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n was estimated, using a direct harvest 
d in 1992. 

inf
that although scarifying soil may reduce bulk 
Abandoned Road
at Grand

By Edward Redente, Nlcholu Cotts, 
and Robert SChiller 

very park, monument, and historic site 
hin the National Park System has some 
urbance that can be associated with either 
tor present anthropogenic activities. These 
urbances alter both the structure and func­
 of ecosystems and may result in land­

pe features that are aesthetically unac­
table. Disturbed areas also become ideal 
ations for establishment and spread of 
tic plants and noxious weeds. 
estoration is the process of intentionally 
ring a site to establish a defined, indige­
s, historic ecosystem. The goal is to 

ulate the structure, function, diversity, and 
amics of the specified ecosystem. Recla­

tion, on the other hand, has been defined 
torically as the process of returning dis­
bed land to a condition that approximates 
 original site conditions and is habitable by 
 same or similar plants and animals as 
sted on the site before disturbance. 

eclamation typically involves the resto­
on of certain processes or functions, but 
ically stops well short of restoration. It 
y however be viewed as an important step 
ard restoration. Restoration will be suc­

sful only if we ( 1) adequately understand 
 the disturbed system functions and what 

 limiting factors are, and (2) develop and 
ly the correct prescriptions. The restora­
 process is not simple and in most cases 

uires enough time to allow natural biolog­
l process, such as succession, to occur. 
he NPS can use restoration techniques to 
t disturbed sites so as to control erosion, 
ove exotic and noxious plant species, 

rease biodiversity of indigenous species, 
stablish nutrient cycles, and improve aes­
tic values. This report summarizes results 
m a research project designed to test the 
ctiveness of different restoration tech­

ues on an abandoned road in Grand Teton 
. The specific objectives of this project 
re (1) to evaluate the effectiveness of 
ious levels of site manipulation such as 
ding, fertilizing, scarifying, topsoiling, 
 mulching, and (2) to compare the perfor­

nce of seed from native species collected 
hin the park to seed from native species 
ained from commercial sources. 
his research was part of a larger road 
struction project that included a seed col­

tion and increase program in association 
h the Soil Conservation Service. Seed that 
s collected in Grand Teton was increased 
the Environmental Plant Center in Meek­
CO, for restoration work in the park. 
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lot construction in the fall of 1988. 

oned road site at the north end of 
red Island in Grand Teton NP. Seed in 
a was collected to compare the effective­
f indigenous seed vs. commercial seed 

The Study Site 
e study was conducted within the dis­
 tracks of an abandoned road at a 2,075 

vation. Climate there is semiarid, with 
ry summers and cool, wet winters. 
ge annual precipitation is 68 em, with 
n annual temperature of 2.2 C. The 
of the area were formed on stream 
es and alluvial fans as well as glacial 
sh materials from the Teton range. The 
re characterized as well drained, with 

rate permeabilities. 
e undisturbed community surrounding 
udy site can be classified as a low 
rush/big sagebrush mosaic. The dis­
, abandoned road site consistedofhigh­
pacted soils, low organic matter and 

nt levels, and absence of vegetation. 

Methods 
e study was begun in the fall of 1988. 
a four year period, 14 treatments were 
. A detailed description of them can be 
 in Cotts et al. ( 1991 ). Plant cover was 
red by species during the growing sea­

of 1989 through 1992. In addition, 
y plant density was determined during 
me time period and aboveground pro­
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iltration and bulk density tests were 
cted on scarified/non-scarified treat­
 and topsoiled/non-topsoiled treatments 

sess the effect of soil scarifying and 
iling on infiltration and bulk density. 
egate stability analyses also were com­
d on the same treatments following the 
dures of Kemper and Rosenau (1986) 

derstand the relationship between bulk 
ty, infiltration, and aggregate size and 
ity of the treated and untreated soils on 
te. 

Results and Discussion 
ter four growing seasons we found that 
psoiled treatments supported the most 
 cover and biomass, with 5 em of topsoil 
ding more favorable results than 15 em 
soil (Fig. 1 ). Topsoil treatments that 

 seeded (to either indigenous or com­
ial seed) were dominated by perennial 
es, while non-seeded topsoil treatments 
 dominated by big sagebrush-the dom­
 species in the surrounding plant com­
ty. 
n-topsoil treatments had significantly 
lant cover and biomass than topsoiled 
ents, but those treatments that were 

d to the indigenous mixture showed 
 plant community development. Scari­
 the original road substrate yielded bet­
lant growth than non-scarifying, and 
hing produced no differences in plant 
r or production. 
iltration and bulk density analyses were 
ucted to determine if compaction was a 
em and if the selected treatments of 
ying and top soiling improved the phys­
arameters of the road substrate. The 
turbed soil surrounding the road had the 

st bulk density, while the non-scarified 
surface had the highest bulk density, 
rming that the road had been compacted 
sult of many years of vehicular activity. 
as expected the infiltration rates would 

versely correlated with bulk density; in 
 words, as bulk density increased, infil­
n would decrease. The results of our 
g showed that scarifying the road sub­
 reduced bulk density, but infiltration 

 were not improved Additional analy­
f aggregate stability showed that the 
acted soil from the road substrate had 

ler and less stable aggregates than either 
disturbed soil or the topsoil used in the 
. 
e found that these less stable aggregates 
d disintegrate upon wetting, thus plug­
macropores in the soil and reducing 

iltration. It must therefore be recognized 
Parle &ience 



density and create more favorable seedbed 
characteristics, it may not improve infiltra­
tion if an aggregate stability problem exists. 
Aggregate stability will only improve with 
the addition of organic matter and after other 
soil building processes occur, such as soil 
microbial development. 

Implications 
Our research has shown that disturbances 

such as abandoned roads can be restored 
successfully with a variety of approaches that 
vary in the level of resource inputs and also in 
time required for complete restoration to 
occur. The applications of small amounts of 
topsoil (as little as 5 em) in combination with 
seeding of indigenous seed will produce a 
plant community that will emulate the sur­
rounding undisturbed community in as little 
as 15 years in environments similar to that at 
our Grand Teton study site. 
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tion with seeding indigenous species, 
result in successful restoration in a time 
e of 20 to 25 years. Since indigenous 
 performed better than native seed ob­
d commercially, we recommend that 
ration projects use seed from sources 
n to be adapted to the climate and soil 

acteristics of the area to be restored. 
ith respect to economic considerations, 

cost associated with adding 5 em of 
oil and seeding indigenous plant materi­
would be approximately $5,000/ha 
100/ac). These costs are based on esti­
s associated with restoration work in the 
d Tetons and will vary depending on site 
itions, sources of topsoil, and distance 
ired to transport soil. 
estoration is a long-term process that is 
ndent upon natural physical and biolog­

processes to bring it to completion. It is 

invol
under
prove
time f
tion. 
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ved in such projects. Also, it should be 
stood that limited resource inputs can 
 to be valuable approaches where the 
rame for success is not a major restric­

ente is a professor in the RangelandEco­
 Science Dept., CO/State/U, Fort Collins; 
reviously was a graduate student at Colo­
tate and CWTently is a reclamation special­

th Shepherd Miller, Inc., of Fort Collins; 
er is Chief. Branch of Science in the NPS 
er Regional Office. 
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Figure 1. Total plant cover in 1992, four years following initial treatment. Treatments with the same letter are not significantly different at P<O.OS. 
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1. Control 
2. Control and Mulch 
3. Indigenous Seed 
4. Commercial Seed 

Perennial Forbs 

• Annual Grasses 

Shrubs 

1 2 3 4 

5. Scarify, No Seed 
6. Scarify, Rock Raking 
7. Scarify, Indigenous Seed 
8. Scarify, Commercial Seed 

5 6 7 8 9 10 
Treatment 

9. 15 em Topsoil and Scarify 
10.15 em Topsoil, Scarify, Fertilize 
11.15 em Topsoil, Scarify,IndigenousSecd 
12. 5 em Topsoil, Scarify, Indigenous Seed 

11 12 13 14 

13. 15 em Topsoil, Scarify, Commercial Seed 
14. 15 em Topsoil, Scarify, Indigenous Seed, Mulch 
s 


