basis for selecting native species for revegetation 
trials. They identify those which are the "pioneer" species in various situations (i.e. the first species 
to colonize sites) and help to give some indication of seed dispersal capabilities and reproductive po
tential (both s~xual and asexual) of species. In certain cases, successional studies even verify which 
species are best able to control erosion. 

A second benefit gained from at least some successional studies is knowledge of the rates of suc
cession. Although most studies can only give a general idea of the time span involved (Viereck 1966, 
1970 and 1973, Hettinger and Janz 1974, Hernandez 1974, Drury 1956, Lutz 1956, Bliss and Cant
lon 1957) there are a few studies which give very specific rates. Unfortunately these strict time 
frames are only for the early stages of succession (Hok 1971, Clautice 1974, Hernandez 1973b). It 
should also be noted that succession rates show a great deal of site to site variability, and it is not to 
be expected that very exact times can be given unless site conditions are well specified. 

As more knowledge is gained of such rates of succession it will become possible to make better 
management decisions regarding revegetation. Our present lack of knowledge of succession largely 
dictates a policy of artificial revegetation or, at most, an integrated approach that includes both 
artificial manipulation and natural succession. But if good estimates of succession rates were to 
become available, it would be possible, depending updn.management objectives, to leave some dis
turbed sites alone and to allow natural succession to occur. For example, low visual impact areas 
that are not subject to water-induced erosion or thermokarst could be allowed to revegetate natur
ally by succession if adequate seed sources are available. Furthermore, better, knowledge of succes
sional rates would allow prediction of how quickly restoration could occur, either with or without 
artificial revegetation. This would allow, for example, environmental regulations to be written that 
require restoration within a certain time period. 

Successional studies have revealed many of the chemical and physical changes which occur over 
time (Van Cleve et al. 1971, Viereck 1966, 1970 and 1973, Heilman 1968, Van Cleve and Viereck 
1972). These results could prove valuable since revegetation techniques essentially strive to bring 
about many of the same changes as occur by natural processes in order to establish and maintain 
vegetation. Hence, this information will help to direct revegetation schemes. For example, informa
tion on changes in nutrient status will help to predict what levels of fertilization will be required for 
certain types of revegetation. 

Significance of disturbance 

The arctic and subarctic zones are characterized by a multitude of natural disturbances which 
disrupt or destroy existing vegetation. Succession subsequently takes place on such sites. Because 
of the recurrent nature of many of these disturbances - such as fire, frost processes, and river 
erosion - many plant species in this region have evolved s9 that their continued presence may in 
fact be dependent upon the disturbances creating suitable habitats. In some cases climate may be 
so severe and disturbances so frequent that there is cyclic succession (in lieu of directional succession) 
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and no one community is self-perpetuating (Churchill and Hanson 1958, Muller 1952). The Arctic 
especially is not a stable system, as evidenced by the wide fluctuations in some animal populations 
and the year-to-year variability in growing season conditions. But the Arctic could be called resilient 
(Holling 1973) provided that perturbations upon it, both man-induced and natural, do not exceed 
the degree of severity of natural disturbances - a key point. The Arctic has been referred to as 
"fragile," but this concept may only apply when disturbances are severe enough that they drastically 
alter the thermal stability of the substrate (Billings 1973, Dunbar 1973, Ives 1974), 

These points have important implications for revegetation. First, in both the Arctic and Sub
arctic (because of the frequency, variability, and widespread occurrence of disturbances), there ap
pears to be a high percentage of native species which might have good potential for revegetation of 
sites which are disturbed in a manner similar to natural perturbations. For example, in the Subarc
tic, species which resprout from rootstock, such as willow, have good potential for revegetating win
ter trails where only the aboveground vegetation has been bladed off. Second, because there do 
appear to be limits to the degree of disturbance from which the native vegetation can readily re
cover, revegetation may only be successful after disturbances which do not exceed such limits (Hill 
1975). For instance, on ice-rich permafrost sites, thermo karst will occur once the surface is suffi
ently disturbed. On such sites vegetation cannot reestablish itself until the site stabilizes by reaching 
a new erosional equilibrium (Hok 1971). 

There are two general types of succession: primary succession which starts from a bare surface, 
and secondary succession which occurs after a disturbance that only partially removes existing vege
tation, such as the removal of aboveground but not belowground plant tissue (Kershaw 1973). Both 
types of succession can occur after either natural or man-induced disturbances. Primary succession 
could occur on deglaciated surfaces (Viereck 1966), newly deposited alluvium along river channels 
(Bliss and Cantlon 1957) or on deeply bladed trailS which have lost all vegetation and organic matter 
(Hernandez 1973b). Similarly, secondary succession occurs following fire (Lutz 1956), frost action 
and permafrost degradation (Benninghoff 1952, Hopkins and Sigafoos 1951, Lambert 1972), along 
winter haul roads (Hernandez 1974), after forest harvesting operations, on off-road vehicle (ORV) 
paths (Hok 1971), and on oil spill sites (Deneke etal. 1975). 

Primary succession 

Studies of primary succession will be grouped together in this discussion. The successional pro
cess is somewhat similar on all bare surfaces since propagules (seeds, rhizomes, etc.) must come onto 
the area from outside sources. 

When the bare surface results from river erosion it may have a nutrient-rich silt layer deposited 
over it, whereas a bulldozer blade or a retreating glacier removes all the surface organic matter and 
leaves an exposed surface which is very low in nutrients, especially nitrogen (Viereck 1966 and 
1970). When bladed trails are made over permafrost, the active layer increases and subsidence may 
occur (Hok 1969 and 1971, Rickard and Slaughter 1973, Hernandez 1972, 1973b, 1974, Brown et 
al. 1969) whereas other types of disturbances do not usually cause permafrost instability. Revege
tation does not occur on unstable sites (Hok 1971) but once water-induced erosion ceases and ther
mal stability is reestablished, successional trends on all types of sites are very similar. General 
trends include an increasing of vegetative cover with "an increased surface organic layer thickness, 
and a resultant decrease in the active layer depth, soil drainage, soil temperature, and hence biologi
cal activity" (Hettinger and Janz 1974, p. 721). Nitrogen levels, at least in the Subarctic, tend to 
increase as nitrogen-fixing plants invade the area (Van Cleve et al. 1971, Viereck 1966 and 1970). 

Only general rates of succession are known except for the short-term succession rates on 
bladed trails. One arctic study found vigorous but incomplete vegetative cover after just two years 
and complete cover after 11 years (Hok 1971). Another study found 30-50% cover after six years 
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(Hernandez 1973b). But complete recovery of the microtopography and drainage pattern and re
storation of the original vegetation could take much longer, on the order of hundreds or thousands 
of years. Further, rates can vary greatly, especially at sites with severe conditions. 

The percentage of cover of pioneer species varies according to the general location and the site 
conditions. One study done on disturbed sites on the Alaskan North Slope found important species 
on mesic sites to be tall arctic grass, bluejoint, Poa arctica and Luzula confusa, and on wetter sites 
Arctophila fulva, Carex aquatiUs (Hernandez 1973b), Senecio congestus and Eriophorum scheucheri 

(Hok 1969 and 1971). In the Subarctic and along arctic rivers, the number of pioneer species 
greatly increases relative to the number found on arctic upland and coastal plain sites, with shrubs 
such as willow and alder (which can increase soil nitrogen) rapidly becoming established. Also herbs 
such as fireweed, bluejoint, and some legumes are characteristic pioneers (Viereck 1970, Bliss and 
Cantlon 1957). Detailed lists of pioneer species in the various series can be found in Drury (1956), 
Bliss and Cantlon (1957), and Viereck (1970). 

Secondary succession 

In a similar manner one can discuss secondary succession which can occur after fire, frost action, 
construction of winter haul roads, and ORV traffic. (Oil spills will be discussed separately.) In the 
less extreme instances of these types of disturbance, at least most of the organic mat and peat, if 
present, remains in place. This preserves most of the nutrients present at the time of the disturbance, 
although fire may volatilize much of the nitrogen present in the surface layer and leaching may re-
move nutrients in subsequent years (Van Cleve 1971). Besides killing the surface vegetation, a major 
effect of these disturbances may be the disruption of the thermal regime of the soil. Results are vari
able, with some sites showing increases in the active layer (Lutz 1956, Bless and Wein 1972b, Hernandez 
1973b, Wein and Bliss 1973a, Haag and Bliss 1973) while others show very little increase (Babb and 
Bliss 1974, Viereck 1973). Presumably differences in ice content and degree of vegetative cover 
before the disturbance account for this variability. One study concluded that the thaw depth was 
increased "30 to 50% if the peat remained intact, and 10% if plant cover was little altered" (Her
nandez 1973b, p. 2177). These increases are still generally less than the increase in thaw depths 
on bladed trails. As thaw depth increases it warms the soils, resulting in a greater volume of soil 
available for plant root growth and nutrient uptake, thereby making more nutrients available. Both 
of these factors favor increased plant growth (Hernandez 1973b, Wein and Bliss 1973a). 

Largely because of the rootstock remaining in the organic mat, secondary succession for some 
species can be very rapid. But organic matter can also affect succession rates by improving the 
soil moisture holding capacity, increasing nutrient availability, and altering microsites for seeds. In 
the Subarctic "revegetation of recently burned areas by forest trees is usually prompt" with only 
unusually dry sites being a problem (Lutz 1956, p. 90). Other subarctic studies show that rootstock 
of woody species such as willows, aspen, and balsam poplar can resprout and show vigorous growth 
(Zasada 1971). Especially on permafrost sites where rootstock, even during fires, is protected by 
the moist moss layer, there can be rapid revegetation (two years) from existing rootstock of shrubby 
species (Rubus chamaemorus, Ledum groenlandicum) as well as herbs (bluejoint, Equisetum pra ten se , 
etc.) (Clautice 1974). Other research at disturbed subarctic sites has found that bluejoint (Cala

magrostis canadensis) and Corydalis sempervirens are primary invaders. Experimental applications 
of fertilizer have had very little effect on bluejoint but have increased growth in Corydalis (Van Cleve 
and Manthei 1972). 

Rapid recovery of some vegetation also occurred in arctic and subarctic cottongrass communities 
that were burned (Wein and Bliss 1973a) or used for winter roads (Hernandez 1973b). This rapid 

regrowth can be attributed largely to the persistence of viable rootstock. Observations of arctic 
disturbances and buffer zones around revegetation plots showed that most of the new growth by 
native species was from rootstock. At Prudhoe Bay, Alaska, the only native invasion was by regrowth 
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of sedge rootstock, while at other sites Arctostaphylos sp., Salix spp., Vaccinium sp., and other 
woody plants also regrew from rootstock (Van Cleve and Manthei 1972). 

The importance and capacity of rootstock to quickly revegetate some arctic sites is not surpris
ing since there is a high root/shoot ratio in tundra ecosystems, and tundra plants rely heavily upon 
vegetative reproduction and hence are well adapted for it (Bliss 1971). There are many exceptions 
to these high rates of recovery, and especially in the high Arctic, rates of succession may be much 
lower so that little growth may be present even 10 to 20 years later (Babb and Bliss 1974, Bliss and 
We in 1972b). Nevertheless, these observations indicate that some disturbances which leave viable 
rootstock in the organic mat may not require artificial revegetation because of rapid rates of 
succession. 

The species composition of the early seres in a secondary succession varies with the generalloca
tion and the particular site characteristics. Since much of the new vegetative cover can come from 
pre-existing rootstock, many of the species were already present before the disturbance. For example, 
in the Arctic such species as Eriophorum vaginatum, bluejoint (Bliss and Wein 1972b), and Carex big
elowii (Hernandez 1973b) can resprout. In the Subarctic and low Arctic fireweed was one of the few 
species observed to invade sites by means of seeds (Wein and Bliss 1973a, Clautice 1974). 

Oil spills are a special case, because there may be residual effects after the initial disturbance so 
that new vegetation may not be present even 16 years after the spill (Troth et al. 1973). This delay 
may be due in part to residual components of the oil on organic mats that indirectly inhibit revege
tation by interfering with the seed-soil moisture relations (Deneke et al. 1975). In many other as
pects oil spills are very similar to other secondary succession sequences. The active layer may in
crease (Deneke et al. 1975) or remain unchanged (Wein and Bliss 1973b). Nutrient levels generally 
seem to increase (Deneke et al. 1975, Wein and Bliss 1973b). If the oil does not enter the soil and 
kill existing roots, regrowth, especially of the woody species such as the willows and dwarf birch 
(Wein and Bliss 1973b), can be rapid. A situation such as this is analogous to most other secondary 
successions. On the other hand, if sufficient oil does penetrate to the root zone, then the existing 
roots may be killed. Since the residual oil on the organic mat will then inhibit seed germination, 
the result will be a decrease in the rate of succession. There is some evidence that certain species 
such as Carex aquatilis may be more tolerant of crude oil exposure to their roots, but this has not 
been adequately tested (Deneke et al. 1975). A series of Canadian reports details the changes re
sulting from oil spills at both arctic and subarctic sites (Hutchinson and Hellebust 1974, Hutchinson 
et al. 1974, Hutchinson and Freedman 1975). 

HERBACEOUS NATIVE SPECIES 

Selection 

Research with herbaceous native species for revegetation is analogous in most respects to research 

with agronomic species, but there are some important differences as will become evident. The initial 
step, once again, is to select those species which seem to have good potential. Selection considera
tions largely parallel those discussed for agronomics, i.e. reproductive potential, moisture require
ments, and growth form - especially as related to the objectives of revegetation (Van Cleve and 
Manthei 1972). Considerations of winter and summer cold hardiness are not as likely to be needed 
when the species is to be used where it normally occurs. However, it may be important if the 
species is tried in another region or even in a habitat with a very different microenvironment 
(Mitchell 1972). A unique consideration is whether or not the species is a pioneer species on the 
particular type of site to be revegetated (Klebesadel 1971 band 1973, Mitchell 1972 and 1973a). 
Although these types of information are not always available for native species, at least some idea 
of their autecologies can be obtained from successional studies such as those which have been dis
cussed. Also there have been some small-scale programs in the last 10 to 15 years for collection of 
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and research on native species that might be useful for cultivation. Valuable information including 
distribution patterns (KlebesadeI1969, Mitchel and Evans 1966), growth habits, and response to 
fertilization (KlebesadeI1966, Laughlin 1969) has come from this source. 

Following the initial selection, another consideration arises that must be considered in a final 
selection of a species. This is the need for production of commercial quantities of seed. Because 
of cost and problems of facilities, current projects for seed increase programs have opted for using 
already existing research areas in the Subarctic (Mitchell 1972, Mitchell and McKendrick 1974a 
and b). This does not pose a problem for subarctic species, but for arctic species there are the 
added problems of adapting a species to another environment and, especially, of getting flowering 
and seed set to occur under the very different environmental conditions (e.g. photoperiod, etc.). 
Nevertheless, if the need for revegetation within the Arctic is going to be a continuing one, then 
it would certainly be advantageous to establish seed increase programs at one or more sites within 
the Arctic where the native species occur naturally (Younkin 1973). 

Other problems experienced in seed increase programs were poor seed production (Klebesadel 
1974a, Mitchell 1972), inappropriate growth form, and seed harvest (Klebesadel et al. 1962). These 
problems may be bypassed ifrevegetation methods not requiring seed are used, but large-scale re
vegetation usually involves seeding (KlebesadeI1973). Seed production and field tests of native 
species necessitate a two-phase, ongoing testing program. Initial seed increase programs supply seed 
for field tests, and then largely because of the wide variability (seed production, vigor, etc.) shown 
by native species' populations, seed from the better adapted plants is used for further seed produc
tion and field tests (Mitchell and McKendrick 1974b). 

Laboratory evaluation 

Laboratory testing of native species has included germination tests for temperature and moisture 
(Mitchell and McKendrick 1974b, Van Cleve and Manthei 1972, Younkin 1973, Klebesadel1969, 
Wein and MacLean 1973), seedling emergence and survival (KlebesadeI1969, Younkin 1973), shoot 
and root production (Younkin 1973), seed viability after storage and dormancy requirements (Wein 
and MacLean 1973), seed threshing (Klebesadel et al. 1962), and chromosome numbers (Mitchell 
1968). It is interesting to note that some native species, such as Eriophorum vaginatum, had high 
optimum temperatures for germination in the laboratory (Wein and Maclean 1973). Further, all 
species tested under laboratory conditions had reduced germination rates at low temperatures 
(Younkin 1973). These results may not be true in all natural situations, however, since seeds may 
react differently after overwintering, and germination at low temperatures may have increased with 
experiments of long duration. 

Field evaluation 

Field testing has also paralleled testing of agronomic species. Success criteria have been the same 
as those previously discussed for the agronomics, and once again these are influenced by the objec
tives of the revegetation. The early field tests began with a number of entries selected on the basis 
of preliminary evaluations. The number of species has now been reduced somewhat on the basis 
of several years' results. At Palmer, Alaska, six species are now undergoing seed increase and other 
testing programs: Greenland bluegrass (Poa glauca), arcticgrass - four varieties (Arctagrostis lati
folia), red fescue - two varieties (Festuca rubra), alkaligrass - two varieties (Puccinellia borealis), 
hairgrass - three varieties (Deschampsia cespitosa/beringensis complex), and bluejoint reedgrass 
(Calamagrostis canadensis) (Mitchell and McKendrick 1974b). Other studies have had excellent 
results with bluejoint and arcticgrass (Henandez 1973a). The last study found that these two native 
species had slower initial growth than the three best agronomic species. This is probably to be ex
pected with all native entries since they rely upon a conservative growth strategy to survive under 
arctic conditions. 
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A particularly detailed study was made of blue joint and arcticgrass (Younkin 1973). Bluejoint 
is common in the Subarctic, rare in the low Arctic and absent in the high Arctic (Mitchell 1965), 
whereas arcticgrass is confined to regions north of 50° latitude (KJebesadel 1969). In the low Arctic, 
arcticgrass was found generally on moist sites while bluejoint occurred on many types of sites but did 
not appear vigorous. Both species produced small amounts of seed relative to other native species, 
but (unlike the other species' seed) the germination rates were high (over SO%). Growth was slow 
during the first year in both species, but there was little winterkill and they flowered the second 
year. Subsequent tests showed that bluejoint root production was stopped by cold soils (below 5° 
to SOC) whereas arcticgrass roots grew until reaching soils at 2° to 5°C. Both species had better 
root growth in cold soils than did agronomic species (Younkin 1973). 

Very few field tests have used native legumes, despite their importance as pioneer species and 
their importance for improving the nitrogen content in the ecosystem. Preliminary testing has re
vealed "poor seedling vigor and slow establishment [which] has been a uniform.disadvantage in 
virtually all native legumes tested" (Klebesadel1971 b, p. 11). 

Effect of revegetation methods 

Most of the techniques used for revegetation by native species and the results of these techniques 
parallel the information already given for the agronomic species. For example, seeding methods that 
give shallow seed placement are much more effective than surface seeding for both native and agro
nomic species (KlebesadeI1969). Fertilization increases growth rates and hence coverage of the 
native species. But, unlike the agronomics, it may not be an absolute requirement for at least some 
of the native species, since they can invade some unfertilized disturbed areas. Little or no research 
has been done, however, to determine if native species can invade on all types of disturbed sub
strates. Therefore, it is possible that even natives may require fertilization to invade sites that are 
exceptionally nutrient poor, as in cases where the organic mat is removed. Furthermore, native 
species may have increased growth rates, and so they more quickly stabilize a disturbed site if ferti
lizer is used. For example, after the first growing season at an arctic site, a mix of native bluejoint, 
tall arcticgrass, marsh fleabane, and fireweed had, on both mineral soil and peat surfaces, low but 
noticeable cover (0.2 to 0.5%) without fertilization and about three times as much cover with 100 
kgjha of both Nand P. Fireweed was the most successful species of the first season (Hernandez 
1973a). 

Other techniques which have been tried with native species include sprigging, coring, and sodding. 
Sprigging "involves harvest of living rhizomes or stolons (above-ground creeping stems), cutting 
these into short segments, and replanting these propagules" (Klebesadel 1974a, p. 10). Disadvan
tages of this method are that the sprigging material is bulkier and more delicate than seeding and re
quires special equipment. It has advantages, however, because in general it has shown a higher rate 
of establishment than by seeding, and sprigging material can be gathered over a longer period of time 
than seeds (KlebesadeI1974a). The sprigging method would seem to be especially suitable for many 
native species which rely heavily upon vegetative reproduction, but it has been tried very little for 
revegetation. A slightly different technique is coring, where plugs of material from native plants 

are planted on areas to be revegetated. Plugs of 6 in. diameter have shown some success after 
two seasons, but there was no response to fertilization and very little expansion of the plants 
(Van Cleve and Manthei 1973). The Alaska Department of Highways has used this technique in 
the Subarctic in one instance. The plugs survived well but showed little expansion in area. 

The final method, sodding, involves replacing the organic mat which has been removed by blad
ing or some other means. This method can not only reestablish native species but it can also help 
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to reduce thermal disturbance. In one community of Eriophorum where tussocks were replaced, 
35 to 45% rerooted without fertilization and 65 to 75% rerooted when fertilizer was used (Dabbs 
et al. 1974). This method could prove to be a very valuable one, at least in areas of more tussocked 
tundra (Hernandez 1973a), but it has not been adequately evaluated. Some replacements have 
not shown any rerooting, and it seems that timing and prevention of drying are very important 
(Van Cleve and Manthei 1972). 

A relatively unique technique is management of existing native communities in order to increase 
seed production or natural regrowth. In one.case, portions of tundra were fertilized with N, P, and 
K to see if this had any effect upon seed production. The results were inconclusive, however, be
cause no seed was produced on either control or fertilized plots and rates and combinations of nu
trients were not fully tested (Mitchell and McKendrick 197 4b). Therefore, the possibility of man
aging native communities by fertilizer applications shoiJld be tested further. 

Fertilization of disturbed native communities has also been tried. On subarctic oil spill sites 
fertilizing the organic mat showed that revegetation still did not occur, probably due to the disrup
tion of the seed-soil moisture regime (Deneke et al. 1975). Other studies of fertilized disturbed 
areas have concluded that fertilization had little or no noticeable effect on vascular species but in
creased non-vascular plant growth (Van Cleve and Manthei 1973). 

WOODY NATIVE SPECIES 

Information on woody native species has come from various sources such as succession studies 
and forestry studies. One early study gives directions on seed treatment as well as briefly describ-
ing other methods of propagation for a number of subarctic and arctic species (Babb 1959). For
estry studies provide information on seed production (Zasada and Gregory 1972, Zasada and Viereck 
1970) and seed collection and storage (Zasada 1973). Other studies summarize the autecology of 
commercially important species and describe factors relating to their regeneration (Zasada 1969 
and 1972). This information can provide a valuable reference base from which vegetation tech' 
niques for woody species can develop. 

Selection 

Forestry studies provide knowledge of which are the "pioneer" species, and what their reproduc
tive potential, moisture requirements, and growth forms are. This information can then be used as 
a basis for selecting species for revegetation. Woody species offer somewhat unique possibilities in 
addition to the general revegetation objectives already given. Because of such characteristics as 
longer and deeper roots, woody tissue, and greater height, they are better adapted than herbaceous 
species to meet such objectives as stabilizing slopes, producing browse, and creating visual screens. 
These objectives help determine which species should be used in a particular situation. 

Laboratory evaluation 

Although laboratory research on woody species has not been as extensive as for herbaceous 
species, there have been studies on germination of selected woody species (Zasada and Viereck, in 
press, Zasada and Coyne unpublished, Densmore 1974). These have elucidated the effects of temp
erature, moisture, and other factors upon germination of woody plant seeds. But there is a need 
for more research, including nutritional studies with wood species. 
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Field evaluation 

Field tests of woody species have also been very limited. Studies using transplanted white spruce 
and lodgepole pine seedlings were successful for at least one season and showed no effect of fertiliza
tion (Van Cleve and Manthei 1972). Woody species in the Subarctic, especially shrubs such as wil
lows and alder, can be propagated under some conditions by cuttings (Epps 1973). Alder may be 
especially valuable since it aids in increasing soil nitrogen. One study had high success rates with 
both willow and alder cuttings, although success rates varied according to species (Dabbs et a1. 
1974). Timing and substrate moisture can be critical, since willow cuttings completely failed on 
other sites (Van Cleve and Manthei 1972, Van Cleve and Kimker 1974). TheIefore, results with 
shrub cuttings offer promise, but more information is needed to fully evaluate them. 

Native species and agronomic species, in combination 

Although agronomic and native species were discussed separately there has been some research 
with both types, and studies have documented survival of agronomic seed in natural communities 
as well as reinvasion of revegetation plots by native species. Establishment of agronomic seed in 
native communities has been very low or nonexistent according to short-term results (Hernandez 
1973a, Van Cleve and Manthei 1973). On the other hand, percentage of cover of agronomic species 
in revegetation plots has generally decreased over time while native species have reinvaded the area 
(Van Cleve and Manthei 1973, Hernandez 1973a, Van Cleve 1975). These results are not conclu
sive, especially since agronomics may become better adapted as specific traits are developed through 
breeding programs. However, they do indicate that in vegetation plots native species probably will 
eventually replace the agronomic species (Mitchell 1972). Results with mixtures of native and agro
nomic species have been generally favorable, although growth of the native species is slower feJr at 
least several years. Such mixes have been recommended for use in revegetating the area around the 
Canadian arctic gas pipeline (Hernandez 1973a). The competitive relationships between the native 
and the agronomic species or even between two or more agronomic species are not well known. 
Therefore, it is difficult to predict the actual results from such seed mixes. For example, some 
rapidly growing agronomic species may initially retard the growth of the native species through 
competitive effects, while over a longer period the better adapted native species may hasten the 
decline of the agronomic species. 

DISCUSSION 

The relatively short time since revegetation research began in the Arctic and the Subarctic is 
readily apparent since results are tentative. There are many areas where little or no research has 
been conducted, and the need for quick results has unfortunately forced most of the research to 
be concentrated in just a few areas that can provide answers in a short period of time. But the 
complexity and diversity of the problems involved in revegetation in this region ensure that no one 
method, such as using only grass seeds and fertilizer applications, can meet all of the needs for 
revegetation. Therefore, there is a real need to view revegetation research not as the search for 
an optimum method, but rather as the elucidation of a complex set of strategies which can be 
adapted to a multitude of situations and goals. This will entail more detailed studies of specialized 
methods, such as sodding and propagation of woody species by cuttings, as well as further research 
on grasses including more tests with native species and seed mixes. 

There are a number of problems connected with revegetation in the north. First, there is the 
difficulty that revegetation may not be able to achieve everything that is expected of it, such as pre
vention of thermo karst. At other times goals may conflict, as when a grass cover must be maintained 
although partial restoration is also desired. Revegetation poses many ecological problems even as it 
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seeks to restore ecological balances. Fertilization can cause eutrophication of nearby water bodies 
(National Academy of Sciences 1969) and can alter the species composition which normally occurs. 
Even if agronomic species in seed mixes do not invade established communities, "contaminants" 
within the mix may become weeds, as has occurred in other types of ecosystems (Elton 1958, 
Zasada 1975). Grazing has largely been considered as a problem for the vegetation, but revegetated 
areas - especially if they are stands of foreign species - possibly could have harmful effects upon 
grazing animals by altering their behavior or by upsetting digestive functions. 

RECOMMENDA nONS FOR RESEARCH 

There is a general need first to identify and then to quantify the critical parameters for revege
tation. Before and after various types of disturbances (e.g., fire, blading of trails, oil spills, etc.) 
the factors important to revegetation - such as nutrient status, moisture holding capacity, and 
soil bulk density - must be identified and then measured. Similarly, changes in these factors should 
be measured while revegetation occurs. This information would allow a better understanding of re
vegetation processes and also increase our ability to extrapolate information from one site to 
another. 

Present revegetation research should be continued so that longer term results can be obtained. 
The slowness of some processes in the colder northern regions, the increasing development in these 
regions, and the emphasis upon restoration point out the need to be able to predict eventual out
comes of revegetation methods. 

There are many analogies between investigations of natural succession and revegetation research. 
More detailed knowledge of the physical, chemical, and biological changes accompanying succession 
and how best to simulate those changes with revegetation methods should be examined. More aut
ecological studies of promising native species similar to Younkin's (1973) could provide many valu
able new entries for revegetation. In addition more detailed research on succession could better 
quantify time frames for succession, so that better decisions could be made as to whether or not a 
site should be artificially revegetated. 

A critical need exists for many more integrated studies, now that at least a good portion of the 
preliminary work on single techniques and species has been accomplished. Studies of competition 
between annual and perennial, woody and herbaceous, and agronomic and native species will aid 
in qetermining which mixes of species are best suited for particular situations. Also this research 

, would help to predict how different artificial revegetation schemes would affect longer term pro
cesses, such as restoration, as we~ as how artificial and natural revegetation (or succession) will 
interact. 

The widespread use of fertilizers in almost every scheme of revegetation attests to their import
ance. Yet very little has been done to determine optimum field levels of fertilizers and critical 
nutrients for particular species. There is a particular need to examine the relationship between the 
extent of the disturbance and the response of agronomic and native species to fertilizer. It is neces
sary to better understand the long-term effects of fertilization, as well as the similarities and differ-

, ences between fertilization and changes in nutrients during succession. The effect of fertilization 
upon existing native vegetation in order to increase seed production should be studied. Other re
search needs include more testing over berms, development of revegetation methods for packed 
gravel pads, studies of mosses for revegetation (since they are so important to the thermal regime), 
and testing to see if methods developed on small test plots can be used effectively on a large scale 
(Hernandez 1973a). 

21 



Another general area of research that needs to be expanded is that of native woody species. 
The limitations as well as the recommended methods for shrub cuttings need to be developed. 
Methods of gathering seed should be examined and general autecological studies of promising 
species for revegetation need to be continued. 

SUMMARY 

1. Revegetation in the subarctic and arctic regions of North America is a relatively recent devel
opment and most results are only tentative. 

2. Objectives of revegetation include erosion control, production of browse, and aesthetic 
enhancement. 

3. A number of techniques have been used and evaluated in revegetation research. These involve 
such things as seeding methods, seedbed preparation, nurse crop production, and especially fertiliza
tion. 

4. Most of the research has evaluated revegetation by seeding agronomic species, mainly grasses. 
The two best varieties for the Arctic ~re Arctared fescue and Nugget bluegrass. In the Subarctic 
the number of successful species enlarges to include creeping red fescue, meadow foxtail, Frontier 
reed canarygrass, Durar hard fescue, slender wheatgrass, and Icelandic poa. 

5. The difficulty of revegetation by seed varies according to the type of site and substrate. 

6. Succession studies have identified many promising native species for revegetation and have 
helped in devising revegetation methods. 

7. Evaluation of native herbaceous species revealed that Greenland bluegrass, arcticgrass, red 
fescue, alkaligrass, hairgrass, and bluejoint reedgrass were promising. Special methods such as sod
ding m~y prove valuable in reestablishing native species such as Eriophorum vaginatum. 

8. Very little research has been done with native woody species, but cuttings of alder and wil
low and seeds of birch, alder, and spruce seem to offer promise. 

9. There are a number of research needs and problems associated with revegetation in this 
region. 
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APPENDIX: SPECIES TESTED 

Dabbs et al. (1974), Hernandez (1973a), Van Cleve and Manthei (1972) 
and Mitchell and McKendrick (1974b). 

Table AI. Grasses seeded in the experimental test plots at the arctic test facility 
from Dabbs et al. (1974). 

Common name Botanical name Rate/acre (no.) 

Brown top Agrostis tenius 10 
Creeping bent A. palustris 10 
Red top A. alba 40 
Canada bluegrass Poa compressa SO 
Fowl bluegrass P. palustris 30 
Kentucky bluegrass P. pratensis 30 
Rough bluegrass P. trivia lis 30 
Creeping red fescue Festuca rubra SO 
Meadow fescue F. elatior 30 
Reed fescue, Alta fescue F. arundinacea 30 
Sheep fescue F.ovina SO 
Meadow foxtail Alopecurus pratensis 30 
Reed canary grass Phalaris arundinacea 30 
Crested wheatgrass Agropyron crista tum 30 
Intermedia te wheatgrass A. intermedium 30 
Slender wheatgrass A. trachycaulum 30 
Streambank wheatgrass A. riparium 30 
Tall wheatgrass A. elongatum 30 
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Table All. Common and scientific names of agronomically selected and native species sown 
in test plots at Norman Wells (NW), Inuvik (I), and Tuktoyaktuk (T), Northwest 

Territories and Prudhoe Bay (PB), Alaska in 1970, 1971 and/or 1972 

Common or variety name 

Canon Canada bluegrass 
Nugget Kentucky bluegrass 
Polar bromegrass 
Arctared creeping red fescue 
Boreal creeping red fescue, 
Meadow foxtail 
Kall orchardgrass 
Frontier reed canary grass 
Imperial reed canarygrass 
Climax timothy 
Engmo timothy 
Fairway crested wheatgrass 
Greenleaf pubescent wheatgrass 
Slender whea tgrass 
Streambank wheatgrass 
Sawki Russian wildrye 

Pendec Oats 
Frontier Rye 

Falcata alfalfa 
Aurora alsike clover 
Leo birdsfoot trefoil 

Tall arcticgrass 
Bluejoint 

Cottongrass 

Fireweed 
Marsh fleabane 

from Hernandez (1973a). 

Scientific name 

Agronomically selected species 

Perennial Grasses 

Poa compressa L. 
Poa pratensis L. 
Bromus inermis Leyss. 
Festuca rubra L. call. 
Festuca rubra L. call. 
Alopecurus pratensis L. 
Dactylis glomerata L. 
Phalaris arundinacea L. 
Phalaris arundinacea L. 
Phleum pratense L. 
Phleum pratense L. 
Agropyron crista tum L. Gaertn. 
Agropyron tricophorum (Link) Riehl. 
Agropyron trachycaulum (Link) Malle 
Agropyron riparium Scribn. & Smith 
Elymus junceus Fisch. 

Cereal Annuals 

A vena sativa L. 
Seca/e cereale L. 

Legumes 

Medicago sativa L. 
Trifolium hybridum L. 
Lotus corniculatus L. 

Native species 

Grasses 

Arctagrostis latifolia (R.Br.) Griseb. 
Calamagrostis canadensis (Miehx.) Beauv. 

Sedge 

Eriophorum vagina tum L. 

Forbs 

Epilobium angustifolium L. 
Senecio congestus (R.Br.) DC. 
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Site 

I,T 
I,T,PB,NW 
I,T 
I,T,PB,NW 
I,T,PB,NW 
I,T,PB,NW 
I,T 
I,T,PB,NW 
1,1' 
PB,NW 
1,1' 
I,T,PB,NW 
1,1' 
1,1' 
I,T 
I,T,PB,NW 

PB,I,NW 
PB,I,NW 
PB,I,NW 

I,T 
I,T 

T 

T 
T 



Table AlII. Species field tested at revegetation study sites: Prudhoe Bay (P), Sagwon (S), 
Galbraith Dike (G), Wiseman (W), D all (0), Hess Creek (H), Anaktuvuk Pass (A), 

Identifica tion 

Barley 
Hordeum sp. 

Ryegrass 
Lolium sp. 

Spring rye 
Secale sp. 

Arctared fescue 
Festuca rubra L. 

Creeping red fescue 
F. rubra L. 

Durar hard fescue 
F. sp. 

Icelandic poa 
Poa pratensis L. 

Kentucky bluegrass 
P. pratensis L. 

Nugget bluegrass 
P. pratensis L. 

Manchar smooth brome 
Bromus inermus Leyss. 

Reed canarygrass-Frontier 
Phalaris arundinacea L. 

Deschampsia caespitosa 
L. Beauv. 

Meadow foxtail-Garrison 
Alopecurus pratensis L. 

Redtop Agrostis alba 
var. Major (Gaud.) Farw. 

Climax timothy 
Phleum pratense L. 

Engmo timothy 
P. pratense L. 

Agropyron trachycaulum 
(Link) Maltz. 

Nordan crested wheatgrass 
Agropyron cristatum (L) 
Gaertn. 

Siberian wheatgrass 
A. sibericum 

Sodar wheat grass 
A. sp. 

Mixed sweet clover 
Melilotus sp. 

and Fish Creek (F). 
From Van Cleve and Manthei (1972). 

Seed Source Application rate 

Annual grasses 

Commercial up to 100 Ibs/acre 

.Commercial 34lbs/acre 

Commercial 38lbs/acre 

Perennial grasses - low and creeping 

Alaska Crop Improvement 
Association - Palmer 

Commercial 

Alaska Crop Improvement 
Association - Palmer 

Agricultural Experiment 
Station - Palmer 

Commercial 

Alaska Crop Improvement 
Association - Palmer 

40lbs/acre 

38lbs/acre 

25 Ibs/acre 

92lbs/acre 

22lbs/acre 

20lbs/acre 

Perennial grasses - upright 

Commercial 

Commercial 

Agricultural Experiment 
Station - Palmer 

Commercial 

Agricultural Experiment 
Station - Palmer 

Commercial 

Agricultural Experiment 
Station - Palmer 

Agricultural Experiment 
Station - Palmer 

Commercial 

Commercial 

Alaska Crop Improvement 
Association - Palmer 

Legumes 

Commercial 
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24lbs/acre 

31 Ibs/acre 

13lbs/acre 

43lbs/acre 

38lbs/acre 

12lbs/acre 

12lbs/acre 

29lbs/acre 

25 Ibs/acre 

22lbs/acre 

12lbs/acre 

15 Ibs/acre 

Site 

D,F,W,A,G,P,S 

All 

All 

D,G,S,P 

P;G,W,D,H,A,F 

All 

D,F,A,G 

W,A,G,S,P 

H,D,W,A,S,P 

P,S,G,D,H,A,F 

All 

D,W,G,P 

All 

W,G,P 

All 

All 

H,D,W,A,G,S,P 

All 

All 

All 

All 



Table AIV. Entries of grasses placed in trial at Prudhoe Bay. 
From Mitchell and McKendrick (l974b). 

Species 

Agrostis alba (redtop bentgrass 
A. stolonifera (creeping bentrgrass) 
Agropyron macrourum (macrourum wheatgrass) 
A. trachycanlum (slender wheatgrass) 
A. violaceum (violet wheatgrass) 
Alopecurus alpin us (alpine foxtail) 
A. arundinaceus (creeping foxtail) 

A. pratensis (meadow foxtail) 

Arctagrostis !atifolia (arctic grass) 

Bromuspumpellianus (pumpelly brome) 
Calamagrostis canadensis (bluejoint reedgrass) 

C. Muexpensa (northern reedgrass) 
C. lapponica (Iapponica reedgrass) 
Deschampsia beringensis (Bering hairgrass) 
D. caespitosa (tufted hair grass) 
Festuca ovina (sheep fescue) 

F. pratensis (meadow fescue) 
F. rubra (red fescue) 

Phalaris arundinacea (reed canarygrass) 
Phleum pratense (timothy) 

Poa compressa (Canada bluegrass) 

No. of 
entries 

1 
3 
7 
1 
2 
3 

7 

15 

2 
11 

2 
5 
6 
4 

21 

1 
2 

4 

Origin 

Canada 
Sweden 
Alaska 
!Alaska 
Alaska 
U.S. 
2 Europe 
1 U.S. 
2 U.S. 
2 Iceland 
2 USSR 
1 Poland 
14 Abtska 
1 Canada 
Alaska 
10 Alaska 
1 Canada 
Alaska 
Alaska 
Alaska 
Alaska 
1 U.S. 
3 Europe 
Iceland 
1 U.S. 
9 Alaska 
5 Europe 
2 Canada 
5 Iceland 
Canada 
1 Norway 
1 USSR 
Canada 

*U.S. GOVERNMENT PRINTING OFFICE: 1979 - 601-041/354 

32 


	CR-76-15 cover.pdf
	CR-76-15 inside

