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Perspectives, objectives, meth-
ods and techniques employed
in the appraisal and interpreta-
tion of rangeland resources dur-
ing the present century reflect
the gradually evolving demand
for more basic knowledge. The
needs of an increased population
can result only in more intensive
use and treatment of agricultural
lands, including those devoted
to production of forage for live-
stock and game animals. Intel-
ligent intensification of the use
and management of any resource
must be based upon extensive
knowledge of that resource and
its wise interpretation.

Early range inventory meth-
ods were concerned primarily
with the classification and inter-
pretation of the vegetation.
Little attention was given to soil
and climatic influences or to the
ecological aspects of range re-
source inventory (Dyksterhuis,
1958). The gradual shift toward
recognition of the ecological as-
pects of range inventories and
the increasing interest of soil
science in the use and manage-
ment of rangelands has been re-
viewed by Renner (1948), Dyk-
sterhuis (1949) and, more re-
cently, by Poulton and Tisdale
(1961).

Although inventories based
primarily upon present vegeta-
tion undeniably have been of
considerable value to range man-
agers, they have not provided the
basis or information required for
optimum management. It is not

enough to know only the kinds
and amounts of plants presently
growing on ranges. If manage-
ment is to be directed toward the
realization of sustained high pro-
duction consistent with protec-
tion of the resource the range
manager must know the capabil-
ities of the different kinds of
rangeland. He needs to know
how much and what kinds of
plants his lands can produce and
must evaluate the present plant
cover in relation to the potential
for each kind of range. The pre-
sent condition of the range pro-
vides a starting point for man-
agement. The potential plant
cover represents a goal toward
which management for improve-
ment of ranges in unsatisfactory
condition can be directed.

The concept of the “range site”
has been developed to express
differences in the inherent pro-
ductive capacity of different
kinds of rangelands. Simply de-
fined, range sites are kinds of
rangeland with different poten-
tials for producing native plants.
Each range site has its own com-
bination of environmental condi-
tions, the ultimate expression of
which is a distinctive plant com-
munity. Furthermore, the range
site retains its capacity to repro-
duce this potential plant com-
munity unless altered by phys-
ical deterioration. The range site
is comparable to the capability
unit for cultivated land (Hocken-
smith and Steele, 1943).

Several methods of determin-

ing range condition based upon
comparison of the present plant
cover with the normal potential
for the site have been extensive-
ly reviewed by Dyksterhuis
(1949). If we accept the propo-
sal that knowledge of the nature
of potential native plant commu-
nities is prerequisite to evalua-
tion of range condition, and to
providing information to guide
range users in making more in-
telligent decisions in the use and
treatment of their lands, then
the question arises as to how
that potential can be determined.

If all or many rangelands were
presently supporting their po-
tential native plant communities,
this potential could be deter-
mined on the basis of the vegeta-
tion alone. This becomes increas-
ingly difficult and finally im-
possible as the condition of the
range declines. In the absence of
the original or potential plant
cover, a range site must be rec-
ognized on the basis of the rela-
tively permanent (and map-
pable) features which are con-
sistently associated with the po-
tential plant cover of that site.
These features normally are soil
and climate.

If reliable relict areas were
presently available for each
representative or significant
plant community within an area,
it would be a comparatively
simple matter to project the po-
tential plant community charac-
teristics to all other tracts hav-
ing the same soil, climatic and
topographic characteristics. The
recognized lack of such relicts is
to be deplored. Until relicts of
potential native plant commu-
nities have been found or re-
established for all rangelands, it
will be necessary for the range
manager to establish assumed
potential conditions for many



range sites. Assumed conditions
can be most accurately deter-
mined by the careful study of
available relicts and the inter-
polation and extrapolation of
data from these points along an
environmental gradient to other
points for which no relicts can
be found.

The practicability of extend-
ing findings from a limited num-
ber of relict environments to a
larger number of environments
for which no relict can be found
is consistent with established
procedures of soil survey inter-
pretation as outlined by Aandahl
(1958). He states that, “Similar-
ities among soils provide a basis
for extending research results
and the findings of experience
beyond the actual kinds of soils
on which the tests or observa-
tions were made. Thus, it is
possible to use observations on
soil in conjunction with knowl-
edge of the characteristics and
qualities of soils as a basis for
extending and applying soil sur-
vey interpretations far more
widely than would otherwise be
possible.” Although Aandahl was
referring primarily to soils on
arable lands, the procedures out-
lined can logically be extended
to interpretations of rangeland
soils, topography and climatic
characteristics.

The purpose of this paper is to
describe the methods employed
by the authors in the investiga-
tion of basic soil-vegetation-cli-
matic relationships on relict
rangelands of northern Utah,

southern Idaho, northeastern Ne- -

vada and western Wyoming and
the application of these relation-
ships to soil survey interpreta-
tion.
Methods
Selection and Evaluation of
Study Location

Areas of relict vegetation suit-
able for detailed diagnostic study
are found through extensive and
repeated reconnaissance as de-
scribed by Clements (1934). In
the present studies several hun-
dred tracts of relict vegetation
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have been examined, evaluated
and catalogued. Tracts which ap-
pear least disturbed and on
which the present vegetation
most nearly represents the po-
tential plant community for the
site are selected for study. Re-
licts on “key” soils have maxi-
mum value in soil survey inter-
pretation and are utilized when-
ever they can be found. Key soils
are those which are either (1)
extensive in the area of study, or
(2) if less extensive, are neces-
sary to illustrate important vari-
ations in soil characteristics. Two
or more distinctly different soils
and plant communities some-
times occur within a single relict
area. In such cases, each of the
different communities is studied
as a separate relict. Areas of ob-
vious disturbance or unstable
vegetation are avoided because
of the difficulty of determining
which characteristies result from
disturbance and which reflect in-
herent site qualities.

The undisturbed margins and
corners of nonirrigated farm
fields, fenced highway and rail-
road rights of way, grazing lands
remote from stockwater, and
areas isolated by steep slopes,

Ficure 1. Method of clipping and sorting herbage {from 9.6 square foot plot. Herbage
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ledges or lava flows have pro-
vided the most suitable relicts
located to date. Rangeland rel-
icts are not always strategically
located from the standpoint of
geography and soils. For this
reason, considerable interpola-
tion and extrapolation of data
must be anticipated.

Vegetation

Both soil and vegetation on
each relict selected for study are
examined for homogeneity.
Studies are confined to that por-
tion of stratified stands where
soils and vegetation are uniform.
The size and shape of each study
location are determined by its
homogeneity. At a central or
“modal” point within the study
location, three closely spaced
square plots of 9.6 sq. ft. area are
established to provide a conven-
ient means of determining herb-
age weight on an acreage basis
(Frischknecht and Plummer,
1949).

Green weight of each plant
species and of mulch are esti-
mated on each plot. Herbaceous
plants are then clipped at ground
level and are collected separate-
ly by species for each plot. Clip-

of each plant species and the mulch from each plot were placed in separate paper

bags.
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ping is confined to the current
year’s growth of shrubby spe-
cies. Fresh and humic mulch are
separated from the herbage and
are collected. Clipped herbage
and the mulch are placed in
paper bags which are labeled by
species and plot number, (Figure
1). Herbage, by species, and
mulch are weighed on a gram
scale immediately after clipping.
Estimates of green weight of
each plant species and the
weight of mulch are made on an
additional 20 plots of 9.6 sq. ft.
area located at random on each
study location.

Clipped herbage and mulch
samples from the three central
plots are air-dried and re-
weighed. Herbage and mulch
weight estimates for the 20 ran-
dom plots are converted to air-
dry weight on the basis of shrink
recorded for the clipped samples.
Estimated weights for the ran-
dom plots are adjusted in line
with error incurred on the cen-
tral plots on which estimates of
herbage weight were made prior
to clipping.

Clipping is done only after all
major plant species have com-
pleted growth but before early
maturing species have begun to
shatter. If clipping is begun on
the lower, dryer locations and
extended progressively to the
higher or more humid locations,
the period within which accurate
studies can be made is extended
to approximately six weeks in
the area of study.

Productivity of each study lo-
cation is expressed in terms -of
total air-dry weight of herbage
per acre. Species composition is
expressed by the percent of the
total herbage weight contributed
by each plant species.

Records are made of the size,
form, habit of growth, number of
stems, presence of rhizomes or
stolons, presence of dead plant
centers, and other characteristics
of the more important plant
species. A list of species on the
study location provides constan-
cy data. Frequency of individual
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Ficure 2. Typical soil pit prepared for detailed soil profile studies.

plant species is determined from
the number of random plots in
which they occur. The number
of shrubby species by maturity
classes is recorded by classifying
and counting all shrubs within a
100 by 5 foot belt bisected by the
central plots. Age of the oldest
shrubs is determined by counting
the annual growth rings of their
stems.

Herbage production studies
are repeated annually on repre-
sentative locations to assess the
extent of annual and periodic
fluctuations in production and
species composition. Methods
employed in the original studies
are applied to the repeated
studies except that clipping is
done on plots other than those
previously clipped.

Soil

On each study location a soil
pit is dug within the area cov-
ered by the three central plots
from which vegetation was clip-
ped. The pits are dug by hand
to bedrock or to a depth beyond
any indication of soil develop-
ment, (Figure 2).

Each soil profile is described
in detail in accord with the pro-
cedures outlined in the Soil Sur-

vey Manual (Soil Survey Staff,
1951). Detailed descriptions of
each genetic soil horizon are re-
corded in narrative form.

Bulk density and pH are de-
termined and bulk, envelope and
micro-monolith samples are tak-
en from each soil horizon.
Records are made of the depth,
size, kind and extent of plant
roots, kind and number of soil
fauna, extent of rodent disturb-
ance and any special or unusual
soil features.

Soils from selected study loca-
tions are subjected to laboratory
analysis. This includes particle
size distribution, pH (1:1), or-
ganic carbon, nitrogen, conduc-
tivity, calcium carbonate equiva-
lent, moisture tensions at 1/10,
1/3 and 15 atmospheres, cation
exchange capacity, extractable
cations, soluble saturation ex-
tract analysis and moisture at
saturation. Kinds of clay and
mineralogy determinations are
made for some soils.

All soils are evaluated and cor-
related to soil type and series in
accord with standards of the Soil
Conservation Service.

Climate

Climatic data are secured from

monthly and annual summaries



from all Weather Bureau record-
ing stations within the area of
study. To aid in the direct inter-
polation of Weather Bureau data,
standard rain gauges are in-
stalled on key study locations.
These gauges are read at inter-
vals throughout the year. Soil
moisture samples are taken in
triplicate from each soil horizon
at the beginning and at the end
of the growing season on each
of the locations where herbage
production data are collected an-
nually to provide an additional
means of determining the mois-
ture available for plant growth.

Supplemental Data

Notes are made of the amount
and orientation of mulch, soil
surface features (presence, ab-
sence or extent of soil move-
ment, soil pedestals, hummocks
and crusting) and the percent of
the soil surface occupied by liv-
ing vegetation, mulch, stones,
cryptogammic plants, or by bare
soil.

Elevation, physiographic fea-
tures, percent slope, direction of
slope, position on the slope, and
opportunities for run-on or run-
off of water or drifting of snow
are recorded for each study loca-
tion.

The history of the study loca-
tions is compiled from interviews
with stockmen and farmers and
from evidences of grazing, fire,
cultivation or other disturbance.
The current activity of insects,
rodents or game animals is
evaluated.

Both monochrome and color -

photographs are made to show
general and detailed features of
soil and vegetation.

Analysis of Data

As the first step in analysis of
data, the relicts studied are seg-
regated on the basis of similar-
ities or differences in species
composition. For example, stands
in which Idaho fescue (Festuca
idahoensis Elmer.) is a signifi-
cant species are separated from
those in which it occurs sparing-
ly or not at all. Similar separa-
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tions and groupings are made for
other major species and for
groups of species which com-
monly occur in association.
Minor variations in the amount
of one species usually associated
with a specific plant community
are reconciled with the consis-
tency of other species of that
community. Association tables
similar to that described by
Poulton and Tisdale (1961) have
been useful in the initial analysis
of data.

Stands are further segregated,
if necessary, on the basis of total
herbage production. Stands are
considered to be distinct if there
is a significant difference in
either species composition or to-
tal herbage production.

Distinct individual stands and
groups of similar stands are as-
sociated with the taxonomic soil
units on which they occur. Thus,
the range in soil taxonomic units
associated with distinect plant
communities is revealed.

Individual soil factors (such as
texture, structure, permeability,
depth, bulk density, stoniness,
geologic parent material, etc.),
climatic factors (including total
and seasonal precipitation, an-
nual and monthly mean tem-
peratures, etc.), and secondary
factors such as elevation, slope,
aspect and exposure, are com-
pared with total herbage produc-
tion and with species composi-
tion of each relict stand through
the use of association tables and
scatter diagrams (Waugh, 1938).
Vegetative values and environ-
mental factors which appear to
be related are subjected to statis-
tical testing to determine their
significance. In this manner, the
range in specific soil, climatic
and topographic characteristics
associated with specific plant
communities is recognized.

Relationships between climatic
factors and plant responses are
also tested in a manner pat-
terned after the work of Thorn-
thwaite (1948) and Arkley and
Ulrich (1961). Scatter diagrams
are employed to determine if re-

165

lationships exist between herb-
age production and total avail-
able moisture as measured in
rain gauges, as interpolated from
Weather Bureau data, and as cal-
culated from soil moisture
samples. Relationships between
herbage production and avail-
able moisture aid in assessing the
range in production to be ex-
pected on specific sites over a
period of years and also indicate
the relative productive capacity
of specific soils.

As soil-vegetation-climate re-
lationships become evident, they
are tested by applying these re-
lationships to other stands of
both relict and disturbed vegeta-
tion and with rangelands having
similar as well as those with dif-
ferent soils. Asrelicts are studied
they are oriented along a gradi-
ent and interpretations are made
for other points along these
gradients for which no represen-
tative relict has been studied.

The validity of specific diag-
nostic characteristics in soil sur-
vey interpretation on rangelands
can be finally proven only
through the successful applica-
tion of these findings in practical
rangeland evaluation and subse-
quent management.

Summary

The trend toward intensifica-
tion in the use and management
of rangelands requires more
basic knowledge of their poten-
tial plant communities. In the
absence of the potential plant
community, range sites can be
identified and their potential ap-
proximated through the inter-
pretation of soil and climatic in-
fluences known to be associated
with specific natural plant com-
munities.

Methods are described for se-
lection of areas of relict vegeta-
tion and the detailed concurrent
study of soil-plant-climatic rela-
tionships on such areas. Vegeta-
tion is evaluated in terms of
herbage production and species
composition by weight as deter-
mined by a combination of clip-
ping and estimation and by nu-
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merical and adjective classifica-
tion of important vegetational
features. Soils are classified and
described according to accepted
standard procedures. Specific
soil characteristics are revealed
through laboratory analysis.
Climatic data from Weather Bu-
reau records are supplemented
by soil moisture sampling and
rain gauge records on represen-
tative study locations. Topo-
graphic features, history, and
other factors influencing vegeta-
tion on each study location are
recorded.

Relationships between en-
vironmental influences and asso-
ciated quantitative and qualita-
tive plant community character-
istics are recognized by use of
association tables, scatter dia-
grams and statistical analysis.

Soil, plant and climatic rela-
tionships from reliable relicts is
finally tested by interpreting
such relationships for other
range areas for which no relicts
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of potential plant communities
are available.

It is suggested that the meth-
ods outlined will provide in-
formation useful to the intelli-
gent interpretation of soil survey
data and the identification of
range sites. Such interpretations
are essential to the planning and
application of optimum pro-
grams of management and treat-
ment for rangelands.
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