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Page, Arizona and the other at Hall's Crossing, Utah. 
Close coordination with professional staff of GCNRA 
assured that the plot areas were placed in sites typical 
of problem areas that require revegetation. Thus, the 
plots could fulfill their purpose: to provide guidance 
and a reference for future revegetation plans at 
GCNRA. The methods, species and treatments used 
in designing the study plots were adapted from 
studies and results in the general area of the Southern 
Colorado Plateau and the 4-comers area of the U.S. 
(Fuller 1987). 

The Hall's Crossing test site is in a garbage, 
refuse disposal area where a top dressing of sandy 
soil was spread over the disposed materials. As a 
result, the soil is not densely packed and contains 
seeds of aggressive annual plants. The Page test site 
is in an area where heavy equipment and vehicles 
were located during construction of the dam in the 
1940's. Not only was the soil compacted but a layer 
of gravel was also applied and thus natural 
revegetation of these sites has not occurred. The 
vegetation of the areas surrounding each of the 
disturbed sites is in the upper Sonoran Desert 
(Kuchler 1964) and is delineated in the warm desert 
shrub vegetation type (Kuchler 1964). Some of the 
dominant plant species of the general area include 
blackbrush (Coleogyne ramosissima), green ephedra 
(Ephedra viridis), sand sagebrush (Artemisiafilifolia), 
indian rice-grass ( Oryzopsis hymenoides), curly 
mesquite grass (Hilaria jamesi1), sand dropseed 
(Sporobolus cryptandrus), and desert mallow 
(Sphaeralcea spp.). In higher elevations or mesic 
sites, juniper (Juniperus osteosperma), desert holly 
(Berberis fremontil), and saltbrush (Atriplex spp.) 
may be found along with various perennial and 
annual herbs. 

No hypotheses were directly tested in setting 
up the project. However, the choice of species and 
establishment methods make it possible to 
subsequently test the following hypotheses: 

1. In stress environments, plant establishment 
is more successful with transplants than 
from seeds. 

2. Plant establishment is more successful with 
native shrubs than with native grasses. 

3. Some native species are easier to establish in 
stress environments than others given an 
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array of choices. 

Additional treatments such as surface mulch 
and small basins around transplants increases 
plant establishment and survival more than 
no mulch and level planting. (Several 
comparisons of treatment combinations are 
possible with the plot design of treatmentS.) 

STUDY AREAS 

PAGE, ARIZONA 

The plots at Page, Arizona were located East 
of Highway 89 about 1.6 km North of the dam in the 
area of the viewsight. The area of the test site was 
a former construction and heavy equipment lQC&tion 
used during construction of the dam. It had been top 
dressed with about 7. 5 em of gravel and compacted. 
Very little vegetation was growing on the area 
possibly due to the gravel and compacted surface. 
Prior to plot establishment the area was ripped by a 
bulldozer to a depth of 15-25 em which mixed the 
underlying sandy soil with the gravel surface and 
loosened the compaction. The ripping action left the 
surface of the area with furrows and ridges (20-25 
em deep) which were intended to serve as a 
protection from wind blowing and to harvest some of 
the meager precipitation to seeds and transplants in 
the bottom of the furrows. Just prior to the day of 
plot establishment on April 8, 1990, a rain occurred 
which left the soil moist to a depth of 7.5 em. 

HALL'S CROSSING, UTAH 

The field plots at Hall's Crossing were 
established on AprillO, 1990. They were located on 
an area that had been used for a number of years as 
a disposal area that had been covered with sandy soil 
in a previous year and compacted only to the extent 
of density as would be obtained with the equipment 
used to cover the disposed material. The alternative 
site was an abandoned roadway which was available 
for test plots but was extremely dry and compacted at 
the time of plot establishment. The dump site was 
selected because it provided an opportunity to test 
planting methods on a fill site as contracted with the 
compacted area already chosen for the Page, Arizona 
plots. Very little vegetation was growing on the 
disposal site except for a few small russian thistle and 
an annual grass (species unknown because of the 

2

University of Wyoming National Park Service Research Center Annual Report, Vol. 16 [1992], Art. 16



immaturity of the plants). Native vegetation existed 
on the North and East side of the study area. 

+ METHODS FOR PLOT 
ESTABLISHMENT 

BACKGROUND AND INFORMATION FOR 
PLANTS USED IN PLOTS AT PAGE AND 

HALL'S CROSSING 

Seeds and plant materials were obtained 
from two sources. Granite Seed Company of Lehi, 
Utah provided all of the seeds used to plant the plots 
in treatment 1 in both field locations. These same 
seed lots were used to propagate seedlings of most 
species in the Botany Department greenhouse of 
Weber State University. Three species were not 
propagated from the Granite Seed Company seed lots. 
Blackbrush was propagated from cuttings taken from 
plant sources near the field plots and rooted in the 
greenhouse. The key steps in vegetative propagation 
of this species were; collection of cuttings during the 
dormant condition, use of a rooting hormone, and use 
of a propagation mist and bottom heat on the rooting 
bench. Juniper and Roundleaf buffaloberry were 
obtained from the Porter-Walton nursery in 
Centerville, Utah as 1-gallon can transplants four 
months prior to field planting. They were 
conditioned to outplanting during the waiting period 
by being held outside in a protected area. At the 
time of planting they were in excellent condition. All 
of the plants grown in the greenhouse were 
conditioned to outside environment by maintaining 
cool conditions and reduced irrigation prior to 
outplanting. 

ESTABLISHING THE PAGE, ARIZONA FIELD 
PLOTS 

At Page, Arizona, each plot was 2 furrows 
wide and 2 meters long making a total area of 
approximately 39.6 meters wide and 31.9 meters 
long. The experimental design consisted of: 

4 treatments -

A. Seeded (plots 1-10) 
B. Planted (plots 11-20) 
C. Plated in amall basins (plots 21-30) 
D. Planted in basins and mulched plots 31-40) 

10 species-

1. Juniper (JunJpervs ost«npuma) 

2. Rouodlcafbuft'alobeny (Sheplaerdia rotundifolUJ) 
3. Fowwiq aaltbuah (Atrlplez canescms) 
4. Greco ephedra (EpMdra vlrldis) 
S. Blaclcbnllh (Coleogyne ramosi.ssinuJ) 
6. Indian rlcctrua ( Oryzppsis laymenoides) 
7. Galleta (Hill4ri4 Jamaia) 
8. Sand dropeecd (Sporobolus crypll»tdnu) 
9. Deeert tnarigold (&ileya rrudtin:Jdiata) 
10. Scarlet Jilia (Gilia aggregata) 

8 replications 
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Thus with 4 treatments, 10 species and 8 
replications there were 320 individual plots. Because 
of the large number of plots the arrangement of 
species and treatments was systematized to avoid 
errors in planting. The species were kept in sequence 
but the treatments were rotated within the replication. 
All transplants received 1 liter of water and .. f. 
fertilizer tablet in the bottom of the planting hofe. 
Greenhouse grade peat moss was used as a mulch in 
treatment 4 involving transplanting in a basin. Peat 
was also used in the seeding, treatment 1, by placing 
about 25 seeds in a 20 em diameter circle on peat 
moss and covering them with .6 em of soil to 
simulate natural conditions of seeds falling from a 
plant and being covered with litter and wind-blown 
soil. 

ESTABLISHING THE HALL'S CROSSING PLOTS 

At the Hall's Crossing site the plots were 1.5 
x 1. 5 meters square and comprised a total area of 20 
meters by 22.5 meters. A larger plot area was not 
possible because of local influences that would have 
reduced plot uniformity. The experimental design 
was almost identical to the one used at Page, Arizona 
with the exception that Desert mallow was used 
instead of Desert marigold and Scarlet gilia because 
of insufficient plant materials for these two species. 
The experimental design consisted of the following: 

4 treatments -

A. Seeded (plots 1-9) 
B. Planted (plata 10-18) 
c. Plated in amall buins (19-27) 
D. Planted in buins and mulched (28-36) 

9 species-
1. Juniper (JunJperus osu:osperma) 
2. Blackbtu1h (Coleogyne ramosi.ssinuJ) 
3. Roundleafbutfalobeny(Sheplaerdia rotundifolia) 
4. Fowwins aaltbuah (Atriplex canescms) 
S. Green ephedra (Eplaedra viridis) 
6. Indian ricegraaa (Oryzopsis laymenoilks) 
7. Gallcta (Hillaria jamuii) 

3

McKell: Reclamation of Disturbed Lands in Glen Canyon National Recreation

Published by Wyoming Scholars Repository, 1992



4

University of Wyoming National Park Service Research Center Annual Report, Vol. 16 [1992], Art. 16



5

McKell: Reclamation of Disturbed Lands in Glen Canyon National Recreation

Published by Wyoming Scholars Repository, 1992


