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ABSTRACT
Maintenance and Survival of Vegetation
On the Sunrise Campground,
Cache National Forest
by
Alan R. Silker, Master of Science

Utah State University, 1972
Major Professor: Dr. Philip A. Barker
Department: Forest Science

The goal of this study was to determine if watering and fer-
tilizing would help maintain favorable vegetation conditions on
forested recreation sites. Sunrise Ceampground on the Cache National
Forest in northern Utah was the study site. Treatment applications
of water and nitrogen-phosphorous fertilizer were made from 1964
through 1968.

Covariance analysis of variables indicated that all treat-
ments produced significantly greater amounts of ground cover vegeta-
tion than control plots. Ground cover response to treatments was
greater under aspen than under coniferous overstory, and treatments
under aspen produced differences in appearance of vegetation. There
were no significant differences in diameter growth of overstory trees.
The results showed that watering and fertilizing are effective man-

agement tools for maintaining ground cover.

(48 pages)




INTRODUCTION

Problem

When outdoor recreation sites are opened for public use, the
vegetation on the sites becomes susceptible to damage. Specif-
ically, plant cover on campgrounds may be reduced significantly
as a result of one year of use (LaPage, 1963). Other researchers,

including Frisell and Duncan (1965), Magill and Nord (1963), and

Meinecke (1928), e shown that recreational use of campground
sites results in losses of grasses, forbs, and shrubs. Further-
more, soils may become compacted (Lutz, 1945), which further re-
duces plant growth (LaPage, 1962).

Vegetation damage or loss is often unsightly in recreation
areas and problems of dust and mud can be a result as well. If

maintenance methods could be developed, the need for extensive re-

habilitation of vegetation could be eliminated.
S

Objectives

The objective of this study was to find ways of maintaining
natural vegetation on a forested recreation site. The deterio-
ration of vegetation on outdoor recreation sites has long been
recognized, but only recently have attempts been made to develop
management techniques for maintaining vegetation on these sites.
Watering, cultivation, fertilizing, and use of paved pathways have

been standard procedures for vegetation maintenance in urban areas




for many years. Their effectiveness needs to be evaluated for rec-

reation sites in forest settings.

Hypothesis

The hypothesis of this study was that watering and ferti-

lizing treatments will maintain natural vegetation on a forested

recreation site. These treatments may enable enhanced plant growth

and thus more ray recovery from trampling damage.




Study area

The study involved the 27 family units of Sunrise Campground

(Figure 1) which were constructed in 1963 and 1964. The camp-

ground is located along United States Highway 89 on the Cache National

Forest 35 miles east of Logan, Utah. Highway 89 is a heavily traveled

route leading to Yellowstone National Park. The campground is 7,500

feet above sea level. Situated on a small "bench" on the east slope

of the Bear River Mountains, the area receives an average of 29 inches

of annual precipitation occuring mostly as snow in the winter.

The north loop of the campground had a nearly pure stand of

quaking aspen (Populus tremuloides); the south loop a nearly pure

stand of lodgepole pine (Pinus contorta); and the overstory between
these areas was mixed conifer composed of lodgepole pine, Douglas

fir (Pseudostuga menziesii), and subalpine fir (Abies lasiocarpa).

The aspen stand was approximately 60 years old. It appeared to be
vigorous, although reproduction was sparce. The conifer stand was
approximately 120 years old and reproduction in it was generally more
abundant .

The ground in the aspen stand was generally covered with herba-
ceous vegetation consisting of a variety of grasses and forbs. In
the conifer stand there was little herbaceous cover but instead a
layer of needles and litter. Shrubs in the campground were widely

scattered and included snowberry (ngghoricarpos 522.), serviceberry




General layout of Sunrise Campground and location of the
27 family units. Soil types A, B, and C (described in
Table 1) are indicated.




(Amelanchier alnifolia), sagebrush (Artemesia tridentata), and rose

(Rosa woodsii). The area has a history of grazing by sheep and cattle.

The soils in the campground have been described by Olson (1965)

and are summarized in Table 1. They are essentially silty clay under

the aspen and silty clay loam under the conifers (Figure 1). They

average 3 to 5 feet in depth.

General procedures

To trace changes in vegetation, two types of plots were estab-

lished in 1963, and individual trees were selected for growth measure-

ments. At each of the 27 family units, a square, .06L-acre plot was

established to record the general condition and survival of trees in

the zone exvected to receive the heaviest wear. These .06lL-acre plots
also served as areas for the application of treatments. Within each
.06k-acre plot, 16 circular mil-acre plots were established in which
to record the condition and change in understory vegetation under
impact of recreational use.

In addition, individual aspen trees were selected within some of
the .064-acre plots for study of their rate of growth. For comparison,
additional aspen trees were selected beyond the immediate influence
of family units.

Treatments consisting of water (W), nitrogen-phosphorous (F),

a combination of these (WF), and control (C) were randomly assigned
to the .06l-acre plots. Two different seeding treatments were applied

to 14 of the 27 plots in additon to the treatments of water and




Table 1. Summary of major soil characteristics and field appraisals of selected soil gqualities and
hazards (Olson 1965).

Soil symbol Productivity potentials

Soil profile

(Figure 1) Aspen Conifers TForb-Grass pH Drainage Compactability Thickness Texture
Strongly 3-7 Silty clay
A Med. High Med. acid Well High inches loam
! . Strongly 5-10 Gravelly
B High High Med. acid Well Low e loam
Slightly Mod . 10-18
¢ Med. ? High alkaline well High inches |Silty clay




fertilizer. Because the seeding treatments were not constant and did

not represent treatment of vegetation, these plots were eliminated

from the study. This left 13 plots of various treatments as listed

previously.

Initial measurements were taken in the summer of 1965. Further

measurements were recorded each successive summer through 1968.

Treatment means were adjusted by covariance analysis for differences

in independent variables (Table 2) so that comparison of means could

be accomplished by statistical testing.

Table 2. Independent variables expected to have an effect on under-
story vegetation and radial trunk growth of trees.

Understory vegetation

Distance of plot from facilities
Competition from surrounding trees
Percent shrub cover

Soil pH and moisture holding capacity
Season-long insolation

Percent overstory in conifers

Visitor use

Number of days between beginning of vegetation

measurements and measurement of each plot
9. Percent non-growing space

10. Percent ground cover initially present

[e R e )NV, BR = GV RN \O I =]

Radial tree growth

Tree diameter
Competition from surrounding trees

Soil texture, depth, and moisture holding capacity
Visitor use

Distance of tree from facilities

VT EWn =




Plot establishm
of dependent variables

The .06l-acre plots. The .06k-acre (52.8 feet

were established to include portions of the family unit expected to

receive the heaviest wear (Figure 2).

b

>
//

<
\ Fireplace \

\ Table

Figure 2. Representative positioning of the .06l-acre plots.

Positioning of these plots was guided by the following principles.
Plots included the planned locations of tables and fireplaces. Also,

one side of the plot was placed close to the parking spur or loop.




Further, the plot was positioned to include areas expected to receive

heavy trampling. Such areas included openings, routes from parking

to tables, and paths to other facilities.

On each .06lk-acre plot the two corners farthest from the parking

spur were marked with one-half inch diameter alnico, bar magnets

buried about 3 inches in the ground. These corners could be located

with the use of a compass. Because the corner markers were not

visible, they were disturbed very little by visitors. Two reference

trees near each of the marked corners were identified on the plot

map and blazed with yellow paint near their bases on the side facing

the corner. Plot centers were located 37.4 feet from the four corners.

From plot center, the position of every tree on each plot was

plane-table mapped. The map scale was 1 inch=U8 inches. Trees were
numbered and recorded in a clockwise direction around the plot,
beginning with a line from plot center to the most northerly (magnetic)
corner of the plot. Along each bearing, numbering normally progressed
from trees near the plot center to trees farther from center. Number-
ing did not always progress in a perfectly clockwise sequence, espe-
cially when the number of trees was large. However, the combination of
the map and a tree tally sheet for each plot provided a positive
identification for each tree.

Both numbered trees and seedlings were recorded on the tally
sheet by species, distance from center of plot, and a description of

damage or other characteristics likely to affect survival or thrift.

Numbered trees were also listed by diameter and crown class (i.e.




dominant, codominant, etc.). For seedlings (DBH of 0.8 inch or less)

total height was in place of crown class. Initial overstory
observations were made in September, 1965. At each annual measurement,
tree mortality and damage on the .06l-amcre plots were recorded along

N

with probable causes of death or injury.

Mil-acre plots and ground cover measurements. Within each of

the .06l-acre plots, 16, circular, mil-acre plots (radius of 3.72
feet) were established with plot centers spaced uniformly in a 13.2

by 13.2 foot pattern (Figure 3).

Figure 3. Arrangement and numbering of mil-acre plots (radius of
3.72 feet) within the .06l-acre plots.

The plot positions and their numbers were also located on the

maps prepared for each .06l-acre plot. The mil-acre plot centers were




marked with large metal pins which were buried a few inches in the

ground so that they could be located only by using a metal detector.

On each mil-acre plot, the areas occupied by ground cover

vegetation, shrub cover, litter, debris, rock (3 inches or more in

ameter), bare soil, and stems o

trees and shrubs were recorded to

the nearest one-tenth percent. The area of ground cover vegetation

and shrub cover were recorded as a percentage of plot area occupied

by the estimated serial area of stems and leaves. Estimation of

round and shrub cover was guided by use of a pie-shaped overlay

consisting of a wooden frame and wire grid (Figure 4).

36 degree angle

Figure 4. Grid overlay (radius of 3.72 feet) used to guide estimation
of aerial parts of vegetation.

Designed to cover a 36 degree sector of the mil-acre plot, the
verlay continually showed the estimator how much of the mil-acre plot
was actually covered with aerial parts of herbaceous vegetation.
Although trees and shrubs prevented the overlay from being placed over
some parts of the

plot,

it was usually placed near enough to serve as




a useful guide. The overlay was placed atop shrubs to guide estima-

tion of their aerial parts.

measured in 1965. Measurements were taken

Initial stocking was

at the end of the growing season. Since ground cover measurements

reguired over one week to be completed, the dates of measurement were

recorded. It was felt that this procedure would account for variation

that might be caused by apparent losses due to desiccation of plants

late in the growing season.

For each plot the percentages of area in various species, litter,

and other categories totaled 100 percent. Since shrubs were a

different level of vegetation, they were not included in the 100

percent devoted to ground cover, but were recorded separately.

Mil-acre plots were examined to determine the percentage of
each plot disturbed during the installation of facilities. Mil-acre
plots within which facilities were constructed were eliminated from
the study and were not remeasured.

Radial trunk growth of individual trees. On the .06l-acre

plots covered by aspen, Ll aspen trees were selected for radial

trunk growth measurements by the dial-gauge (microdendrometer) method.
This method was decided upon because of its precision and ease of
measurement. The measured trees were tagged with a number for identi-
fication purposes. In stands that were similar but well away from
family units, an additional 21 aspen trees were selected for radial

growth measurements that could be compared to the "on-plot" trees.




At a height of ten feet above ground, each tree selected for

radial growth measurement received three screws to form a reference

plane for the microdendrometer. The height of ten feet was chosen

to keep the screws out of reach and general observation of rec-

reationists. Initial dendrometer readings were taken in early summer

of 1965 and at the end of that and each succeeding summer through

1967.

No conifers were tested for growth data.

variables

Measurement of independent

Distance from facilities. Due to the arrangement of facilities,

the impact of visitor use on vegetation was expected to differ through-

Therefore,

out a family unit. it was necessary to measure the distance

separating each mil-acre plot and growth measurement tree from the
"facility zone" around which use concentrated.

At each family unit a "facility zone'" polygon was drawn on the
plot maps to include the fireplace, table, tent site, and access path
from the parking spur or loop (Figure 5). Shortest distances were
then measured on the maps from the edges of the polygons to the
centers of the mil-acre plots and growth measurement trees.

Point density competition. Because the growth, volume, and

vigor of ground cover vegetation may be strongly influenced by compe-
tition from nearby trees, some expression of this competition was
needed. Although no precise measures of competition from trees were
known, the "point density' method reported by Spurr (1962) was used
in this study. Essentially, this method measured the basal area per

acre that each tree contributed to competition upon a selected mil-acre




Mil-acre plot

Fireplace

Radial growth
tree

Asphalt pavement-—¢--

———=x---Table

Mil-acre plot

Figure 5. .06l-acre plot showing a typical facility polygon from which
distances were measured to mil-acre plots and radial growth
trees.




plot or radial growth tree. Contributions of the ten trees inter-

totaled for

cepting the largest angles from point of impact, were

The contribution of

an approximation of their competitive influence.

each tree was computed by dividing the (tree DBH)? by the (distence)?

These measurements were taken

of the tree from the point of impact.

at the end of the summer to prevent early season trampling of the

vegetation.

Solar insolation. It was thought that the amount of solar

radiation reaching each mil-acre plot would have a measureable effect

similar to competition. Therefore, a method using a solar insolation

grid developed by Wagar (196L4) was used to measure the percent of open

canopy allowing sunlight to reach the subplots.

The tripod and

insolation grid were set up at every subplot, and a reading was taken.
Insolation readings were taken each summer from 1965 through 1967,
but were taken only in aspen plots in 1967.

Visitor use. The number of parties that used each family unit
was determined by having all visitors register. By the time the
campground opened to the public, the Cache National Forest had in-
stalled a card deposit box at each family unit. Directions for
registering (Appendix A) were posted and a supply of registration cards
(Appendix B) was maintained at the campground entrance.

Data from the registration cards were summarized at the end of

each season of use. Visitor hours were computed in total hours of use.

For example, if a party of two visited for six hours, 12 visitor hours

would be added to the total for that specific family unit. A total




visitor use over all years was also calculated since the effect of

use may carry over from year to year.

To check the accuracy of the registration system, a vehicle

counter was installed in 1966 at the entrance and exit. It included

a 24 hour clock-operated printout which gave the number of axles that

passed the counter each hour. This printout was checked by making

counts of actual numbers of axles present and adjusting for extra

axles counted which were contributed by non-recreation use. Only

visitor hours contributed up to the time of vegetation measurements

were considered in the analysis.

Topography and soils. Because the topography within this

campground was fairly uniform, there seemed to be little need to

measure distances from ridge lines or drainages. Such factors
probably were adequately expressed by soil thickness. Aspect and
maximum slope across each mil-acre plot were measured using a hand
compass and Abney level.
Thickness of each soil horizon down to 50 inches was measured
at the center of each mil-acre plot or as close to plot center as
was possible along a radius toward magnetic north. Horizon measure-
ments were made by using a soil auger and by measuring the depth
each time the horizon changed. Where soils appeared uniform in
adjacent mil-acre plots, fewer measurements of depth and texture were
taken. Depths and textures were interpolated for the unsampled plots.
Samples of each horizon were collected for texture analysis by

the hydrometer method. Each sample included three to four cubic




inches of soil. Soil was sampled for horizon thickness, texture, and

Because of disturbance to plot vege-

pH once on each .06h-acre plot.

tation during soil sampling, such sampling was done after vegetation

measurements in late summer of 196L.

Soil surface density was measured with a Troxler, radioactive

surface density gauge on the same schedule as vegetation measurements.

Two, three-minute counts were made on each mil-acre plot. Initial

measurements were made as soon as the campground opened. Density

measurements were corrected for soil moisture, which was read at the

same time and location.

ents

ignment, five ,06l-acre plots were left untreated as

By random as
‘ontrols; three plots were watered only; three plots were fertilized
with nitrogen and phosphorous only; and two plots were watered and

fertilized (Table 3).

Table 3. Treatments assigned to the various .06l-acre plots.

Treatment Plots treated
Control 6, 8, 10, 16, 25
Water 1. 11, 04
Fertilizer 135 Lo 19

Water and fertilizer ——cemcee——- 22 2l




Watering. Watering was done each summer from 1964 through 1968

late August

between late July and depending on availability of labor

and how soon watering was Judged to be needed.

Approximately one-half

inch of water was applied with each application. The number of appli-

196k, 2; 1965, L4; 1966, 5; 1967, 6;

cations varied by year as follows:

and 1968, 7. Watering was accomplished by pumping from a truck-mounted

tank into four garden hoses connected to oscillating garden sprinklers.

is sprinkler system gave an even distribution with some minor adjust-

ments.

In 1964 and 1965 watering was done throughout the week. Evidence

suggested that this was causing damage as a result of heavy use on

weekends immediately after the watering.

Schedules were changed in
1966 to prevent further damage. Increased tank capacity in 1966
allowed watering to be completed by Wednesday or early Thursday
morning.

To measure natural precipitation, an 8 inch precipitation gauge
was installed on a hill approximately 100 yards west of the campground.
Measurements of precipitation were made after each rain or snow storm
during spring and summer months.

Fertilizing. Fertilizer was applied three times to the desig-
nated plots with the first application in late June of 1964, the
second in October of 1964, and the third in June of 1966. Since the
total area to be treated was less than an acre, the nitrogen and phos-
phorous fertilizer was applied by hand broadcasting. Fertilizer

applications were at rates of 120 pounds per acre of elemental
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Figure 8. Dark green vegetation on a watered-fertilized plot is shown
on the right of the tape, while the left side (untreated) is
mostly bare soil.

Figure 9. The tall grass stand above the tape (lower center) is in-
side a watered-fertilized plot.
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A follow-up study on this same site or a similar one might be
helpful in clarifying the results obtained. Although watering and
fertilizing treatments proved effective in generating significant plant
growth, the simultaneous increase in shrub and ground cover on control
plots suggest, as Magill (1970) indicated, that damage may be more

apparent than real. Data and observations from this study suggest that
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