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INTRODUCTION

The reciprocal effects of vegetation and scils have long been a
subJect of speculation and conjecture. In the management of any natural
land area the problem of interpreting vegetational expression is es-
pecially important. The effects of native vegetation on soils and the
effects of the soil on the vegetation have been studied and observed
for many years. The arid-desert range lands have been studied least
and as a result are not well understood.

As human populations increase there will be additional.need for
agricultural production, and these lands may be put to higher use, per-
haps even to irrigaied crop production. Basic to increasing the
productivity of these lands is an understanding of the vegetation they
are now supporting, what they supported prior to their use by domestic
livestock, and why the present vegetation grows to the exclusion of
other vegetation types.

The areas under study were confined to the shadscale and sagebrush-
grass zones of Utah (7). In these zones the desert shrub types form the
matrix of climax vegetation. Embedded in this matrix are what appears
to be edaphically controlled climax communities.

Grazing in the past 60 to 70 years is believed responsible for con=-
siderable change in floristic cover on the salt-degert. Scme perennial
herbaceous species belonging to the climax have decreased or over exten-
sive areas perhaps disappeared. Some of the more desirable shrubs also
have been reduced by grazing. In many cases asnnual herbs have become
established in vacated areas. The result of these changes in floristic
composition is a less desirable forage and consequently a decline in

grazing capacity.



The invasion of halogeton (Halogeton glomeratus) on abused range

lands of the intermountain west has done much to bring the retrogradation
of these ranges to public attention. Hundreds of thousands of dollars
have already been spent for study and control of this plant. Money is
still being appropriated for these purposes.

Native vegetation in a vigorous state of productivity apparently
controls local invasion or suppresses extensive occupation by halogeton.
Most attempts at seeding arid salt-desert ranczes have been unsuccessful,
therefore, a knowledge of vegetation composition obtainable under good
management is of primary importance in land administration. Most
problems of range deterioration must be answered throuch natural re-
habilitation and wise use of natural foraje species.

Classification of these ranze lands is an important function of
the administering asencies. Proper carrying capacities and management
practices should be based on correct classification of the lands. In
order to appraise present condition of these range lands the normal
condition or climax must be undersiocod. The Bureau of Land Management
which controls most of this salt-desert land must classify it as to
whether it is potentially arable or not. The question arises as to
whether vegetation now present on.these salt-desert ranges is an ade-
quate index to their capabilities.

Plant indicators have been used to a limited extent for classifying
areas for cultivated crop production and for grazing. The role of
ecotypic variation within the nlant species has been largely over=
looked in classifying ecalt-desert lands. Essential to use of plant
in'icators is knowledge ol whether these dominant species require

some particular element or condition found in the soil or whether they



are present merely because they can tolerate these conditions. This
knowledge is vital to an understanding of the distribution of the flora
and to the successful management of the salt-desert ranges.

This study was initiated to obtain information contributing to
a better understanding of why some of the desert plants grow where
they do, and what role soil, water, and minerals play in plant distri-
‘bution. Such information should be a useful tool in the hands of

persons attempting to classify these lands properly.



BEVIEW OF LITEPATURE

The plant indicator concept is of long standing. Sampson (L2)
stated that the plant indicator concept is based on a cause and effect
relationship where the effect is taken as z sign of the cause. All plants
are a measure of their environment. Any plant species may, to some ex-
tant, indicate the nature of its environment; yet only a few key species
of a given locality are as a rule, sufficiently restricted by growth
conditions to be helpful.

Shantz (L3) stated that as a resnlt of rainfall on the land surface
of the earth, a plant cover has developed in physiclegical and ecological
balance with the climatic conditions and substratum., He further noted
that rlant communities are often closely correlated with the developed soil
and often guite independent of the parent material from which the soil was
ori ;inally formed. He also indiczated that the great plant communities are
relatively independent of such factors as physical compositien of the =seil,
while the smaller cor minor communities are often directly affected by
such factors.

Mason (36) pointed ocut that plant distribution is primarily control-
led by the distribution of climatic factors. He further emphasized t?at
plant distribution is secondarily contrclled by the distribution of edaphic
factors. He also recognized that the functions: governing the existance
and successful reproduticn of plant species are limited by definite ranges
of intensity of particular climatic, edaphic, and bleotic factors. He
further observed that in the life history of the orjanism there are times
when it is in some critical phase of its development which has a narrow
tolerance range for a particular factor in the environment. The narrower

the range of tolerance, the mor: critical the f:.ctor becomes.



Mason (37) concluded that environment determines the pattern
of distribution of all plant species. Environment permits the function-
ing of only those individuals whose tolerances have been preadapted
to the special conditions of that environment. Mason also stated
that of the variocus categories of environmental factors, the conditions
of any factor or combination of factors may serve to restrict the
range of some species of plants. He concluded that the edaphic
factor is most likely to occur in sharply defined patterns and often
in small areas.

According to Mason (38), functioning of plants is conditioned by
the factors of the environment as they operate to control physiological
processes. He further stated that the interbreeding population,
through physiological functioning of individuals and the mechanism of
gene exchange, sets up a self=perpetuating dynamic system so that
functioninz individuals contfinually are being produced as old ones
die.. Out .of the mass of preadapted seed, the environment permits
the survival of only those which are capable of carrying on all of
their vital functions under the conditions prevailing in that en-
vironment.

Gleason (25) pointed out that the ordinary process of migration
brings the reoroductive bodies of a single plant or a species of
plant into many places and also the reproductive bodies of many plant
specinrs into the same place, Microclimate was believed responsible
for determining which may live, depending on the physiological demands
of each species.

Billings (10) defines the enviromment of a plant as the sum of
all external forces and substances affecting the growth, structure,

and reproduction of that plant. Plant growth and distribution



he stated are limited when any factor in the environment falls below
the minimum required for the plant or when any factor goes over the
maximim tolerated by the plant. A single factor often can limit the
growth, reproduction, or distribtution of a single plant species. Near
the edge of the boundary of a speciss one envirommental factor may
compensate for another and the plant will be found growing in habitats
that do not seem to be normal.

(Billings (9) pointed out that chemical differences in the soil
produced a marked change in the vegetation within a fairly uniferm
climatic. Billings (10) recognized that the fundamental problem of
plant ecology is an understanding of the close relaticnship existing
between the vegetation and its environment. He stated that vegetation
and soil are subject to the control of climate which plays a leading
role in the development and maintenance of both.

In a study of plant distribution, the rols of disease or other
catastrophe cannot be discounted. Woods (52) found that disease was
a conditional response occufring only under suitable environmontal
conditions but that it was of importance in determining plant distribu-
tion.

Billings (5) divides the Intermountain Region into two associations,

the Atriplex-Artemisia and the Salvia-Artemisla association. Many

vegetational types exist within each of these associations and these
vary considerably especially as to their edaphiec requirements. He

further divides the Atriplex-Artemisia association inte two zones on

the basis of macro-climate. FKach of these zones he points cut is a
vezetational meosaic consisting of a2 climax matrix community in which
are embedded various edaphic communities. The warmer and drier zone

is the shad=cala zone the other the sagebrush-srass zone,



Fautin (22) in his.study of the biotic communities of the Northern
Desert Shrub found shadscale widely distributed in the more xeric parts.
He noted that shadscale was well adapted to xeric conditions and that
it occurred in areas where the soil mineral content was beyond the
tolerance of sagebrush. He noted that greasewocod usually grows on
soils high in alkali and with a high water table. He emphasized that
alkali is not necessary for the growth of greasewood but a high soil
moisture content is necessary. The winterfat community was found to
occupy sandy, permeable soils where the salt content did not exceed
0.0l to 0.05 percent in the upper two feet.

In studying the vegetation of the Oreat Basin, Billings(7) found
that vegetation zones were caused primarily by the effects of climate
and soil on the distribution of the dominant spescies of the zone. The
mosaic of smaller environmental differences within the general environ-
mental limits of the principal dominants may be caused by edaphic
{actors, topography, or successional stages of the veéetation itself,

 He indicated that shadscale in Utah occurs in pure stands on the heavy
salty scils of the drier valleys, usually with a saline subsoil. He
also pointed out that the communities of greasewood, saltbush, and
winterfat embedded in the shadscale matrix were all indicators of
different combinations of salinity and ground water conditions.

The greasewood association and greasewood-shad-cale association
in the Carson Desert of Nevada were also found by Billin:zs (5) to be

_growing on saline clay soils.

Boyko (1L) pointed out that the vegetation of an area is a much
better index to the climate of that area than is a collesction of
meteorological data which describes isolated single factors. He also

pointed out that plants near the limits of survival react roadily to



the minutest chances in their environment

| \Shantz (43) stated that sagebrush in the Northern Desert Shrub
type indicates a pervious soil moistened to a depth of several feet
and free from alkali. He further noted that shadscale dominates the
more level and mature soils of the whole sa ebrush desert where the
rainfall is less than on s:gebrush land. Under the shadscale the soils
are of fine texture with harmful amounts of alkali at a depth of one
to two feet. Soils under winterfat vary considerably but are often
of fine texture with alkali at a depth of one to two feet. Greasewood
he said indicates a soil well supplied with water and containing more
than 0.5 percent ol salt,.

Stewart, Cottam, and Hutchings (45) in their study in Western
Utah found shadscale on li ht-textured soils with salt content varying
from 0.02 to 0.05 perqent depending on depth of sampling. Winterfat
also was growinz on light-textured soils but with a salt content vary-
in; from 0.03 to 0.6 percent. In the -ame area, sagebrush was growing
on the lizhtest textured soils. The salt content varied from 0.02
percent at six inches to 0.1 percent at )2 inches.

Kearney, Briggs, Shantz, McLane, and Piemeisel (33) in their
study'in;IggE}e Valley, Utah noted three characteristics typical of
the vegetation of the Great Basin, the great extent of the area oncupied
continucusly by a single type of vegetation, the sharpness of the
boundaries between the aresas occupied by each type, and the great
predominance of one or very few species in each type. They found
the sagebrush occurring chiefly on the bench lands, on coarse=textured
soils with low salt content. The shadscale was foun! to occupy a

wide belt across the middle of the valley with a high salt content



gelow the depth of one or two feet. They found greasewood to be grow-
ing in seil with a fairly high moisture equivalent and a high salt
content from the second foot down and often in the surface foot as well.
Shantz and Piemeisel (4l) studying the vegetation of Escalante
Valley found conditions very similar to those found in Tooele Valley
by Kearney et al. (33). Sagebrush was growing on moderately light-
textured soils with a low salt content. Plants growin;: on soils with
more than 0.5 percent salt at the three- to four-foot level were sickly
and stunted. Winterfat was growing on soils of fine texture with a
low salt content in the upper two feet but often with salts up to one
percent at greater depths. The shadscale association occupied land
that had 2 high salt content, hardpan, or coarse gravel at 18 to 24
inches. The salt content was usually low in the surface two feet but
was as high as 2.5 percent at the three and four foot depth. Grease-
wood occupied the lower, heavier-textured, more saline soils in the
middle of the valley. It was pointed out that while greasewood is
. not an infallible indicator of a high salt content, the salt content
of the first fecot usually ranges from 0.03 to 0.4l percent salt, the
second foot 0,03 to 0.6 percent, and the third 0.05 to 1.08 percent.
Greasewood-shadscale mistures also were found growing in areas with
soil conditions intermediate betwesen soil conditions of the pure types.
Weaver and Clements (L9) and Clements (16) stated that soils on
which sagebrush was growing were free from large amounts of salts and,
unless too shallow, were suited for agricultural purposes. According
to their analysis, winterfat indicated soils non-saline in the first
foot, with saline soils at greater depths. Shadscale also indicated
soils non=-saline in the first foot with saline soils further down.
Greasewood indicated a sofl well drained in summer, moist below two

feet, and saline throughout.
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Marks (35) in a study of vegetation and soil relations in the
lower Colorado Desert found a considerable amount of interdependence
between the various plant species and soil characteristics.

Working primzrily with sagebrush, shadscale, and greaszewood, in
soﬁthwestern Utah, Roberts (L41), Firemen and Hayward (23) found that
there was a siznificant difference in pH, soluble salts, and exchan:eable
sodium in the surface scil collected directly beneath shadscale and
greasawood and the surface soil collected in the barren areas between
the plants. This condition was not found in the case of sagebrush.

Hayward and Spurr (29) studyinz the effects of isosmotic concentra-
tions of salts on entry of water into corn roots found that the force
with which water was held to the soil particle and also the soluble
salt present in a seil were important factors in determining water
available to a plant. They further stated that the salt tolerance of
a plant may be rslated to the osmotic pressure that can be maintained
by the cell sap of a plant.

Bindschadler (11) in Wyoming found some plants to be an in’ication
of saline soils without a high water table. Shadscale was found on
heavy soil. The surface was free of soluble salts but the sub-soil
was usually saline and alkali, Greasewood was [rowing on deep soils,
moist in the subsoil and substratum. Many of these soile contained
a high total salt content and sufficient sodium to causs dispersion.

According to Beadle (4) soil properties affect both the species
composition and the growth form of plants. It was further pointed
out that the soil properties which frequently sovern plant communities
are concentration of sodium chloride, clay pans in the B horizon,

or phosphorous content of the soil.
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Albrecht (2) pointed out that since calcium, phosphorous, and
potassium furnish the major mineral portion of the soil fertility
they can greatly influence the ecological array of plants,

The toxicity of chloride and sulfate salts which accumulate in
plants was studied by Eaton (21). He found no evidence of an abrupt
point at which toxicity effects became pronounced. He further pointed
out that the limit of tolerance of a plant appeared to be an intan-
gible concept and that death took place slowly over z range of
conditions.

Thorne and Peterson (L47) stated that plant injury due to salt
concentration in the soil solution varied according to the salts
present. They also pointed out that there was often no clear-cut
distinction between effects of various salts and of drought on the
metabolism and nutrition of plants. Various anions and caticns were
found to have specific effects on some plants.

Saline and alkali soils were intensively discussed in Agriculture
Handbook No. 60 (1). Specific ion effects on various species were
pointed out. It was pointed out that saline soils have little if any
effect on the absorption of anions by the plants. Phosphorous and
nitrogen were found to be less available in calcareous zlkali soils.
It was further pointed out that analysis of plant parts may serve for
diagnosing mineral excesses or deficiencies in a soil.

White (50) studied the ground water supplies of the Escalante
Valley of Utah. He estimated the ground water of the area by the
transpiration of water from the plants of the area and evaporation
from the soils. He concluded that vegetation of an area is sometimes

a reflection of the ground water,



Breazeale (15) reporting on the alkali tolerance of plants con-
! cludad that the limit of endurance of a plant for alkali salts seems
to be determined by the amecunt of alkali that is reguired to kill the
enzymzs of the rcots that are concerned with growth. He listed an
order of toxicity of alkali salts and nointed out that the order of
toxicity depends on the number of units of time that the olant has
come in contact with the salt during its period of adaptation,

Further evidence that the scils of an area play an imoortant
role in the ecological array of plants was found by Alvim (3). He
reports that the distribution o7 cerrade in Brazil within its
phytcgeographic regions is controlled by the soil meors than any
other =colozical “actor.

Wilde and Leaf (51) stucdying the relationships bstween the degree
of soil podzolization an< the compositicn of groun! cover vegetation
in ¥isconsin found only rastricted overlapping of edaphic and
floristic boundaries.

Saline and alkali soils were described and classified by Magistad
(34). He rointed ocut that sven though plant growth has been shown to
be related to the osmotic pressure of the substrate, the mechanism
of the action causing reduced growth is not known. According te his
conclusions, this reduction of rlant crowth may be the result of the
precipitation of cell protaplasm with hizh osmotic pressure or the
disturbance of the normal nutrition of the plant. Magistad further
observed that the saline alkali soils are usually permeable bacause
of the high salt content present. He also pointed out that plants
are unable to absorb the neces=zary -lant “ood is the pH value is

8.0 or greater.
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Kearney and Harter (32) in an early publication on the comparative
tolerances of varions plants for the salts common in alkali soils
pointed out the difference in the way these salts affected some cereal
crops. They recognized great differences in tolerance even among
plants of the same family. Also the equalizing effects of caleium
salts on the toxicity of some of the other =alts was emphasized.

Increases in the osmotic pressure of expressed tissue fluids

which resulted from the addition of wvaricus salts to soils tended to

F

"
parallel the increases in osmotic pressures of the culture colutions, ég{
accordinz to Eaton di&). Also the water requirements tended to be Eg'
lower for plants crowing on saline than for those zrowinz on non- Eﬁ
saléne soils. . g?

Harris, Cortner, Hoffman, Lawrence, and Valentine (28), working

%

in Tooele Valley, Utah found that the osmotic pressure of expressed
tissue fluids from various nlant species increased as the osmotic
pressure of the soil solution increased. They also showed that the
osmctic concentration of woody plants was much higher than that of

herbaceous plants.

T3 T v L¥aies (101

Harris (27) found physio-chemical properties of the tissue
fluids to be of fundamental importance in determining the relation-
ship of the rlant orgzanisms to its enviromment. He further indicated
that since external conditions exert influence upon the characteristics
of the individual, it must be through the medium of the liguids
surroundings the protoplasm.

The possible role of toxic substances produced by cne plant in
the distribution of other »lants has lon:: been a subject of speculaticn
stated Bonner (13). Bonner and Galston (12) found that -mayule plants

produce substances which reduce or prevent cermination of guayule

191879
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seedlings benzath them. The desert shrub Encelia farincgsa was feound

to produce toxic substances which severely retarded growth of the

tomato in the laboratory (26). Artemisia absenthium (26) has been

shown tc contain in its lecaves an inhibiting substance which may sev-
erely stunt other species. Bomner (12) concludes that associaticn

or non=-association of different specles may in scme cases be the result
or specific chemical compoﬂnd; secreted by one of them.

Hilton (31) studying the germination of seeds of Eurotia lanata

under varicus conditions showed that zermination was completely
restricted in a sedium chloride solution of three percent. At con-
centrations of 0.5 to 1.0 percent of salt a hizher germination was
attained and more healthy seedlinzs resulted than in distilled water.
Stoddart (46) and Ccok and Harris (17) found that the chemical
composition of some plants in northern Utah was greatly inlluenced

by the site and soil on which they were growing.
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SPECIFS STUDIED AND HABITAT DESCRIPTION
Vegetation on the salt-desert ranges of Utah consists primarily
of the shadscale and sagebrush association which is a part of the
northern desert shrub formation (7). Five vegetation types which are
major ones of these ranges were selected [or this study. These were

sagebrush (Artemisia tridentata), shadscale (Atriplex confertifolia),

Nuttall's saltbush (Atriplex nuttallii), winterfat (Burotia lanata),

and greasewcod (Sarcobatus vermiculatus). The five species contribute -

the major portion of winter range forage of Utah. Each of the five
has been thought to be associated with particular soil characteristics
although they frequently are founz growing in close association where
there are no apparent differences in soil or topography.

These shrubs have a decided tendency to zone cut into pure types
(Figures 1 to 3). The line of demarkation between types is usually
abrupt. A change from a pure stand of one type to a pure stand of
another type may take place in a zone only two to three feet wide
(Figure L). An abrupt transition such as this is known as an alterne
(L9). Examples are shown in Figures 5 to 10. Occasionally the differ-
ent types are separated by broad transition zones. A pure stand may
grade into a2 mixture with an adjacent type and then grade out to a
pure stand of the other species. Each types studied was found growing
adjacent to all other types under study.

Each of the pure types occupied areas ranging in size from a
few acres-to several hundreds of acres. These areas occupied by
pure stands of different species adjzcent to one another give the

salt-desert a mottled appearance.
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Figure 1, Pure stand of shadscale, An island of winterfat is shown in the background.
The foothills are occupied by sagebrush and Juniper. '
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Figure L. An alterns with Nultall's saltbush in the foreground
and shadscale in the background,
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Figure 6, An alterne with shadscale in the foreground and
sagebrush in the background,
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Figure 7. An alterne with winterfat in the foreground and
greasewood in the background,
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An alterne with shadscale in the foreground and
sagebrush in the back
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Areas selected for study were for the most part confinad to three
large vallsys tynical of the salt-deserts of western Utah. Curlew
Valley is located in northwestern Utah. It is a bread, flat valley
extending from the north end of the Great Salt Lake into scuthern
Idahc. Rush Valley is located in west central Utah. This wide
valley extends from Stockton southward to Vernon, Utah. Escalante
Yalley is a large, flat valley in southwestern Utah which extends
from Milford southward to Modena.

Study areas were pure types of each species growing contijuous
to another type on the low, flat bottomlands or low terraces. Areas
were omitted where a topogravhic change occurred concomitzntly with
the change in type. Deta’led descriptions of each area studied are
given in Appendix Table 1 to 5.

Geographically, the entire salt-desert under study lies within
the Great Basin of the Basin and Range Province. Also, all of the
areas occupy nositions which were covered by the zlacial Lake
Bonneville.. Some of the aresas nzarer to the Great Salt Lake were
undoubtedly submerged by all four high water stages of old Lake
Bonneville (50). Thus, the scil-forming processes of these arsas
have been functional only in recent geolozic times. Other areas
at greater distance from the Qreat Salt Lake or which occupy higher
topogranhic positions Qere probably submerged only by the earlier
high wat=r stages. 'Thus, these areas have been subjected to seoil
forming processes for a ccnsiderably longer pericd of time.

Soil characteristics vary grzatly within the salt=desert.
Parent materials for the soil: studied were either of sedimentary
origin or were alluvial cutwash from adjacent mountain ran;zs. The
soils vary in texture from heavy clays to sandy loams and sands.

Extreme variations in the amount of alkalinity and salinity are common.



All of the vegetation types under study were growing on immature
desert soils which reflected plainly the parent material from which
they were being formed. Thus, these soils are classed as azonal.
Since they have developed only slightly, a true soil profile could
not be recognized, but there was a considerable amount of layering.
This layering was primarily geological and related to the dgposition
of the regolith.

The elevation of the areas studiedvaried from anproximately
4,225 feet above sea level in Curlew Valley, near Kelton, Utah, to
slightly over 5,000 feet in Escalante Valley near Lund, Utah. These
extremes in elsvation were separated by a north-south distance of
approximately 350 miles.

All areas were in a semiarid zone. As shown in Table 1, there
were relatively small variations in climate between areas. Precipi-
tation varied from 7.0L inches at Kelton (L8) to 10.70 inches at
Modena. Table 1 shows that long-time average temperature varied
from a January low of 22.2 degrees at Kelton and St. John to an
average January high of 26.3 degrees at Modena, Utah. July averages
varied from 69.9 dezrees at St. John to 7l.lL degrees at Modena,
Utah. Throughout the Great Basin the precipitation is uniformly
distributed over the year. According to U. S. climatological
records (L48) about 60 percent of the precipitation falls as snow
and 0 percent as rain. Thunderstorms during the summer months are
common. Surface runoff is excessive during periods of high

intensity rainfall or rapid snow melt.
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Table 1, Summary of climatalogical data from staticns located near
the study areas 1/

Averace annual Averaje temperature
Station precipitation January July
{inches) (degrees F,) (Degrees T.)
Modena 10,78 2523 T1.!
Kelton 7.0 2242 7242
Lund 8056 - —
L{ilfﬂr‘d \'3065' 25.)1 ?3.;4
St. John 16 2242 6342

1/Data obtained from 1941 Yearbook of Agriculture and
othar summaries of U. S. Weather Bureau climatalozical
(Eata .
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HMETHODS AND PROCEDURES

Soil sampling: Since the edaphic factors were considered of

primary impcrtance in the digtribution ef the vegetation types,
methods for properly sampling the soils were of utmost importance.

Soil sampleé were taken in the field during the summers of 1953 and
1954. The areas studied during the summer of 1953 were cenfined to
northern and central Utah and southern Idaho. Ir order that ecritical
studies of soil profile characteristics couls be made, trenches 18 inches
wide, 7.5 feet deep and 15 to 25 feet long were e.cavated using a Shawmee
Pull-Hoe digger mounted on a Ford tractor (Figure 11).

To ascertain whether soil characteristics near the pheriphery ef
an area occupied by a pure type were homogeneous with those in the
center of the area, a profile was exposed near the edge and another
in the center of the area. The trench near the pheriphery ol the
area was desiznated as A and the one in the center as R.

In Curlew Valley two profiles were exposed in areas occupied by
winterfat, shadscale, Nuttall's saltbush, ancd greasewood and in two areas
occupied by sagebrush. In order that data acquired would be applicable
over a large portion of the salt-desert, profiles were also exposed in
other locations. Two profiles were exposed in an area occupied by winier—
fat, located approximately five miles northwest of Strevell, Idaho. In
addition, in Rush Valley, two proliles were exposed in areas occupied
by sagebrush, shadscale, Nuttall's saltbush, and greasewcod.

To determine whether changes in soil occurred concomitantly

with changes in vegetation type, trenches were also excavated across
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Figure 11. Shawnee Pull-hoe digger used to excavate trenches for

scil profile study. A shadscale-sagebrush alterne
appears in the background.
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alternes between types. These trenches varied in length, depending -
somewhat on the abruptness of the alterne (Figures 12 and 13).

All exposed scil profiles were studied critically and each layer
was described in detail (Figure 14). These descripticns are shown in
Tables 2 to 6. While studying the profile characteristics, observa-
tions were made as to the depth of root penetration for each species.

It was determined that all five species studied regularly rooted to
the bottom of theses 7.5 foot trenches and it is assumed that con-~
ditions encountered anywhere within this depth might influence plant
growth.

Soil samples approximately two quarts in size were collected
from each of the described layers in each profile. These soil samples
were collected in heavy paper bags and placed in storage at room tem=—
perature until analyzed.

Soil sampling was continued durin_ the summer of 1954 Soil
samples were collected from =ach type under study in each of the
previocusly described valleys. However, instead of taking samples from
the layers of an exposed profile as was done in 1953, soil samples
were taken from four predetermined depths, using a Jordan soil auger.
Depthz sampled were O to 6 inches, & to 18 inches, 18 to 36 inches
and 36 to 60 inches. The chanze in sampling method made it possible
to sample more areas with less expense. This method, however, did
not permit complete examination of the profile, or collection of
soil samples from =ach soil profile layer such as was possible during
the previous summer.

Similar to the sampling method of 1953, soil samples were collected
te represént soil conditions near the periphery of an area (A samples) \

and the center of the area (B samples). Soil samples for each of the



Figure 12. Trench exposing soil profile across an alterne with
Muttallts saltbush in the foreground and sagesbrush
in the background.
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Figure lh. “omarinciion an! Jescription of soil profile in a
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rable 2.

three arsas on the salt-desert of Utah

Zone I
Depth
Texture 1/
Structure

Cclor

Zone TII
Depth
Texture
Structure

Color

Zone ITIT
Depth
Texture

Structure
Celor

Zone IV
Depth
Texture
Structure

Color

Zone V
Depth
Texture
Structure
Color

Descriptions of exposed soil profiles under sagebrush from

“Northern Utah

L5-72"

gravelly loam

angular
light
gray-=-brown

Area 2 Area 1}
Trench A Trench B Trench A Trench B
O=Tn O=10m 0-16" O=20M
SiL SCL L LiL
platey granular to filaform to filaform to
laminar angular gramlar
gray-brown gray-brown gray-brown gray-brown
7=22n 10-27" 16=52n 20-55n
CL L L L
granular granular massive to massive to
angular angular
light light light yel=- light yel-
gray=brown gray=brown lowish=brown lowish=brown
22=32n 27-35" 52-90" 55-58"
coarse sand FSL L FSL
and gT»
single-grain single-grain massive single-grain
yellowish=- yellowish=- light yel=- light yel-
brown brown lowish-brown  lowish-brown
32=60" 35=15" 58=90"
SCL gravel & sand FL
granular to single-grain
angular
light gray- light yel-
brown lowish=brown

1/ si = silt, L = loam, C = clay, S = sand, Li = light, H = heavy,

F = fine.
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Table 2. (cont.)

Central Utah

Area 31
Trench A ~ Trench B
O=btt O=5n
LiCL HSL
filaform to laminar to
granular platey
gray-brown gray-brown
6-16m 5-11n
LiCL LiCL
granular granular
light red=- light red-
dish~brown dish-brown
16-23" 11-31n
C C
blocky massive
reddish=- light yel=-
brown lowish-brown
23=T2" 3l-72"
LiC LiC
angular to massive to
blocky blocky
light light yel-
gray-brown lowish-brown



Table 3.

from two areas on the salt-desert of Utah

Zone I
Depth
Texture 1/
Structure

Color

Zone IT
Depth
Texture
Structure
Color

Zone 11T
Depth
Texture
Structure

Cclor

Zone IV
Depth
Texture
Structure

Color

Zone V
Depth
Texture
Structure
Celor

Descriptions of exposed soil profiles under winterfat

Yorthern Utah

~Southern Idaho

Area T Area 22
Trench & Trench B Trench A Trench B
0-11" O-1L» 0=61 0=Gn
FSL L LiCL HSL
platey to platey to filaform to laminar to
granular granmular granular platey
gray-brown gray-brown gray-brovm gray-brown
11-24" 1y=20" 6-16 S-11n
FSL FSL LiCL LiCL
single grain granular gramilar granular
light light light red- light red-
gray-brown gray-brown dish-brown dish-brown
2L~28n 20=2L" 1623 11-31"
L SL c i
angular gramlar to.blocky massive
angular
light light reddish- light
yellowish- yellowish- brown yellowish-
gray brown brown
28-58n 2l-50" 23=T2" 31-72"
FSL ML LiC LiC
single grain single angular to massive
grain blocky to blocky
light light gray=brovm light
gray-brown gray-brown yellowish-~
brown
58-70m 50-84"
) L
angular angular
light light
gray-brown yellowish=-
brown

1/ 51 = silt, L = loam, 5 = sand, C = clay, Li = 1ight, H = heavy,

F = fine,



Table L. Descriptions of exposed soil profiles under shadscale
from two areas on the salt-desert of Utah

Zone I
Depth
Texture 1/
Structure

Color

Zone II
Depth
Texture
Structure

Color

Zone IIT
Depth
Texture
Structure

Color
Zone IV

Depth

Texture

Structure

Color

Northern Utah Central Utah
Area L Area 28
Trench A Trench B Trench & Trench B
0=8n 0=11n O=T7n . O-6n
SCL FSL LiCL LiCL
granular to platey laminar to filaform to
laminar platey granular
gray-brown gray-brown gray-brown gray-brown
g-2hn 11-20" T2l 6-17"
SCL FSL LiC LiC
granmilar massive to angular gramular to
single-grain angular
light gray-brown light light
gray-brown brownish- yellowish-
gray brown
2l=38" 20-50" 2l=T2" 17=30"
FSL L HCL Lic
massive to granmular to blocky gramular
angular single-grain to blocky
light light light light
gray-brown gray-brown olive-gray gray-brown
38-72n 50-8ln 30=T2n
FSL FSL CL
massive massive angular to
blocky
light gray-brown mottled
gray-brown olive-gray

1/ 81 = silt, L = loam, S = sand, C = clay, Li = light, H = heavy,

F = fine.



Table 5.

Zone T
Depth

Texture E/

“tructure
Color

7one TT
Depth
Texture
Structure

Color

Zone ITT
Depth
Texture
Structure
Color

Zone IV
Depth
Texture
Structure
Color

Descriptions of exposed soil profiles under Nuttall's
saltbush from 2 areas con the salt-desert of litah

Northern Utah

Area 10
Trench A Trench B
O=11" D=10"
L L
platey to platey to
granular granular
gray-brown gray=brown
11=-23" 10-24n
L L
gramilar granular
light light
yellowish- gray-brown
brown
23=g0" 2L=-90"
L SilL
granular angular
light light
yellowish- yellowish-
brewn brown
GOmPM
SiL
angnlar
light
vellowish-
brown

/st - eilt, L = loam, § =

F = fine'

Southern Utah

Area 34
Trench A Trench B
O=10" Q=G
HSiL LiCL
laminar to filaform
platey
gray-brown gray=orown
10-35" S=20"
HCL CL
granular to massive
massive
light light
yvellowish- yellowish-
brown brown
35-72" 20=-8L"
HCL C
massive gramilar
yellowish=- light
brown olive~-gray
Bl=g0m
c
blocky
light
yellowish-
gray

sand, C = clay, Li = light, H = heavy,
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Table 6.

Zone T
Depth
Texturel/
Structure

Color
Zone TI

Depth

Texture

Structure

Color

Zone 17T
Depth
Texture
Structure

Color

Zone IV
Depth
Texture
Structure

Color

Description of exposed soil profiles under greasewocd from
2 areas on the salt-desert of Utah

Northern Utah Teéntral Utan
Area 20 Area 25
Trench A ~ Trench B Trench A Trench B
Q=71 O=7n 0-8n 0-6M
14iSL L CL SCL
filaform teo  filaform to  platey to laminar te
granular gramlar granular platey
gray=-brown gray-brown gray-brown 1i:ht
gray-brown
7-32" T=29" 8-31" B=1lt
SiL SiL CL LiCL
massive to massive angular to granular to
granular blocky angular
light light light light
gray=brown yellowish- gray-brown yellowish-
brown brown
32-78" 29=L L 31-60" 14=28"
SiL SiL gravel to HL
cobbles
blecky to angular to single-grain angular
nuciform blocky
gray-~brown gray=-brown gray-brown light
yellowish-
brown
Ly=78n 28=-60m
SiL gravel and
cobbles
blocky to single=grain
nuciform
light licht
grayish-brown brownish-gray

= loam, S =

sand, C = clay, Liz light, H = heavy,
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four soil depths were drawn {rom composite samples made up of soil from
three borings. To make up the A samples, three borings were made near
the periphery of an area and parallel to it. The B samples were ob=-
tained in the same manmner but were taken from the central portion of
the area.

During the two summers, soil samples were collected from ten
areas occupied by each of the five types. The ten areas were widely
scattered to represent conditions throughout the salt-desert.

Field infiltration studies: In order to understand better the

role that soil structure and texlure play in distribution of vegeta-
tion, water infiltration studies were made in the field during the
summer of 1253. Four infiltrometers were established in areas
occupied by each of the five vegetation types in Curlew Valley. Areas
number !, 7, 10, 14, and 20 (Appendix Tables 1 to 5) wers used for
shadscale, winterfat, salt-bush, sagebrush, and greas=wood res-
pectively.

The infiltrometers consisted of 9.5-inch diameter steel pipes,
approximately two feet long, driven into the ground six inches, The
pipes were rapidly filled with water. The water level lowered in
the infiltrometer as ths water moved into the soil. The distance the
water had lowered was measured and recorded at convenient intervals.
The pipes were refilled following each reading. Each infiltrometer
was operated for a period of approximately 60 hours. By dividing
the number of inches the water level in the infiltrometer had
dropped by the number of hours since the previous reading, the
infiltration rate in inches per hour was obtained.

In an attempt to ascertain further the effects of thes water

movement in the soil, the flow pattern of the water from each



infiltrometer was determined. To accomplish this a trench was dug
bisecting the spot where the infiltrometer had been placed. The flow
pattern or wetted perimeter was observed on the side of the trench.
This wetted perimeter was measured and sketched on zraph paper. The
dimensions from the four tests on each type were averaged and an
average {low pattern was drawn.

Determination of permeability by use of disturbed soil cores: The

entry of water intc the soil and the rate of movement throuzh the

soil can have a profound effect on plant growth. The soil in which a
plant's roots are growing serves as a reservoir for storage of water
for growth. 'When this supply is depleted because of svaporation and
transpiration, it can only be replenished by water moving through the
soil. The only water source for most of the desert plants is snow
melt and spring rainfall. Scoil texture and s tructure greatly influence
the rapidity with which the water can enter the soil and to a great
extent how much water will be retained in the soil.

As a means of ascertaining the rate at which water could pass
through the soil at wvarious depths, and to augment field infiltration
studies, a laboratory permeability study was run on all soil szmples
collected. The permeability cof the samples was determined by using
an apparatus developed by the Bureau of Reclamation at Logan, Utah
(Figure 15).

This machine consisted of a water supply bottle, known as a
Marriotte bottle, with water feeder lines running to each of 20 brass
cylinders containing the soil samples. The apparatus was arranged
so that the depth of water standing in each of the cylinders was

equal and constant. This depth was determined by the position of the



Figure 15,

Apparatus for determining permeability rates of disturbed soil corss.
Developed by U. S. Bureau of Reclamation, Logan, Utah,
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lower end of the standpipe in the supply bottle.,~Rach of the individual
feeder lines running to the cylinders was supplied with a pinch-cock.
This allowed any one or all of the lines to be closed or opened at any
time, thus, allowing samples to be put on or taken off the machine with=-
out disturbing the remainder of the samples.

The brass cylinders containing the soil were made of two-inch
diameter seamless brass tubing three inches long. A shorter piece of
like tubing twe inches long was attached to the top of the three-inch
cylinder by means of a two-inch rubber band made from a bicycle tire
inner tube. The shorter cylinder served as a water reservoir,

In preparing a soil sample for the permeability test it was air
dried, pulverized, and put through a 1 mm. soil sieve. The three=-inch
long brass cylinder, which was to be the soil receptacle, was covered
on one end with a piece of light muslin held in place by a2 rubber band.
A thin layer of glass-wool was placed inside the cylinder against the
muslin. This was to prevent the soil particles from plugginz the muslin
and thereby retarding the flow of water throu:h the soil. The cylinder
was then fillad with the prepared scil. To obtain uniform compaction
of the soil in the cylinders, the filled cylinder was dropped ten
times from a height of one inch. If the cylinder was not full after
compaction more soil was added and leveled off with a putty knife,
using care not to further compact the soil.

When the three-inch cylinder was filled with soil, the two=inch
cylinder was secured in place, A thin layer of glass-wool was then
laid inside the shorter cylinder on top of the soil. This layer of
glass wool overlavin- the soil acted as a splash board to *prevent the
water flowing into the reservoir from the feeder line from puddling

and further compactingz the soil core.



When the cylinders were properly filled with soil they were placed
upright in a pan filled to a depth of approximately 2.5 inches with
water. This allowed the soil to become completely saturated by upward
movement of water through the soil. The upward movement of the water
also displaced the so0il air thereby preventing air from later moving
into a feeder line of the appsratus and causing an air lock. To insure
complete wetting, and displacement of air, the samples were soaked
over night. After this preliminary soaking period, the samples were
allowed to drain for 15 minutes and then they were set in place on the
permeability apparatus. The lower end of the brass cylinder, covered
with muslin, rested in a glass funnel which was set to drain into a
receptacle to catch the percolate. The reservoir was then filla=d with
water and the feeder line inscrted so that the lower end of it was
submerged in the water, The pinch-cock was then released to allow the
water to flow into the cylinder. As pointed ocut previously, the depth
of the water in the reservoir cylinders was regulated by the heicht
of the standpipe in the water supply bottle. The depth of the water
in 211 reservoir cylinders on the machine was equal and constant,
thereby, a constant hydrostatic head was maintained on all samples at
all times.

The date and hour was recordsd as each core was placed on the
machine. The amount of percolate that had accumuilated in the receptacle
was measured in milliliters at the end of one hour. This was recorded
and used in the computation of the initial permeability rate of the
soil core. For the remainder of the test period the amount of percolate
was measured and recorded at convenient intervals. The time lapse,
in hours, between measurements of the percolate was alsc recorded

each time the percolate accumulation was read.



The samples were left on the machine for periods ranging from 36
hours to 10 days depending on the rate of permecability and the time
required for the soil and leaching water to come intc equilibrium. To
ascertain when the soil core and the leaching water had reached
equilibrium, the Standard Burean resistance bridze (LL) was used.

Each day a sample of the leaching water from the supply bottle was
placed in the resistance bridse cup and a resistance reading obtained.
fter the percolate accumilation of a soil core was measured and re-

corded, a s=mple of it was placed in the resistance bridge cup and a
resistance reading obtained. When the leaching water and the leachate
from a soil sample gave similar resistance readings the soil was
assumed to have reached equilibrium with the water. The sample was
then assumed to have reached or approached its constant permeability
rate. The socil core was then removed from the apparatus.

To calculate permeability rate from the data a modification of
Darcey's formula (1) for water movement through soil was used. The
formula is P = QL/TAH, where P equals the permeability rate of the
soil in inches per hour, Q egquals the millileters of percolate coll-
ected between readings, L equals the length of the soil core in inches,
T eguals the time interval in hours between percolate accumulation
readings, A equals the cross-sectional area of the cylinder in square
centimeters, and H equals the hydratic head or the length of the soil
core plus the water in the reservoir in centimeters. Since cores of
the cames length and cross sectional area were used throuchout the
study and the same hydraulic head was maintained, the formla was
simplified. The portion of the formula (L/AH) was expressed as a
constant (K). The formula than became P = KQ/T. The dimensions of

the core were, L = 3 inches, A = 18.86 square centimeters, and H =

L6
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11.3 centimeters. When these values were substituted into the formula,
K was found to be equal to 0.0138. The final calculation for the
determination of the permeability then became P = 0,0138 x ¢/T.

Collection and Chemical Analysi: of Plant Material: In the

process of studyin: relative tolerances of the plant species, plant
samples for chemical analysis were collected from each area,

Samples were made up of current-year's growth. In order to be

assured of a representative sample, portions of individual plants were
clipped at random throughout the sampling area. The samples were

air dried, put through a one=millimeter Willey grinding mill, and stored
in closed glass jars until analyzed. The plant material was

analyzed for the following constituents: sodium, magnssium, chloride,
sulfur, potassium, and calcium. All of these elements were present

in various amounts in the sc¢il in which these plants were growing.

A1l of these elements have specific effects on plant growth (1)

either from the standpoint of deficiency §r toxicity.

Sulfur was determinmed by methods as described by Painter and
Frank (39), magnesium and calcium as outlined by Gehrke et. al. (24),
chloride was determined by methods as cutlined by Hillebrancd and
Lundell (30), and sodium and potassium by use of the flame photometer
as described in Agriculture Handbook 60 (1) under methods 57a and
58a respectively.

Chemical and Physical Analyses of Soil Samples: All soil samples

collected during the summer of 1953 and 195L were subjected to a series
of analyses for characteristics which it was thought might influence

or determine the plant species produced. The chemical analyses run

on the samples were: pH of saturated extract percentage of total

soluble salt, saturation extract conductivity, base exchan;e capacity,
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amount of exchangeable sodium, exchangeable sodium percentage, lime
content, amount of exchangeable potassium, and exchangeable potassium
percentage. Analyses also were run to determine the parts per
million of calcium, magnesium, sodium, potassium, chloride, sulfate
carbonate, and bicarbonate. Soil moisture percentages remaining
under 1/3 and 15 atmosphere pressurcs also were determined for all
samples.

Procedures used for these analyses are described in the Agriculture
Handbook number 60 (1), chapter 6. Methods used were as follows, for
electrical conductivity: method Laj; soluble: method 5; exchangeable
cations: method 18; cation-exchange capacity: method 193 exchangeable-
cation percentage: method 20a; pH determination: methods 2la and 21bj;
1/3 atmosphere percentage: method 30; and 15 atmospheres percentage:
method 31. Other determinations used were for calcium and magnesium:
method 73 sodium: method 10a3 potassium: method 1lla; carbonate and
bicarbonate: method 123 and chloride: method 13. Sulfate was
determined according to method 1lha except the sample was centrifuged
and the precipitate was canght on ashless filter paper, washed free
from soluble salts, then ignited and weighed. Lime was determined
by method 23c with the following modifications. One gram of scil was
boiled for five minutes with 0.5 normal sulfuric acid. The excess
acid was then titrated and 50 millileters of distilled water was added
to the solution. Phenolphtaleen was used as an indicator and a special
titration light was utilized.

Composition and Density Determinations of Vegetation Cover: To

better understand the effects of soil upon ccmposition and density of
vegetation, data on these factors were collected during the summer of

1954. Density and compcsition were determined by a modification of



the Parker method (LO). A one-hundred-foot steel tape was stretched
between uprizhts in each of the study areas. A plumb was dropped from
each foot-mar’ and a record was made of the conditions contacted at
that point. Readings were made as to plant species, erosion pavement,
litter, and bare ground. Four such transects were run at random in
each area. From these data nlant composition and density were
calculated. Notes concerning the apparent grazing pressure, vigor and
heizht of the plants, topographic conditions, and centizuous

vegetation types were also taken.

L9
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RESULTS AND DISCUSSION

Soil analyses data were computed and treated statistically fer
each soil character individually. Samples were collected from four
depths and from two positions (A and B) within ten areas occupied by
each of the five species under study.

Each of the A and B samples was a random sample of the variation
within its respective portion of the area. The two samples could not
be pooled unless the two portions were found to be homogeneous. The
Dixon and Massey (19) test for homogeneity of variances was used to
test whether A and B samples were homocenecus. If the tweo samples
were homogeneous, they were considered to represent random distribution
of variance of the entire population being sampled. A and B samples
are compared for homogeneity in Appendix Tables 6 to 10. If the
variances were homogeneous, pooling was permitted and the statistical
analyses as presented in Tables 8§ and 9 were carried out. In a few
cases the two samples were found to be heterogeneous and analyses and
interpretations were made in accordance with this knowledge.

pH: There appeared to be little difference in pH among soils under
the five dominant types or between depths under each type (Table 7).
However, an analysis of variance shows significant differences in pH at
various depths within the winterfat type (Table 9). This resulted from
the small variability from area to area, making even small differences
associated with depth significant. In addition, an analysis of variance
showed significant difference in pH between soils from various depths
when all vegetation types were'averaged (Table 8). Also, according to

the measure of least significant range E/, each of these depths differed

l/ This new multiple range test is a technique recently developsd by
D. B. Duncan (20). This procedure can be used to compare every
treatment with every other treatment in an analysis of variance.



Table 7. Mean values for various soil characteristics obtained
from four depths in ten different areas of =ach of five
vegetation types of the salt-desert ranges of Utah

Total JSaturation Base
Type and pH soluble extract Exchangeable exchange Exchangeable
depth salts conductiyity Na me./100g. cap. Na percentage
percent K x 103 me./lJOg.

Sagebrush

0-6 in. 8.1 0.05 1.0 0.5 17.B 3
6~18 in. 8.2 0.13 2.8 1.6 17.8 e
18-36 in. 8.3 0.Ll 8.3 3.7 16.7 23
36-60 in. 8.2 0.71 15.6 L7 15.3 32
Mean B.2 0.32 6.9 2.6 16.9 3 )
LB X/ e 022 4.2 ) 1) - o
Winterfat

0—6 in. 8.2 OOO,J 009 Onh 160? 2
6-18 ino 803 0-19 h06 l-B 16.5 12
18-36 in. 8.3 0.52 12,5 i 16.4 2l
36-60 in. 8.0 0.70 18.9 L.O 15.7 26
Mean 8.2 0.36 9.2 2.5 16.3 16
L.E. we Dally 3.k 0.7 I —
Shadscale

'0=6 in. 8.4 0.09 . 1.0 17.0 6
6-18 in. 8.3 0.37 Bl 3.8 19.0 20
18-36 in. 8.3 0.72 171 L.7 18.0 26
36=60 in. 8.1 1l.12 27.1 5.5 17.L 31
Mean 8.3 0.58 13.8 3.7 17.9 Fa
i, 0a28 L.9 1.3 R o=
Nuttall's

saltbush

0'6 in- 8.2 0118 hoh 1-2 lE\ot; 6
6-18 in. 8.2 0.69 1h.4 3.8 18.9 20
18-36 in. 8.3 1.23 26.7 6.2 17.8 35
36-60 in. 8.2 1.47 31.9 5.9 17.2 34
Mean 8.2 0.09 19.3 L3 18,1 2l
L.E. D28 6.6 1.0 S o
Qreasewood

0=6 in. 8.2 0.29 6.8 242 19.3 11
6"18 ino 8-7 0-82 13.2 6.1 20.5 30
18-36 in. 8.4 1.03 17.7 5.8 18.5 33
36-60 in. 8.2 1.19 23.8 Te2 18.4 31
_Mean 8.4 0.83 15.4 4.8 19.2 26
L2, e D30 L2 1.8 e
Depth means _

0"6 i 5o % 802 0.13 3-2 1-0 17.9 6
6-18 in. 8.4 0.L4 8.6 3.4 18.5 18
16-36 in. 8.3 0.78 16.4 L.8 17.5 28
36-60 in. 8.1 1.0 23.5 5.0 16.8 31

1/ The limit of error (L.E.) is sometimes expressed as # 1/2
the 95 percent confidence interval. =
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Table 7. (cont.)

Lime per- Permeability 1/3 atmosphere 15 atmospheres Exchangeable Exchangeable

centage in. /hr. percentage percentage K me./iOOg. K percentage
15 0.66 25.6 10.2 2.8 15
19 0.4l 29 s B 3.1 18
25 0.88 39.3 13.3 243 1
25 0.75 31.9 11.9 1.8 11
21 0.68 28.7 11.8 2.5 1k
— v B 7 e e ——
19 0.80 20.6 8.8 2.6 16
22 0.57 87.B 9.0 2.4 16
23 0.40 25.1 9.1 1.8 12
21 0.33 26.2 190.0 1.5 10
22 0.52 2.7 9.2 2.1 13
16 0.31 20.8 9.9 ied 2L
21 0.48 2L 13.1 3.0 17
2L 0.59 261 13.6 1.8 11
21 0.69 2642 13.0 1.6 9
21 0.52 2Ll 12.4 2.6 15
— hiten pan 3.5 — —
19 0.38 3.7 10,2 L6 25
21 0.38 26,7 11.9 2.9 15
22 0.49 29.9 13.1 a [ 10
2L 0.h45 31.0 12.5 ks 8
21 0.43 27.8 11.9 2.7 1
- A—— 3.7 — —_— —_
13 0.25 22.5 10,7 4.0 21
19 0.12 31.6 14.0 3.1 16
19 -0.16 30.7 13.0 2.3 12
1 0.31 29.L4 11.9 1l 8
16 0.21 28.5 p 8 DT 1
= —— 2.9 — — —
17 0.48 22.6 10.0 3.6 20
20 0.L0 26.1 12.0 2.9 16
23 0.50 28.9 12. 2.0 12
21 0.51 29.0 11.8 1.5 9
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Table 7. (cont.)

Calcium Magnesium Sodium Potassium Chloride Sulfate Carbonate Bicarbonate

PesPeMe  PaPefMe PePsfe DePella PePeMe  DPeDelle PePol. DeD.M.
74 1 61 10l 70 65 0 432
64 17 298 112 361 103 5 526

196 106 832 11 1,368 1,060 16 602
517 219 1,684 117 2,565 2,665 17 L2l
213 89 719 112 1,096 973 9 L96
—_ — 556 s .
82 22 15 113 148 137 0 L95
68 27 556 99 62l 273 5 536
146 s4 1,236 82 1,433 635 6 513
SLL 148 1,667 91 1,942 2,237 0 348
210 63 901 96 1,037 820 3 473
e s 233 - —_— — - —
L7 12 189 155 190 81 0 538
69 41 995 116 1,118 1166 5 680
317 180 1,799 S 2,328 1,522 11 1489
1,260 431 2,735 165 3,962 4,704 0 256
1428 166 1,429 132 1,900 1,693 L Lol
S S 613 ~ —_—
306 L9 347 2L6 336 1,092 0 482
34l 93 1,693 152 1,860 2,019 z 182
561 280 3,269 143 L,12 3,367 20 L59
1,198 413 3.551 137 4,950 5,600 2 321
602 208 2,215 170 2,818 3,020 6 36
—_— S— 918 = i
63 20 580 150 788 140 0 587
88 L7 1,865 118 2,425 1,323 0- 697
237 80 2,355 90 2,689 1,112 : 546

1,003 166 2,9L6 118 3,557 L,2Lk 0 L32

348 78 1,936 121 2,416 1,780 0 565

o sy 130 e .
114 23 26l 155 306 303 0 507
127 45 1,081 120 1,128 837 3 584
291 0 1,898 105 2,433 1,599 L 522
908 275 2,517 126 3,395 3,390 12 356



Table B, Analysis of variance for various soil characteristics obtained from four depths in ten
different areas of each of five vegetation types of the salt-desert ranges of Utah
Saturation
Source DuFe pH Totzl sol- extract Exchangeable Base exchange Exchangeable
uble salts conductivity Na me./100g. cap. me./100g. Na percentaze
percentare K x 103
Mean Squares
Type Lo 1,369.4  0.5L3% 195,13 0e15% 9.78 156.35
Tvpe x area, Error (a) L5 1,635.86 0,185 57.08 2.85 9.38 7410
Depth 3 1,545.86% 1,576 792 4104 33,96 5o 380 1,306.82%%
Type x depth 12 882,86 0.040 15,81 1.01% 0.59 28,06
Error (b) 135 538,27 0,020 6472 0.46 1.26 11.65
Between samples 50 717,96 0.021 6455 0.41 0.92 2017
Samples x depths 150  460.08 0,006 Lie66 0,19 0.51 60k 31

# Indicates significance at the 0,05 lavel.
## Indicates significance at the 0.01 lavel.

ns



Table 6., (cont.)

Lime per- Permeability 1/3 atmosphere 15 atmospheres FExchangeable Exchangeable Calcium
centage in./hr. percentage percentage K me./100g. K percentage pspP.m.
Mean Squares

36.90 0.2} LS. 15 14.50 0.57 3.10 215,320.22
L5.67 0.13 4.10 10.69 0.68 20.90 110,366.6L
62.10%% 0.03 88,364 11,68 8,863 239.15#¢ 1,401,022.53%¢
B.72% 0.05 6.15 1.24 0. Ll#w 1h.35% 49,726.65
.3k 0.0k 0 ) 1.23 0.10 2.78 Ll ,686.53
2.02 0.06 L.12 0.70 0.08 2.02 21,164.32
1.52 0.03 2.16 0.37 0.02 0.78 17,037,25

# TIndicates significance at the 0.05 level.
#% Indicates significance at the 0.01 level.

S5



Table 8, (cont.)

Magnesium
pP.p.m.

Sodium
PePefe

Potassium Chloride Sulfate Carbonate Bicarbonate
PsP.Mm. P.p.m, P.P.m. PePsle PaPsms

319,412.10  33,156,313.6%

274,832,344  11,199,650.1

1,31L,501.03%% 95,975,8L8.8+x

80,695.10
89,292.29

63,630.43
38,567.56

3,016,556.5%
1,330,211.8

907,118.2
437,85L.0

¥ean Squares
60,818.28 L9,788,590.9 60,80L,931.5 752.94  177,992.83
57,056.09 25,318,440.7 29,412,947.5  1,204.17  111,142.63
Ll,7TUL.h2#x  181,292,806.8%+ 249,872,997.6%¢ 2,485.48%¢ 93L,333.39%

12,46L. 76% 6,765,143.9 5,966,741.3 397.56 82,968, L9
6,087.51 3,937,5L8.4 6,893,998.0 710.25 33,785.89
6,314.76 2,965,745.4 L,727,812.4  1,091.63 76,361.1L
2,590.22 1,092,261.9 2,768,757.5 701.19 2l,30L.61

# Indicates significance at the 0.05 level.
#% TIndicates significance at the 0.0l level.

95
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in areas and depths

# Indicates significance to the 0.05 level.
## Indicates significance to'the 0,01 level.

Table 9. Analysis of variance of soil characteristics of pooled A
and B samples collected from four depths in ten different
areas of each of five vegetation types of the salt-desert
of Utah

Saturation
Source DsF. pH Total sol- extract Exchangeable
uble salts conductivity Na me./100z.
N percentage K x 103
¥ean Squares

Sagebrush

Area 9 309.103 0,692 156.65 13.37

Depth 3 309.57 1,840 BOL 0B 73468

Area x depth 27 62.02 0. 20} 33 05,094 84380

Between samples with- 40 92,30 0.076 27+ 1l 2.38

in areas and depths

Winterfat

Area 9 155,64 0.l 0 192,48 1), 668

Deptlh 3 2?6.18* 1 . SOH 1 ,302 . 5?*{' 5? . 5\3‘“‘*

Area x depth 27 B5.008#% 0,11 534908 Lie22%%

Between samples with=- 40 26.05 0.03 T8 .8

in areas and depths

Shadscale

Area 9 E8La1h 1. 365 501,00% 31,314

Depth 3 690.98 3.99%¢  2,291,07#%  77.35%

Area x depth 27 1,07T7.17#% 0,34 15134 B4 D0x

Between samples with- [0 291.41 0.22 | 38.2L 2450

in areas and depths

Futtall's Saltbush

»

Areas 9  552.06 2.57#+  1,004.84 28415

Depths 3 146.08 6.65#%  3,062.48 103, 39%*

Areas x depths 27 823.95#% 0.51wx  1,972.57#% Eo Lot

Between samples with- 43 112,57 0,12 69.11 1.69

in areas and depths

Greasewood

Areas 9 6,29343k Lo 213 990,78 55,03%%

Depths L 3 3,650.1{8 . OB*‘* il ’029-3?'}* 6].1. D-}-EH

Areas x depths 27 1,502.37#% O.L5# 113.16% 13.19%

Between samples with- 4O 1,869,08 0.1} 20.42 L.83
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Table 9. (cont.)

Base exchange Exchangeable Lime per- Permeability 1/3 atmosphere

cap. me./100g. Na percentage centage in. /hr. percentage
Mean Squares
108,65%% 429.2] LBl o033 4.01 921,12+
27.29 3,586.58#% 508 . 07 0.70 314.71
18,094 253,16%% L6 . Blen 3. 70 231,174
6.02 83.39 13.25 1.61 79.02
122,41 783,53 11254 7O 0.l 3% 180,57
Le17 2,516,155 61.93 0.88:#% 122.97
CRBE 170.90%# 354063 0.13## ;6,18
1.58 37.10 11.70 0.03 10.81
113.27## 661 33 618 .5l 1.77% 219 .38%%
15.28 2,330,513 108.75 0.53 134.07
15,99 160,90 66,98 0.62% 62 .39
3.94 46.06 14.34 0.16 18.99
75.72# 53k . 70 167.04 0.67 203.33%
12.03 3,700,564 90.25 0.05 216.87
2 .92 1)y 923 994 72% 0.523% 75693
7.40 L2.70 2L.76 0.1, 21.33
19,12 1,916.39 588,28 0.16 LSS Ly 3
16.79 2,056,148 201.00 0.15 341.1h
LS. 18 3,557 41 81.55%% 0.26 102,88 %#
12.05 130.45 13.02 0.92 13.63

# Indicates significance to the 0.05 level.
## Tndicates significance to the 0.01 level.



Table 9.

15 atmospheres Exchangeable FExchangeable Calcium Magnesium
percentage K me./100g. ¥ percentage P.p-m. PePsl.
Mean Squares
222.17%% 9410+ 16€.25#% 708.69 317,5L3.54
31.40 716 145,71 895.12 185,890.88
39,194k 0.10 Ll 68 613. 7L+ 177,298,199
8.90 0.22 8.96 208.02 37,626.45
20, 3l 3,368 259.6Lx%  152,595.20 6,8L6.7h
L.28 6.22% 199.38% 1,015,006.88x 6,845.48
ly 053¢ 1,18 56.46%¢  179,LLB.LB%x=x  1,869.08%x
1.00 0.2L 14.71 30,202.88 1,017.29
213.0k 9 oLyBt¢ 30L. Ll 782,527.02 L47,3L0.41
56.36% 20456%x 925,22 6,74l,206.18%% 732,259.48
2.89 0.40 13.62 154,900.95 84,937.00
56. 0l T 9036 165.30% 2,578,620.65% 549,532,02%
31.09 38,93 1,099.68%% 3,411,145.01% 570,726.L48
16,32 1.30%x 32.93%%  960,833.123% 239,979,6l¢
5.72 0.22 4.02 363,h65.104 97,455.70
22.78 L.28 149.55% 1,295,596.76 52 3598498
42.48 2. 06 595.35%* 3,933,735.9Lsx  00,2L9.75x+
17.65%% 2,27 L7.78%%  974,701.20%%  17,255.9l
4.22 0.72 13.12 147,365.19 3,127.54
# Indicates significance to the 0.05 level,
#% TIndicates significance to the 0.01 level.



Table 9. (cont.)

Sodium Potassium Chloride Sulfate
p,p.m. p.p.m. p-p.m. p.p.m.
Mean Squares
1,243,909.99 33,039.41#¢  12,906,073.70 13,366,837.30
10,363,173.61%* 610,82 25,573,769.33% 29,607,815.51#
1,117,193.93** 7,586418% 6,817,458 624 8,839,295.59%
1487,410.86 1,429.92 1,739,362.48 2,119,279.7h
3,455,571 72#%¢  16,318.L9% 3,691,185,31 % 14,351,159.9
9,262,503 7Th*  3,1,96.98 12,921,461.58%¢ 18,726,085, L3
682,170.30** 5 L6080 ¢ 1) 30 992 ,08ly. 633 2,775 ,1406,60%x
86,113.81 707.29 174,971.59 412,436.75
10,9L3,LL7.94*  32,653.89 25,125,678.90#%  25,017,931.30
23,778,769.16%%  26,957.57 53,120,L15.80%¢  87,991,123,20%
2,9L7,971.15%% 20,910,013 8,490,105,05%%  11,,227,170,88¢
589,350.58 7,981.85 2,009,366,55 2,392,107.91
10,641,283,60+% 157,631.31%%  35,583,L81.50%¢  76,932,416.10%
LL,378,LLB. k0w 53,110.93%x  88,858,36L.30%¢  76,535,403.50%%
4,123,316.8l%* 17,094,194  11,29L,760.81#¢  15,,58,875.92%%
1,324,591.35 55571.58 3,5306,003.63 5,798,148.65
21,630,108.30%%  15,637.L2%x  149,285,76L.30%¢  27,39L,392.80
20,259,179.84#%  15,394.17 27,879,371. 3%  60,690,535.L0%
1,892,777.Th#¢ 5,163,054 3,653,585.2%#¢  17,306,435.62x%=
290,883.76 1,916.10 573,U59.66 5,270,633.10

# TIndicates significance to the 0.05 level.
#¢ Indicates significance to the 0.0l level.



Table 9. (cont.)
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Carbeonate Bicarbonate
P+P.I. PsPenl.
Mean Squares
1,792.56 25,513.43
1,351.61 142,409.78
1,616,655 83,602.32%
T7h.94 33,698.51
577.81 36,695.92
197.81 1hly 42k . 08+
631.61% 47,390,756
292.81 16,604.52
1,170.45 88,576.3L
502.28 619,326,084
1,493.88% 86,11L, 00
669,32 37,003.89
2,262.2 126,141.40
1,806.23 120,029.78
14,985 .68 % 63,903,803
2,039.12 27,007.61
217.80 276,786.30
217.80 240,017.62
SLO. LT 163,725 .23
21.78 71,479.55

# TIndicates significance to the 0.05 level.
## Indicates significance to the 0.01 level.
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significantly from all others. Mean pH values were 8.2, 8.4, 8.3, and
8.1 for the O to 6, 6 to 18, 1B to 35, and 36 to 60 inch depths
respectively. Therefore, these desert soils had significantly higher
pH values at the 6 to 18 inch depth than at other depths.

There was wide variability in pH among the various areas occupied
Ey sagebrush. This was the only type showing a significant dirference
between areas (Table 9). Thus, sagebrush soils were shown to be more
variable for pH than soils under other types studied.

These data indicate that little variability in pH means existed
between soils occupied by the five types studied. The pH of soils did
not appear to be a significant factor in determining the distribution
pattern of the species studied.

Total soluble salts, percentage: The total soluble salt content

of the soil varied widely among the various vegetation types (Table 7)
and this difference was significant (Table 8).

Soils under sagebrush averaged only 0.32 percent which was the
smallest amount of soluble salts contained under any of the five types.
Mean total soluble salt values for the other types were 0.36, 0.58,
0.89, and 0.83 percent for winterfat, shadscale, Nuttall's saltbush, and
greasewood respectively (Table 7).

The total soluble salt contént increased with depth under each type
(Table 7). Under sagebrush the increase was from 0.05 percent in the
first six inches to 0.71 percent at the 36 to 60 inch depth. Conversely
greasewood average 0.29 percent in the top six inches and 1.19 percent at
the 36 to 60 inch depth., Significant differences were found between all
depth means.

Using the test for least significant range, it was found that
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significant differences in total soluble salts also existed between
all type means (Tables 7 and 8). Significant increase in soluble salts
with increased depth of soil was evident in each vegetation type
(Tables 7 and 9).

The content of soluble salts also varied from area to area within
each type and this variation was highly significant for all types
(Table 9 and Appendix Tables 11 to 15). In addition there was marked
variability in the content of soluble salts at the various depths in the
different areas within each type. This variability was siznificant and
was not peculiar to any individual type, as shown in Table 9.

These data indicate that sagebrush and winterfat are not generally
found on soils with excessive soluble salt content. Greasewood and
Nuttall's saltbush usually are indicative of much higher salt content.

It was found in comparing sample A with sample B within each type
(Appendix Tables 6 to 10) that A and B variances were homogeneous for all
types except sagebrush. In the sagebrush type, the variability in total
soluble salts was significantly greater in the center of the areas than
near the periphery. This variability within sagebrush is contrary to
expectation and no explanation is apparent.

In many cases it was found the five types studied were growing on
soil with an equal soluble salt content (Table 7 and Appendix Tables 11
to 15). Figure 16 shows the range of total soluble salts and the amount
of overlap between the five types. All types were found to occur cn soils
with a total soluble salt content between 0.23 and 0.72 percent. Within
this range some factor or factors other than total soluble salts act
either alone or in combination with soil salt as the limiting factor in

determining what vegetation type will occupy the area.
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The high variability between areas as shown in Table 9 suggests

that each of the five plant species studied has either a broad range of
tolerance for soluble salt or that each species is composed of various
ecotypes, each with its own tolerance range. Ecotypic variation would
seem to be a plausible explanation for the wide variability between areas
supporting the same vegetation type. This study, however, was not
designed to determine these genetic variations.

Saturation extract conductivity, millimhos per cubic centimeter:

Saturation extract conductivity is a measure of soluble salts in the
soil. It is believed more meaningful than the total soluble salt
percentage as equal quantities of different salts do not give the same
saturation extract conductivity.

The saturation percentage of a soil is approximately four times the
15 atmosphere percentage (1). The 15 atmosphere percentage is an
approximation of the percent moisture in the soil at the permanent wilting
point. The saturation percentage is approximately two times the 1/3
atmosphere percentage (1), which represents the field carrying capacity of
a soil. Therefore, the concentration of a soil solution when the soil is
at field carrying capacity is approximately twice that expressed in
the saturation extract conductivity reading. Likewise, a soil nearing the ;
wilting percentage would have a soil solution approximately four times |
as concentrated as that expressed in the saturation extract readings.
Tables are shown in Agriculture Handbook No. 60 (1) for converting
saturation extract conductivity to total soluble salt percentage in theﬁ
soil.

The saturation extract conductivity of the soil varied greatly among
the five vegetation types studied (Table 7). These differences were

shown to be significant by analysis of variance (Table 8). The test for



least significant range shows differences between all type means to
be of sufficient magnitude to be significant. The same is true for
all depth means (Table 8).

The soils under sa:ebrush had the lowest saturation extract
conductivity reading with 6.9 millimhos per c.c. Winterfat, shadscale,
greasewood, and Muttall's saltbush followed in order with wvalues of
9.2, 13.8, 15.4, and 19.3 millimhos per c.c. respectively.

Since the saturation extract conductivity values are closely
related to total soluble salts in the soil ther also could be ex-
pected to increase with depth. As shown in Table 7, this was true.
The s-turation extract conductivity values varied from 1.0 in the
surface six inches of soil under sagebrush to 15.6 at the 36 to 60
inch depth. On the other hand, soils under Nuttall's saltbush varied
from 4.4 in the O to 6 inch depth to 31.9 millimhos per c.c. at the
36 to 60 inch depth.

An increase in saturation extract conductivity with soil depth
was evident in all vegetation types (Table 7). This increase was
significant (Table 8).

While the saturation extract conductivity values were variable
from area to area within each type, the variation between areas was
of sufficient magnitude to be significant only in winterfat, shad-
scale, and greasewood (Table 9 and Appendix Tables 11 to 15). The
saturation extract conductivity values at various depths differed
significantly even between areas of the same type (Table 9).

When A samples were compared with B samples within each type
(Appendix Table 6 to 10) it was found that A and B samples were
homogeneous for saturation extract conductivity within all types

except sagebrush. 1In areas occupied by sagebrush the B samples



were more variable than the A samples. This indicates greater
variability in the center of the sagebrush arsas then near their
perimeters. No explanation for this variability is apparent.
Data in Table 7 and Appendix Tables 11 to 15 show a consider-
able overlap between types for saturation extract conductivity
tolerance. The range of saturation extract conductivity values
for each type are shown in Figure 17. All were growing normally
on soils with saturation extract conductivity values between 6.2
and 15.7 millimhos psr c.c. Sagebrush and winterfat are shown to
have comparable ranges of tolerance for saturation extract
conductivity. Shadscale and greasewood have higher ranges.
Nuttall's saltbush is shown to be growing on soils with much
higher saturaticn extract conductivity than the other types.
These data indicate that sagebrush and winterfat have a
narrower tolerance range for saturation extract conductivity than

shadscale, Nuttall's saltbush, and greasewood.
d

/

/  Exchangeable sodium, milliequivalents per 100 grams of soil and

-éxchangeable sodium percentage: Exchangeable sodium can have

profound effects on the physical and chemical properties of secil.
The affects of a given amount of exchangeable sodium on a scil will
vary with such factors as soil texture, surface area of the soil
particles, type of clay in the soil, potassium status, and the
organic matter content of the soil.

Plant species vary in the amount of sodium they can tolerate.
The effects of sodium on plants are not well known (1). A high
amount on the exchance complex of the soil may cause deflocculation

and puddling which, in turn, decreases soil aeration and
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/

f permeability and may decrease water availability. An exchanze complex
40 to 50 percent sodium saturated may cause rutritional deficiencies in
“some plants (1).

A considerable amount of variability in exchangeable sodium among
goils under the different vegetation types is shown in Table 7. These
differences in @xchangeable sodium are of sufficient magnitude to be
significant as shown by averages and limits of error for =ach tyve
(Tables 7 and 8). There also appearsd to be a considerable amount
of variability in exchangeable sodium percentage between types
(Table 7). This variability, however, was not great enough to
show statistical significance (Table §).

So0ils under winterfat had the smallest amcunt of exchangeable
sodium as well as the lowest exchangeable sodium percentage
(Table 7). Winterfat scils had 2.5 milliequivalents of exchanceable
scdium per 100 grams as compared to greasewood soils which contained
le8. Soils under winterfat also contained the lowsst and grzasewood
soils the hizhest mean exchangeable sodium percentages, with 16 and
26 percent respectively.

Both the amount and percentage of exchan eable sodium increased
with depth under all vegetation types (Table 7). Under winterfat the

%, exchan:eable sodium increased from O.4 me./100 grams at the surface
\

\to 4.0 me./100 grams at the three to five foot depth. Under greasewood
the exchangeable sodium increased from 2.2 in the surfaces 3ix inches

of soil to 7.2 me./100 grams at the three to five foot depth. The
exchangeable sodium percentace varied from 2 to 26 percent under
winterfat to 11 to 31 percent under greasewccd.

The test for least significant range indicated that all type

means and depth means were sufficiently wvariable in amecunt of



exchangeable sodium to be significantly different. Depth means for
exchanzeable sodium percentage alse varied sufficiently to be
significant.

The increase in exchangeable sodium with depth is to be ex-
pected. Sodium salts are highly scluble and the sodium ion also
is easily renlaced on the soil exchange complexj hence, it leached
from the surface soils and accumulated at lower depths.

The amount of exchangeable sodium was variable from area to area
within cach type and this variation was highly significant for zll
types except sacebrush (Table 9 and Appendix Tables 11 to 15).

The amount of sodium in the soil differed significantly even between
depths of each type (Table 9).

The exchan;geable scdium percentaze of the so0ils alsc varied
from area to area within 2ach type. This variability was highly
siznificant for all types except szgebrush ani zreasewood (Table 9
and Appendix Tables 11 to 15). A highly significant variability
in exchanzeable sodium percentage tetwsen depths was shown for all
types except zreasewcod (Table 9).

| These data indicate that sagebrush and winterfat are not generally

Jfound on soils with a hizh exchanzeable sodium content or a hi:h
;exchangeﬁble sodium percentage. Greasewcod and Muttall's szltbush
dere found on the soils with highest sodiuwm values.

| The A and B samples within areas of each type are compared in
Appendix Tables 6 to 10. These data indicate that the A and B

samples of each type are homogeneous and thét they renresent random
distribution of variance ol the entire population hein. sampled.

There was a wide variability between types in amount of

exchangeable sodium. Considerable variation alsc was shown to exist
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between areas within types. The ranges for exchangeable sodium for
each type are shown in Figure 18. A considerable degree of overlap
of these ranges is readily apparent. Pigure 1Y illustrates that all
five species may occur in pure stands on scils containing 1.1 to L.6
;ﬁrmilliequivalents of exchanceable sodium per 100 grams of socil.
Creasewcocd is shown to have a range of values that includes the
entire range of the other four types. This suggests that whils
greasewood does not require hizh cencentrations of sodium it is
physiclogically adapted to tolefate high amounts.

=

The maximum amount of exchangeable sodium a type can tolerate ™\
appears to affect its distribution on the salt-deserts. Plants of

a certain species or ecotype are genetically preadapted to tolerate
certain maximums in their environment. When these maximums are
reached this plant is excluded and other species or ecotypes adapted
to tolerate the enviremment occupy the area. Within the range of

exchanzeable seodium where the five types are all adapted some other /

factor or factors play the critical role in the determination of //

=4
~

which species will occupy the area.

Base exchange capacity: The base exchan;e capacity of a scil,

or more precisely the cation exchange capacity, refers fo the
milliequivalents of cations per 100 grams of soil which can be held
to the soil particles by surface forces, and can be replaced by other
cations (L47). The base exchan:e capacity has a very pronounced
effect on the physical and chemical properties of a scil (1).
Various clay minerals and organic matter are the surface=-active
soil constituents that furnish the basis of the exchangs complex.

The base exchanze capacity of the soils under the five

vegetation types studied was similar (Table 7). Analysis of
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variance (Table 8) indicates that significant differences in base
exchange capacity do not exist between types.

) ‘A significant variation in base exchange capacity is shown to
exist between soil depths (Table £). The test of least sipnificant
range shows all depth means for base exchance capacity to vary
significantly. The 6 to 18 inch depth was highest except under
winterfat and exchanze capacity decreased at greater depths for all
typez except winterfat (Table 7). The siznificant difference in
base exchange capacity between depths iz undoubtedly a result of
the soil forming processes. The colloidal clay fraction of the
soil tends to l=zach from the surface layer and to accumulate in the
subseil and base exchan e capacity tends to corrslate with clay
accumilation.

The bése exchan:e capacity of the scils was vairiable from area
to area within types (Appendix Tables 11 to 15). This variability
between areas was significant in all types except greasewood
(Table B8). A significant area x depth interaction was alsc shown
for all types (Table 8).

The variance between samples.k an! B for each type (Appendix
Tables 6 to 10) was not simificant. This was expscted since there
is no simnificant difference in base exchan e capacity between scils

ozcupied by the !ive vegsetation types studied. Base exchange
capacity of soils does not appear to bte a critical lactor in the
distribution pattern of these types.

Exchangeabls potassiumj milliequivalents per 100 grams soil and

exchangeable notassium percentage: Limited amounts of potassium

are required for the nutrition of nl.nts. Hi.h conczntratien in the

scil solution are rare but toxic effects of notassium on plants have



been reported (1).

Little variation in amount of exchangeazble notassium was noted
between vegetation types (Table 7), and the differences were not
significant (Table 8). Also, variability in exchanreable potassium
percentage between types was not of sufficient magnitude to be
significant {Tables 7 and 8).

Hichly significant differences between depth means for both
amcunt of e xchange:ble potassium and exchangeable potassium per-
centage are shown in Table . Potassium was hi_hest in the surface
scil in all types except sagebrush. The potassium content was
considerably ni her in the 6 to 18 depth and comparatively low
in the O to 6 inch depth under s2:ebrush (Table 7).

Variation in amount of potassium between arsas occupied by the
same type wag highlv significant except under greasewcod (Table 7).
Variability between depths is also indicated for all types studied.
A significant area x depth interaction (Table 9) indicates incon-
sistant variability in potassium with depth between areas in all
types except sagzebrush.

The exchanceable potassium percentage also varied considerably
from area to area within types. This variation was significant for
all types (Table 9). Also, variation between depths was significant

for the five types studied.

When sample A was compared with sample B (Appendix Tables 6 to 10)

no significant variability in potassium was found to exisi between
the periphery and the center of areas occupied by any of the types.
Potassium is apparently not a c¢ritical facter in determining

desert plant distribution

T4



Lime, percentage: Soils of arid regions are usually calcareous.

Because of low precipitation rates and subsequent limited leaching,
the lime content of the soil remazins at a relatively high level.
Lime is very important as it serves as a source of soluble calcium
to replace some of the exchan eable sodium. Calcium is important in
maintaining favorable structure in the soil.

The lime content of soils under the five vegetation types was
remarkably uniform (Tables 7 and 8). Howsver, a highly si;nificant
difference in lim= content occurred between depths means. Such
variation is common because lime is leached from the surface soil
and accumulates in the lower depths. A significant type x depth
interaction (Table ©) suggests that lime content between depths is
not conzistant over all types.

Samples A compared with samples B (Appendix Tables 6 to 10)
show the variances for lime percenta.e to be hemogenecus for A
and B samples within each type.

There were highly siznificant variations in lime content of
soils yetween areas within all types except Nuttall's saltbush
(Table 9). A significant difference between depths cccurred under
sazebrush only (Tables 7 and 9).

Variations in lime content between soils ccecupied by the {ive
types appears to be relatively minor and inconsistant. From thecse
data it appears that the lime percentage of the soil plays an
insignificant role in determining plant distribution on the salt-
deserts of Utzh.

Permeability and infiltration rates, inches per hour: The

permeability of a soil refers to the readiness with which it

transmits or conducts water (1). Permeability may be affected by



texture, structure, stability of aggregates, exchangeable sodium,
organic matter content, and many other factors. Because of the
limited amount of precipitation on the salt-deserts, permeability
rate is especially important.

”rInfiltration refers to the rate'of entry of water into the
$oil. The rate of infiltration is directly related to surface
texture, structure, or-anic matter, litter, and exchangeable sodium.
Surface runoff is excessive on soils with low infiltration rates.

k Where runoff is excessive, water is lost which otherwise would
\qnter the scil and be available for nlant growth.

There appearad to be considerable variation in the permeability
of soils under thes various typss studied (Table 7). Howsver,
differences among types or depths were not of sufficient masnitude
to be significant (Table 8).

Data in Table 9 indicates that differences in permeability
rates among areas within some o7 the types was extremely variable.
Significant differences betwesn areas were shown for soil under
winterfat and shadscale. A significant difference in soil permeability
between depths was noted only for winterfat. Under winterfat soils
at lower depths were less permeable than at shallower depths.

When A and B samples were compared (Appendix Tables 6 to 10)
they were found to be homoseneous for all types except sacebrush.

In the sagebrush type, the variation was much greater near the
perimeter of the areas than in the center., Variation within areas
would normally be expected to increase as the adjacent types were
approached.,

Limited data from field infiltrometer studies (Table 10) showed

a great amount of variation in infiltration rate of soil within



Table 10, Infiltration rates for soils under five vegetation types
on the salt desert of Utah

Type TRate
and . iﬂ-/hro 1/
Area -
Sagebrush
8a 2.0
8b 1.9
13a 1.0
13b 1.4
lha 2.4
1lb ) 1% 1
Mean 1.5
Winterfat
ba 1.8
éb 1,2
7a 1.6
To 1.6
Mean I
Shadscale
3a 0.8
3b 0.4
La
Lib 140
Mean 0.9
Saltbush
9a 1.8
%b 1.1
10a 2.0
10b L.l
Mean 2.0
Greasewood
19a 0.y
1%b 0.6
20a Lo?
20b 0.9
Mean 0.8

l/ These data do not strictly indicate infiltration rates as the
amount of lateral flow was considerable. They do indicate the
relative rate of entry of water into tha soils under the five
vegetation types.



each type. Mean infiltration rates for each type were also diver-
gent. Average [low patterns for each type are shown in Figure 19.

{;//ﬁoth the infiltration and permeability rates were low under
-greasewood (Tables 7 and 10)., The permeability and infiltration
rates for the other four typss were inconsistant. Theze data
indicate that greasewood often is found on soils which take in and
conduct water at a slew rate. In the other types these factors are
variable and seemed not to be decisive in determining vezetation
distribution.

"~ One-third stmosphere percentace: The one-third atmosphere

percentage is a laboratory approximation of the percent of water
retained in a soil at [ield capacity. It has a close relationship
to texture and organic matter content of the scil. Salt concen=
trations of the soil solution vary with the amcunt of water held.
The maximum percent water that can be retained by a soil then is
of extreme important to plant growth.

Data presented in Tables 7 and 8 show that the 1/3 atmosphere
percentace was simmificantly different between soils occupiad by
the five vegetation types. A highly significant difference also
was shown to exist between depths.

Soils under sa;ebrust were shown to have the hizhest 1/3
atmosphere percentace and winterfat the lowest (Table 7) with 28.7
and 23,7 percent averages respectively. The 1/3 atmosphere percentage
tended to increase with depth. Sagebrush soils varied from 25.6
percent in the surface six inches to 31.9 percent at the five-foot
" depth, while winterfat varied from 20.6 percent in the surface soil
to 26.2 percent at the lowest depth. The increase in 1/3 atmosphere

percentzze with depth was apparently due to a textural change in
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the soil profile.

A significant variation in 1/3 atmosphere percentagze between
areas within each type was shown (Tabtle 9). An inconsistant varia-
tion between area and depth was indicated by a highly significant
area x depth interaction for ecach type. This variation indicated that
soils of different areas of the same type did not have similar 1/3
atmosphere percentages at the same depths.

A comparison of the A and B samples (Appendix Tables 6 to 10)
shows that they are homogeneous for all types. Thus, A and B samples
each represent random variation within the population bein: sampled.

The mean values for 1/3 atmosphere percentages of all types and
areas are shown in Appendix Tables 11 to 15. The range in 1/3
atmosphere percentage for each type is shown in Figure 20. All
types studied are shown to occur in pure stands on soils with a
1/3 atmosphere percengage between 23;9 and 26,7 (Figure 20 and
Appendix Tables 11 to 15). Sagebrush, shadscale, Nuttall's saltbush,
and greasswood were found on soil with a 1/3 atmosrhere percentaze
exceeding 26.7 while sagebrush, winterfat, shadscale, and greasewood
were found on soils whose 1/3 atmosphere percent was less than 20.9.

\ Sagebrush, shadscale, and greasewood show wide variation. Winterfat
\\qu Nuttall's saltbush have narrower ranges (Figure 20).
Soil texture is closely related to the 1/3 atmosphere percentage.
Other things bein; equal, heavier textured soils have a higher 1/3
atmosphere percentaze than lighter textured soils. Soils under
winterfat, shadscale, Nuttall's saltbush, greasewood, and sagebrush
follow in order for increasing moisture holding capacity. Data

presented indicate that the 1/3 atmoschere percentage or field capacity

of the soil is an important factor in the distribution of these plants.

™
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Fifteen atmospheres percentage: The 15 atmosphere percentage

value is an approximation of the amount of moisture retained in the
soil at the permanent wilting point. The salt concentration of the
soil solution increases as the soil moisture decreases. The 15

atmosphere percentace varies with soil texture. Generally speaking
the lighter textured soils have the lower 15 atmospheres percentage.

Some variability in 15 atmospheres percentage was shown for

lfsbils under the five vepetation types (Table 7). However, this
variation was not of sufficient marnitude to be statistically
significant (Table 8).

A highly significant difference in 15 atmospheres percentage
between areas was shown for all types except greasewood (Table 9).

A significant difference in 15 atmospheres percentage between depths
was shown only under shadscale. Inconsistant variations between
areas and depths were indicated by the highly significant area x
depth interaction shewn in Table 9.

The A and B samples (Appendix Tables 6 to 10) were homogeneous.
Thus, no significant variation in 15 atmospheres percentage existed
within areas occupied by each of the vegetation types.

The lack of variation in 1% atmospheres percentage between
types indicated that the permansnt wilting point of the soil was not
a critical factor in determining the districution pattern of the
five types studied.

g

# Soluble sodium, parts ver million: The adverse affects of

sodium on solls have been discussed previously. Scluble sodium in
the soil is readily available to react on the soil exchange complex.
Sodium. may be present in the soil in varicus salt forms. Sodium

chloride is the most common in the salt-deserts of Utah.
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Scoluble sodium varied greatly between the five vegetation types
studied (Table 7). These variations were of sufficient magnitude to
/béfsignificanb (Table 8).

/ | The soils under sagebrush contained the smallest amount of
/ soluble sodium and soils under Nuttall's saltbush the largest, with
719 and 2,215 p.p.m. averages respectively (Table 7). Winterfat,
shadscale, and greasewood soils averaged 901, 1,423, and 1,936 p.p.n.
respectively.

" Soluble sodium in the soil is subject to leaching. Therefore,
differences in sodium content would be expected with depth. Analysis
( of variance (Tabla_B) shows that such a difference existed betwesen
\\Eg§gph mMeans.

A highly significant difference in scluble sodium exists between
areas within all types except szgzebrush (Table 9). Highly significant
differences betwesen depths are also shown within all types. In-
consistant variations between areas and depths within each type
were shown by the highly simificant depth x area interaction (Table 9).
This interaction indicated that the soluble sodium content at a
given depth varied ameng arsas even within the same types.

The A and B samples within areas of each type are compared in
Appen:lix Tables 6 to 10, Variances for these samples wsre homozeneous
in all types except sacebrush. The large variance of the A samples
of sagebrush indicates that as expected the soluble sodium content
of soils in those areas became more variable as the edzes of the
ar=as were approached, |

The scluble sodium content in each area of each type is shown
in Appsndix Tables 11 to 15, These tables indicate that considerable

variation existed in soluble sodium within areas of =ach type.
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Shadscale, Nuttall's saltbush, and greasewood have wide ranges of
tolerance (Figure 21). Sagebrush and winterfat have narrow ranges
of tolerance, neither being found on soils with a high sodium
content. Within the range’of 362 to 1,526 p.p.m. soluble sodium
each species was able to occur in pure stands (Figure 21). Within
this range other lactors must determine distribution of these
five species.

Soluble calcium, parts per millions High concentrations of

calcium in the soil solution effect various plant species in different
ways (L7). A specific calcium toxicity for some species has been
reported (1). Soluble calecium in the soil is available to réplace
'SSdium on the exchance complex. It is also beneficial in maintaining
soil structure. -

Data presented in Table 7 indicate that relatively little
variability exists in scluble calcium content between soils occupied
by the five species. Analysis of variance (Table §) shows these
differences to be too small to be significant.

An overall increase in scluble calcium with depth is shown
(Table 7). Analysis of variance (Table §) shows this increase to
be highly significant. The test for least significant range also
shows all depth means to be significantly different. The soluble
caleium average of sagebrush soil varied from 74 p.p.m. in the
surface six inches to 517 p.p.m. at the five foot depth. Soils
under Nuttall's saltbush varied from an average of 306 in the surface
six inches to 1,198 p.p.m. at the five foot depth. |

No significant amount of variation was shown to be present from
area to area in any type except Nuttall's saltbush (Table 9), Sig-

nificant differences betwsen soil depths were also shown within each
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type except sagebrush. Inconsistant variability between areas and
depths was indicated by the highly significant area x depth inter=
action in all types.

When A samples were compared with B samples (Appendix Tables 6 to
10) they were found to be homogensous in soluble calcium content .
under all types.

Data presented indicate thgt soluble calcium is a2 relatively
constant factor in the scils of the salt-desert ranjes of Utah and
does not appear to be a limiting factor in the distribution of the
five species studied. Soils of the salt-desert of Utah are mostly
of sedimentary or alluvial origin and are calcareocus in nature.

'Tﬁus, the uniformity in calcium content of the soil between types
is a reflection of the p;rent material.

Soluble magnesium, parts ner million: Magnezium salts may be

more toxic to plants than isosmotic concentrations of other neutral
salts, Relatively high amounts of calcium moy do much to alleviate
the toxic effects of magnesium (1).

Mean values for soluble magnesium in soils under the five types
are shown in Table 7. Magnesium content of the soil varied in-

ignificantly between tyves (Table 8).

W

A significant increase in soluble mangzesium occurred with
increased depth of soil (Table 7 and §).

Variation in soluble marnesium was insignificant from area to
area in 2ll types except Nuttall's saltbush and greasewood (Table 9).
Significant differences between depths within areas occurred only
under greasewood.

A comparison of A and B samples (Appendix Tables & to 10)

showed large variation in ma;mesium between the center and perivhery
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of areas occupied by sagebrush, shadscale, and Nuttall's saltbush.
In these types the soils of the center portion of the areas varied
significantly more than the soils near the periphery of the arecas.
No explanation for this variation is apparent.

The soluble magnesium content of the soils is apparently a
reflection of the parent materials. Data collected zive no indication
that the magnesium content of the soil is critical in determining
the distribution pattern of the five vegetation types studied.

Soluble potassium, parts per milliont Toxic effects of high

concentration of rotassium in the soil solution have been r eported (1).
Evidence also has been presented which indicates that potassium
toxicity can be reduced by increased calecium in the soil (1).

The soluble potassium content of the soils varied relatively
little (Table 7). The analysis of variance presented in Table {
shows no significant difference between soils occupied by the five
types studied. However, a highly significant difference in potassium
content between soil depth means was evident. Hbaﬁ soluble potassium
content varied from 96 pep.m. under winterfat to 170 p.p.m. under
Kuttall's saltbush.

The soluble potassium content of soils varied significantly from
area to area in all types except shadscale (Table 9). A significant
variation in potassium content with depth was found under Nuttall's
saltbush only.

The A and B samples for all types are compared in Appendix
Tables 6 to 10, These comparisons showed that no significant variation
occurred between the center of the areas and the peripheries.

Similar to the other cations, the soluble potassium content of

the soil may well be a reflection of the parent materials, These



data indicate that potassium is not a limitin: factor in the
distribution of the {ive species.

Soluble chloride, parts per million: The uptake of anionz from

the soll solution is not decreased on saline soils (1). Data have
been presented which indicate chloride toxicity to some plants (1 and
21).

The chleride content of the soil varied insisnificzantly between
vegetation types (Tables 7 and B), A hishly siznificant increase in
chlorides with depth was shown for all types (Tables 7 and 8). This
increase with depth indicates that chloride szlts are subject to
leaching.

Variability from arsa to area was hizhly significant within all
types except sucebrush (Table 9)s A significant difference in
chloride content also was shown hetween deptis within each type
studied.

A comparison of A and B samples (Appendix Table 6 to 10) within
areas showed them homogeneous for all types except sa-ebrush. The
B samples ol sagebrush had signifircantly greater variance than the
A samples, No explanation is available as to why the center of the
areas under s ;ebrush had a more variable soluble chloride ceontent
than soils near thz perimeter.

These data indicate that while thz chloride content of desert
soils is varizsble it does not vary significantly between soils
occunied by the Tive specias studied. The scluble chloride conten£
of soils does nct appear to De an important factor in the plant
distribution pattern.

Scluble sul“ate, parts per million: High concentrations of
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sulfates in soils have beenrelated to decreased calcium absorption
in plants (1). Sulfate is present in the salt-desert soils in
various forms.

Values for soluble sulfate content of scils under each of the
five types are shown in Table 7. Some variation between types was
evident but this variation was not significant (Table 8).

A highly significant variation in sulfate between depths was
shovm in Table 8, Depth means vere all significantly different when
tested for least significant range.

Little variation was shown from area to area within types
(Table 9). Only Nuttall!s szltbush was shown to have a significant
variation in sulfate content between areas (Table 9). All depths
however, were shown to vary significantly in sulfate content within
each type.

The sulfate contents of A and B samples within areas of =ach
type are compared in Appendix Table 6 to 10. These tables showed
A 2nd B samples were hcmogeneous except under greasewood. The B
samples in the r=asewood type showed significantly more variavility
than the A samples. This indicated that the interior portions of
areas occupied by greasewood were more varisble than the peripheries.

Sulfate salts are abundant in salt-desert soils. However, the
contént diﬁ not appear to vary sufficiently between vetetation types
to be considered critical in determining plant distribution.

P

Soluble carbonate, parts per million: A high degree of alkalin-

ity is associated with the carbonate ion and some authors consider this
ion to be highly toxic to plants (1). Since the carbonate ion bears

such a close relationship to pH it is difficult te determine whether

\"



plant responses are due to the carbonate or the hydroxyl ion.
pbundant carbonste iens in ths soil are associated with high
exchangeable sedium (L7).

Carbonates were low in all soils studied (Table 7). The
analysis of variance shown in Table 8 indi-ated nc significant
difference in carbonate content under the five types. A highly
siznificant variation in carbonate content with depth indicated that
carbonate content was closely related to soil depth (Table ).

There was little wvariation in carbonate shown from area io
area within any type (Table 9). Significant area x depth interaction
showed that variation between depths within areas was inconsistant in
all types.

The A and B samples within areas of each type were compared in
Appendix Tables 6 to 1J0. Only in sz;ebrush areas were the A and
B samples homozeneocus. In winterfat, shadscale, and grecsewocod the
B samples were shown to be sirnificantly more variable than the A
samrles. This denotes greater variation in carbonate content in the
centers of thz areas than near the perimeters. The reverse was
true of Muttall's saltbush., Variahility was expected to increase
from the center of an area toward the nerimeter.

Since the carbonate content was low and not si;niTicantl;
different between types, the carbonate ion is nct considered a
limiting factor in the distribution of the five species.

Soluble bicarbonates, parts per million: While the oticarbonate

icn is usually present in soil solutions the amount that can remain
in solution varies with pH, COp pressure, and soil temperature (L7).
The bicarbonate ion has specific toxicity for many plaznts and may

affect the intake and metabolism of nplant nutrients (1).

30



g1

The bicarbonate ion varied insignificantly either within or
between types (Tables 7 and £)e A highly significant difference,
however, was shown between soil depths. Also, a highly significant
type x depth interaction (Table G) indicated that the bicarbonate ion
content of soils is not the same at comparable depths for all of the
types studied. Variation in bicarbonate content from area to area
was insignificant in any type (Table 9).

A comparison of A and B samples within areas of each type
(Appendix Tables 6 to 10) showed the two samples homogeneous for all
types except shadscale. Shadscale had significantly higher wvariation
in the A samples than the B samples. Greater variation was expected
near the perimeter of an area than in the center.

These data showed the bicarbonate ion to be relatively low in
soils of the salt-desert. It did not appear tec have a significant
bearing on the distribution cf the five species.

Plant analysis: There was considerable variation in the chemical

content of the five species studied (Table 11). Analysis of variance
(Table 12) showed highly significant differences between species for
each of the components. Only soluble soldium was significantly
different between soils occupled by the five plant species (Tabtle §),
The low variability in ionic content of soil and th= hirh variability
in ionic content of the plant material suggests that the plant types
have differential rates of absorption for the various ions in the

soil. The amount of sulfur, calcium, magnesium, sodium, potassium, and
chloride in the soil did not appear to affect the chemical content of
the shrubs growing upon them, Therefore, the chemical analysis of

plant tissue appears to furnish little information for use in deter-
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Average chemital content of current year's growth of
five shrub speties on the salt-desert ranges of Utah l/

Sulfur Calecium Magnesium Sodium  Potassium Chloride
Species

Percent Percent  Percent Percent Percent  Percent
Sagebrush 0.24 1.16 0.47 0.09 1.49 0.17
Winterfat 0.22 2.55 0.71 0.08 1.18 0,17
Shadscale 0.36 2.51 0.66 6.03 2.90 L.98
Saltbush 0.42 3.11 1.36 2.35 L.68 2.75
Greasewood 0.37 1.35 0.L45 7.02 1.79 1.96

1/ Average of current year's growth collected from 10 areas, for
each species.during the summer of 195L.
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Table 12. Analysis of variance of chemical constituents of
five vegetation types found on the salt-desert ranges

of Utah
‘Sources
of  Degrees Mean Square
vari- of Mag- Potas-

ation freedom

Sulfur Calcium nesium Sodium sium Chloride

Total 49
Species L
Areas 9
Species x

Areas 36

00,0725 T.14B89%% 1,367#% 106, 72%% 20,75%* 50,55

0.,0100 0,355 0.01Y4 3.68 1.88 0.6

0.0050 0,300 0.015 3.12 0.Th 3.77

##Significant to the 0.01 level



mining the distribution pattern of plants. Plant chemistry does not
seem to be an accurate index to soil requirements of the vplant nor to
thz nature of the soil upon which the plant grows.

Alterne studies: Data obtained frem analyses of soil zamples

collected from cach end of trenches excavated across alternes are
praesented in Table 13. These data are extremely variable and somewhat
inconsistent. Alterne data were toc limited teo justify statistical
analyses, but they tend to point out the extreme variability of soil
conditions on the salt-desert,

-’Analysis of the soil samples collected freom ezch end of a trench
across a Nuttall's saltbush-shadscale alterne “ailed to zhow si nifi-
cant differences in soil chamacteristics (Table 13). Since analysis
of variance (Table 8) indicated significantly higher values for
Buttall's saltbush than for shadscale for five soil characteristics,
total soluble salts, saturation extract conductivity, amount of
exchan @able sodium, 1/3 atnosphere mcisture percentaze, and amount
of scluble sodium, similar differences wculd be expected between
the two ends of the alterne trench. However, the reverse actually
, occurred (Table 13).

: Data from a shadscale-sagebrush alterne (Table 13) showed
shadscale to have hicher values for all significant factors, excepting
exchanzeable sodium. However, shadscale had significantly higher
values for total soluble salts, saturation extract conductivity,
exchangeable sodium, 1/3 atmosphere percentage and soluble sodium
'_(Tables 7 and B8).

Analysis of varisnce (Table 8) showec sazebrush soils had higher

values for exchan-e.ble sodium and 1/3 atmosphere percentage than



Table 13, Msan values of chemical anaﬁyses for soil samples collected from opposite ends of a
trench dug across alternes between various vepetation types of the salt-desert ranges

of Utah 1/
Saturated Base
Alterne Alterne pH Total sol- extract Exchangeable  exchange Exchan;eable
No. uble salts conductivity Na me./100g. cap. Na percentage
percentage K x 10 me. /100g.
Muttall's saltbush 11
Shadscale alterne
Saltbush end 8.2 0.98 18,4 6.8 1% 11
Sha.dscale end 8.? 1.17 1?.0 9.0 l?ch 52
Sa_ebrush 16
Shadscale alterne
Shadscale end 8.3 1417 31.0 L9 17.6 28
Sa_ebrush end 8.2 1.08 16,7 5e2 17.8 30
Winterfat 18
Sagebrush alterne .
Winterfat end " 8.5 0.72 12.9 5.8 15.5 37
Sacebrush end 8.6 0.20 S0 3.0 15.4 20
Muttall's saltbush 15
Sa~ebrush alterne
Saltbush end Tal 0.79 19.5 L5 17.8 26
Sagebrush end 7.9 2.48 1.3 5.0 16,2 29
Mattallt's saltbush 33
Sazebrush alterne
Sa-ebrush end B.0 0.38 Cel 30 2241 9
Saltbush end B8.h 1.07 15.9 8.3 23.1 36

1/ These data represent values for all depths of the soil profile.



Table 13. (cont.)

Lime per= 1/3 atmosphere 15 atmospheres Exchangeable Exchangeable Calcium Ma;nesium
centace percentage percentsze ¥ me./100g. K percentage PePeMe PeDeMe
21 25.0 10,0 3.3 18.7 92 27
23 33.7 13.0 3.3 14.0 88 Lo
24 L9.0 13.0 3.2 18.0 850 223
20 2343 7.8 3.0 19.0 602 88
20 22.2 8.1 2.6 17.0 267 6l
22 37.0 10,2 3.7 22.0 103 73
20 35.1 19,1 3.3 10.0 65 51
22 32.8 17.7 L1 1890 927 240
24 373 187 L.0 8.0 1,304 722



Table 13. (cont.)

Sodium Potassium Chloride Sulfate Carbonate Bicarbonate
D.D.M, DsDeTls PeP.Te Dellalls PeDelle PsDeTe
1,895 11 2,260 987 0 53L
2,421 86 3,000 987 o 593
444400 154 3,7L6 5,892 ‘ 0 L85
3,786 184 5,258 3,272 0 11,82Y
1,56l U1 1,291 3,080 il 380
869 95 L62 L3712 69 , 563
1,658 118 2,L68 350 3k 566
155 19l 108 2,370 0 L76
4,790 311 3,236 11,375 0 371

L6
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wintsrfat, The data from a winterfat-sagebrush alterne (Table 13)
however, showed that winterfat soils were hizher than sagebrush soils
in each of the five factors found to be significant between types.

Mean values presented in Table 7 show Nuttall's saltbush to have
significantly higher values than sagebrush for total soluble salts,
saturation extract conductivity, exchangeable sodium, and soluble
sodium. Sagebrush was shown to have significantly higher values than
Muttall's saltbush for 1/3 atmosphere percentare only. Two sagebrush-
saltbush alternes were studied on the salt-deserts. Data from each
are shomn in Table 13, Data from both alternes are variabtle and are
not in complate agreement with data presented in Tables 7 and 8. Data
from Nuttall's saltbush-sagebrush alterne number 15 (Table 13) shows
Mattall's saltbush to exceed sagebrush only for total soluble salts
and saturation extract conductivity. Nuttall's saltbush-sazebrush
alterne number 33 (Table 13) was similar to zlterne number 17 Tor
all siznificant factors except 1/3 atmosphere moisture oercentaze which
in this instance was higher for Nuttall's saltbush.

These data are nct in complete agreement with data presented in
Tables 7 and 3. However, they tencd to show variations as indicated
by those two tables. These data furnish evidence that abrupt changes
in soil characteristics do not cecur concomitantly with changes in
vegetation tyre.

Basal density as affected by scfl cheracteristics: Density of

plant cover is a reflsction of the envirommental characteristics of
an area. Major {actors of the environment are climatic, edaphic,
and biotire Tn this study climate was assumed tc be comparable over

all areas studied. Biotic factors were nct measured althouzh
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observations were made regarding apparent grazing pressure and plant
vigor. In this study the edaphic factors were of primary importance.

Average basal densities for each type studied are shown in
Table 1. These varied from 9.7 percent to 5.8 percent for winterfat
and greasewocd respectively. The purity of each type studied is
shown by the low percentage of other species growing in association
with each of them (Table 1l). Other species contributed only 0.1
percent of the basal density in shadscale, Nuttall's saltbush, and
greasewood types and 0.3 percent in sagebrush and winterfat types.
The paucity of other species sugzests that the five species studied
were well adapted to the areas which they dominated. Other species
either could not tolerate soil conditions present under the oure
types or were unable to become established on areas already occupied
by adapted vegztation types or succession was not yet complste.

Significant differences between vegetation types were found in
the cases of total soluble salts, saturation extract conductivity,
exchan jeable sodium, 1/3 atmosphere percentage, and scluble sodium
(Table 8). Since these soil characteristics were significantly
different between types it was assumed they might alsc have some effect
on basal density of the individual types. Consequently, regression
coefficients were calculated for the soil factors which appzared to
be most important in influencinz distribution of the plants under
stqdy. These regression coefficients (Table 15) indicate relatively
little correlation between any of these soil characteristics and

basal density. In only three cases was basal density found to be

significantly correlated to specific deil factors.



Table 1. Basal density and transect analysis of five vegetation
types studied on the salt-desaert of Utah 1/

Type Basal Density Litter Erosion Bare

dominant Total “Type Other Pavement Ground

density dominant species

Percent Percent  Percent Percent Percent Percent
Sagebrush 7.7 Tols 0.3 31l.5 11.4 49.3
Winterfat 10.0 9eT 0.3 12.4 2.8 Thel
Shadscale 8.7 8.6 0.1 261 8.6 561
Saltbush 9.5 9.1 0.1 949 0.3 £0.3
Greasawood 5.9 5.8 0.1 20,2 Sl 67.6

1/ Values for each type are avera es of four cne-hundred fcot

- transect lines from czach of ten areas within each type.
Thus each value is an average of l0 one-hundred foot line
transects,

100
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The 1/3 atmosphere percentare of the scil had a significant effect
on the basal density of MNuttall's saltbush (Tabls 15). Within the
1/3 atmosphere percentaze ranze of 20.9 to 33.3 percent an increase
of 0.53% percent in basal density accompanied each increase of one
percent in 1/3 atmosphere percentage,

CGreasewood basal density was shown to be significantly affected
by both saturation extract conductivity and exchansezble sodium
(Table 15). The regression coefficient for saturation extract con-
ductivity (Table 15) indicates that between the ran-es of 0.6 and
30.8 millimhos conductivity there is an increase of 0.079 percent in
basal density with each millimho increase in s:zturation extract
conductivity. A regression coefficient of 0,309 for basal density
ag affected by exchangeable sodium shows an increase of 0.309 percent
in basal density of greasewood with each milliequivalen£ increase in
sodium, within the ranges of 0.6 to 7.5 milliequivalent of sodium
per 100 grams of soil (Table 15).

Relative position of vegetation types as related to soil

characteristics: There was a significant difference between types

for five soil characteristicsj total soluble salt, saturation extract
conductivity, exchangeable sodium, soluble sodium, and 1/3 atmosphere
percentage (Table 8), The test for least sisnificant range indicated
that all type means for each of these factors were significantly
different. The five types studied were ranked according to the
relative amount of each of these factors contained in the soils which
they occupied (Table 16).

Muttall's saltbush grew on the most saline-alkali soils
(Tables 7 and 16). It appears that Nuttall's saltbush was well
gdapted to soils of high salt and sodium content, however, the '

sped



Table 15. Regression coefficients measuring the relationship of
three soil characteristices toc basal density of five
vegetation types

Saturation Exchangeable 1/3 atmospheres

Type Extract Na me./100g. percentage

Conductivity

X = millimhos/c.ce X =me./100 grams soil X = % moisture

Y = % basal density Y = % basal density Y = basal density
Sagebmsh -0.03]4 -Oc 068 "“lol?
Winterfat =0.316 -0,135 =1,550
Shadscale 0,266 0.54L7 04123
NMuttall's 0.072 C.721 0.536%
Saltbush
Greasewood 0,079 0,309% 0.070

% Indicates probability at the 0.05 level.
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Table 14, Relative position of fiva vegetation types when ranked
according to mean values for characteristics of soils
occupied by each 1/

Total Saturation

Rank soluble extract Exchangeable Soluble 1/3 atmosphere
salts, conductivity, sodium, sodium, percentage
percentags K x 103 me./100g. PeDoTe

1l Muttall's HNuttallt's Greasewood Nuttall's  Sagebrush
saltbush saltbush saltbush

2 Greasewcod Greasewcod INuttall's Greasewood Greasewood

saltbush
3 Shadscale Shadscale Shadscale Shadscale HNuttall's
saltbush
L Winterfat Winterfat Sagebrush Winterfat Shadscale
g Sagebrush  Sagebrush Winterfat Sagebrush Winterfat

1/ Number 1 is highest, 5 lowest.



species was not limited in all cases to soils extremely high in these
factors (Appendix Tables 11 to 15 and FPigures 16, 17, 18, and 21).

Greasewcod scils were lower than Nuttall's saltbush soils for
all significant factors except exchangeable sodium and 1/3 atmosphere
percentage (Table 16). Greasewood generally was found on soils only
slightly less saline and alkali than thosze occupied by the saltbush
(Tables 7 and 16). OGreasewood soils were also lower in 1/3 atmosphere
percentage than were sagsbrush soils. While sreasewood was shown to
occupy seoils of realtively high salt and sodium content (Tables 7 and
16) it also was found on soils low for these factors (Appendix Tables
11 to 15 and Figures 16, 17, 1§, and 21). These data sucgest that
greasewood does not require hish content of salts and sodium in the
soil but that it can tolerate hich amounts,

Soils under shadscale contained intermediate amounts of the
chemical constituents found to be significant by analysis of variance
(Tables 7, ©, and 16). Tt appeared to be most tolerant of soils with
relatively low field moisture capacity. Only winterfat soils had
lower values for 1/3 atmosphere percentage (Table 7 and 16). Shad-
scale however, was not restricted to soils with an intermediate range
but was found on soils widely divergent in these resrects (Figures
16, 17, 18, 20, and 21 and Appendix Tables 11 to 15).

Winterfat and sagebrush were found on scils relatively low in
salinity and alkali (Table 16). Sagsbrush was lowest in total soluble
galts, saturation extract conductivity, and soluble sodium (Tables
7 and 16). TWinterfat soils averaped lowest in exchangeable sodium
and 1/3 atmosphere percentage (Table 15). This species howsver,
sometimes was found in some cases on soil with hizh values for these

factors (Appendix Tables 11 to 15 and Figures 19 and 20) indicating

104
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a wide range of adaptation.

Soils under sagebrush had the lowest mean values for total
soluble salt, saturation extract conductivity, and soluble sodium.
In addition these soils had the hichest 1/3 atmosphere percentage
of the fivelspecies studied (Table 15). This species was not re=
stricted in all areas to soils of low soluble salt and sodium
content in all areas sampled. In some areas both total sslt and
sodium content under sagebrush exceeded mean values of those under

all the other species (Appendix Tables 11 to 15 and Figures 16 and 17).
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CONCLUSTON

The distribution pattern of vegetation on the surface cf the
sarth does not resalt from chance alone., The plant cover of a given
area is not a matter of complete randomness with the area being occu-
pied by the first snhecies whose fropagules are introduced. The ecoloy-
ical explanation of plant listribution is based nrimarily upon environ-
mental factors. Such lactors mav be classified as climatic, edaphic,
and biotic. The physiographic position of an area and also fire often
nlay important roles in plant distribution. This study was based on
the edaphic factor which was presumed to be the cause of plant zonation
on the salt-desert of Ntah. Pure types of vegetation are common on
the desert and correspond to the consociations of Weaver and Clements
fh‘i which together form the basin sagebriush asscciaticn.

Spil analrses showed some sionificant edaphic differences between
soils occupied by the various species. T“owever, from the data collected
“rom the various areas within each type it did not appear that any one
snecies was restricted in distribution by a narrow tolerance range for
any snecifiec seil factor. 7Tdaphic maximums wers ncot found which
abruptly restricted one species while still in the minimum ranges of
tolarance for another species. A ccnsiderable overlap in the ranges
of each seil factor measured was found fer all species stulied. Within
cert:in ran_es for each edaphic factor, all five types appzared to be
well adapted., Within this range it would be lozical to Tind mixtures
o the varicus species. “uch was nct the case, Tn these instances
some other “actor or factors which were not measured by this study

must nave limited plant growth to the single species occcupying the area.
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Sagebrush was growing on soils with the lowest average valies
for total soluble salts, saturation extract conductivity, and soluble
sodium and had a ccmparatéfely low rangze for these factors. GSagebrush
also occurred on the gﬂgz;ést textured scils of any species studied.
Nata pertaining to scil texture and salt and sodium content of soils
under sagebrush are in disagreement with those of Weaver and Clements
(L2), Clements (15), Shantz (43), Shantz and Piemeisel (LL), “earney
et. al. (33), and Stewart et. al. (L5).

The walue of sazebrush as an indicator of soil conditions in the

northern desert shrub area unguestionably is limited. The wide varia-

. ~ L] . .
bility of soil under sagebrush makes any attempt to use it as an index

P ol

in exact classification of land gquite meaninzless. The true character-

istics ¢of a sagebrash soil can be determined only by zhemical analyses.
3 Y oy W

Finterfat was zrowing on socils relativelv low in amounts of salt

- 5
and sodium. Also, winterfat soils averaged 1i htest in texture with

lowest field moisture capacity. This species was nct, however,
restricted to such soils but zrew under widely variable edaphic con-—-
ditions. Other authors, “eaver and /lements (47), Tlements (10),

?haﬁtz (43), and Shantz and Piemeisel (L) have presented data which

show that this species is confined to less saline and alkali scils

than was found in this study. The extreme variability of the edaphic
conditicns under winterfat severely limits its usefulness as an indicator
of soil characteristics.

o

"Shadscale was found to occupy soils of intermediate salt and
sodium eontent as compared to the other speczies studied, bat it had a
wide range. Shadscale soils were non-saline in the surface six inches

but szline-allali at greater depths. Shadscale soils were alsc of low

water holding capacity suz:estin:; that shadscale is well adapted to
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. were of relativelw heavy texture, as reflected by

|
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relatively licht textured soila. ”mwevér, the edaphic conditions under
shadscale also were highlv wvariable. The inconsistent variavility of
the soils unider shadscale severly limits its usefulness as an indicator
ol seil characteristics. Tata on the indicater siznificsnce of shad-

srzle by Shantz and Plemeissl L)), “hantz 7L3), “sarnev et. al. 733),

Weaver and Clements’ (47), and "lerments (16) do not a-res with data

L]

\ presented in this study.

irn twz ghrface six

Zoils under ¥Yuttall's saltbush were saline

These grils

w

inches and sali%e-alkali rom six inches te five lest.
hi-h 1/3 atmesphere

mofsturs percentace. MYuttall's saltbush tends to rewn on saline or

saling-dlkall soilss Towever, iis telerance resulted im ' ide ranzes

in adaptibility. Therefore, the use »f Mattall's saltbush as an

indicator vla=t s limited.

4

\ritk these presented by Tindschadler (11),

Spils under sreasewood ménerally were siline throvpghout the proflils

ant saline=-alkali below the s=urface gix inches. Thery were o relaiively

tieavw texture as indicated by hi-h 1/3 atmosphere percentare. Siantz

and Piemeisel TLL) stated that -reasewced was net an infallinle indi-

cator of" galis Mata szcured by this study substantiate their woerk.

w

"reasewood cecupies soils with wide and varied amounts o salinity

and aliali. Teeanse of this varislion in edarhiz lactors under resse=

A soil con-

|4+

wepd, Jts presence on & ¥ te dees nct Ioicste that cert
*itions are or are nael presant.

sreasewocd and subscil meisture (50); however,

not measurad in tkis gtudre Mats Yreseat

indicater s';nildednce of greasewood are nct in complete a-reerment

Shantz (43), Meaver and

\\

~lements (Lh?) a=d Clements (14).
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Tt appears that sagebrusﬁ and winterfat mey be restricted in their
Fistribution by relatively hich amounts of sali angd sodimm in the soil
and this may explain why these species are ret founé srowinc in associ-
ation with shadescale, luttal's saltbush, and greasewcod in areas of
high saline and allkali conditions. However, this does not explain
whv sazebrush and winterfat are found zrowing in pure stands in areas
of low saline and altali conditions where all five species appear to
be adapted.

The lack of azreement between data cathered in this study and thcese
\\ﬁrgsented by other authors mav rez:lt from severzl causes. Tata in this

study were ccllected frem much wider secgraphic locations than were

those of the other aufhrrs. This could account for some of the wide
variavility which occurred between areas coccupied by the same species.
The use of statisties has provided better means of analyzing masses of
data than was ncssible when scme of the earlier data were collected.
Alse new and improved laboratory analytical methods have made possible
mere trecise meagurenents of soil characteristics than were formerly
possiblé.‘ %ome explanations of the indicator simificance of plants
in the past scem to have been based on visnal observations and thecry
ratter than on caref™lly controlled scientific experiments.

There are several possible explanations for nure stands where
mixed stands mi~ht Se expected. [lowevar, this studyr was not :Jesizned
to test these rossibilities. A cousiderable amount o work has been
done on inhibitin: substances produced by certain swecies wiich prevent
carmination and estaclishment of other species (12, 13, 26). Tnhibiting
substances could well be ™mnctional in the maintenance of ure stands
of the varieus tyces on the sali=desert of IJtah. 7f such inhibitors

exist, they ~ight enable an early-invading species to dominate and hold
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a local area a ainst cther species perhaps better zlupted to existing
abitat conditiconss Additional research will be necegsary to frnish
Hformation as to tha valldity eof tiis pessibility.
Ao

The dent n” the water table also ma» be an inpartant factor in

nla-t Jdistribetien on ths zalt—=lessrt. The effests of water table on

rlant distribution were lept in mind Advrine this study but the water table

was nct measured. JI the watsr table i3 o” significant import-ance in

the distribational pattern, the ouestion z= to how the youn,, plants becanme
» » : W 2

estatlished ans survived until their rcots made ceontact with this water
table is still una=swered. Addilignal research alonz these lines micht
prove ‘nterestin- and enlightnin-,
The role e’ ecetypin var’ation w'thin a speciss has not Leen inves=

irated for salt-desert s''rubs. <Siach variation seems especizlly loical
as a cause for the wide variability within seils o~cunied by the szme
vegetation tyves An indlviduzl plant is cenetically preadarted te
tolerats certain maximum or oinimum limits in dits eavironment. Then
tnese Limits are excseded the plant no lon er survives or new plants
c? similar cenetic acdaptation fail to become establizhed. Tovever,
s'nee the entire species is made up ¢ a variable, Iinterbreeding
~opulation; new irdivideuals can e formed which are preatiopted to
tolerance limits different from those of their parents. Such new
individuals mav serve as the basis lor the estahlishment of scoiypes
within the species with yuite different physlecle~ical ranges of toler-
ance than the aorigzinal species. Thus, taroungh interbreedin; and natural
selection over a »eriod of time, various ecotypes with different toler-

arice rar-es for various edarhic lacters mar have develeped within the

anecies,
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Ecotypic variation within the species was not measured in this
study. F®vidence points toward the existance of such variation. A
transplant study could be emnloyed to isolate ecotypic variation if
it does exist in the species studied. Seedlings of each species could
be collected from various locations and transplanted into soils occupied
by the same spacies in other leocations. This would give evidence as to
whether each ecotype was adapted to tolerate all soil on which the
species was growing. This conld be supplemented with a greenhouse
study on germination to determine whether seed of each ecctype would
germinate and plants become 2stablished on soils from other locations
occupied by the species,

If ecotypic variation is a lesical explanation for thé wﬁde
adaptation within each species, then the worth ¢!" the species a& an
indicator is ccnsiderably reduced. A species as such, would then zive
onlv _eneral and unrsliable information about the edaphic conditions in
which it was graﬁing. Actnally this study may have dealt not with five

different species but with an unknown number of ecotypes which were not

L
v

identifiable morphologically.
The possibility that tﬁe végetation, now present, on {hé salt-
desert is a developmental stage in the successicn toward a zlimax, or
that it is a zrazin: disclimax should not be overlooked. T either of
these were the case, the various types would have little meaning as
soil indicators. . Permanent transects cculd be established acress
existin:; alternes to determine whether the alternes are [ixed Sr
whether there is a movement toward one type or the other., 7f the
alternes appesrec static, then evidence would favor the idea of the
present vegetation being climax. If such were the case, the .indicator

s .

significance of the various types would be more meaningful,
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Data presented and analyzed in this study show many significant
scil varialions between plant types. However, the variation within
types is of such magnitude as to severely limit the uselulnsss of
present indicater concepts. 3Based on knowledge as revealed in this
study *t weuls seem that the rresent vegetation of the salt-deserts of
Utah is net an adegquate index for determining socil characteristics or

for predicting petential capabilities of the land.
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SUMARY

Mring the sﬁmners of 1953 and 1754 studies were ccnducted on the
salt-desert rances of Utah to obtzin information contributing tc a
better understanding of why some of the desert plants grow where thej
do, and what role soils play in plant distribution. Shrub types
studied were sagebrush, winterfat, shadscale, Muttall's saltbush, and
greasewocd. These types tend to zone cut into pure stands separated
from other pure stands by alternes or narrow transition zones.

The edaphic factor was considered of primary importance iz the
distribution of these shrub types. To determine whether changes in
soil characteristics occurred concomitantly with changes in vepetation
type, intensive scil stndies were made in ten areas on the salt-—deserts
for each of the five species. To ascertain whether significant
varjation in the soil existed within aresas cccupied by pure stands,
soll samples were taken from near the periphery of each area as well
as in the center.

Muring the summer of 1953, trenches 7.5 feet deep were dug in each
of the types to allow a critical study of the seoil profile. Soil
samples for chemical analysis were collected from each layer of the
profile. To ascertain whether abrupt changes in scil characteristics
occurred concomitantly with chanzes in wvegetation type, trenches also
were dug across alternes.

Soil samoles were collected during the summer of 1954 from four
‘predetermined denths, O to 6, 6 to 1€, 18 to 36, and 36 to 40 inches,
by using a soil auger. All samiles collected were subjected to

extensive chemical and physical analysis.
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A significant difference between plant tynes was found for only
Pive of the edarhic factors studied. Soils under the five plant types
differed significantly in total snluble salt, saturation extract con-
ductivity, exchangeable sodium, 1/3 atmosthere percentagze, and soluble
scdium.

Muttall's saltbush, greasewood, and shadscale were found on soils

" with the hizhest salt content with averages of 0.:9, 0..3, and 0,53

vercent respectively. 1In addition these swecies had the hizhest range
in this respect. Sagebrush and winterfat were found on scils with
the lowest average salt content with 0.32 and .36 percent respectively
and also with the lcwest ranre in this respect. A4s expected, Lhe
saturation extract conductivity of the soils varied in a similar
manner as the total soluble salts. Scoils under greasewcod had the
hi~hest mean value for exchangeable sodium with L.l milliequivalents
ver 100 rrams spil. [uttall's saltbush, shadscale, sagebrush, and
winterfat fellewed in decreas’'n: amounts with 4.3, 3.7, 246, and 2.5
milliequivalents ner 100 <rams soil respectivelv., The field moisture
capacity is a rellection of soil texture. Sagebrush was ;rcwing on
soils with a mean 1/3 atmos here percentage of 2..7. One=~third
atmoschere nercentazes for the other ‘ypes were 27,3, 27.0, 2L.4, and
23.7 for greasewcod, lutiall's saltbush, shadscale, and winterfat
resrectively, The five types varied simificantly from each otaer
in amount of scluble sodium from 719 parts per million for sagebrush
to 2,215 parts per millien [or ‘mttall's saltbush,

All five species ha’l a relatively wide range for each ol the

=

signilicant scil factors. Althou-h the means {reguently differed
' W : & 5
'2 significantly, there was a common range feor all species for all soil

\
\{gctcrs studied.
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Because the density of vegetation occupyin: an area was thought
to be a measure of the adaptation of that species to the edaphic factors,
density studies were made in each study area. Yowever, staiistical
analysis showed little correlation between the variocus soil factors
and the basal density of the plants occupying the area.

Plant samples eof current years gsrowth in each areca were subjected
to extensive chemical analysis to obtain information as to whether
piant chemistry is an index to the nature of the soil on which the
plant grows. It was found, however, that plant chemistry was an unre-
liable index to characteristics of the soil.

Soils under each of the five species studied on the salt-desert
were found to be extremely variable. All species had relatively wide
ranges of tolerance for the various edaphic factors. The wide toler-
ance ranze of each of these species suggests the presence of ecotypic
variation. The five species studied were found to be unreliable as
indicators of specific soil characteristics but in some cases might

be used for imposing limits for certain soil factors.
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Appendix Table 1,

Description of ten areas

of Utah

of pure sagebrush studied on the salt-desert rances

Area Location

Basal
Ad jacent density

General description of site

No. vegetation percent
2 Curlew Valley shadscale 5.9 S0il formed from alluvial outwash from Raft River
Mountains, a 2-3 ¥ slope, sagebrush 1-2 feet tall.
1L Curlew Valley Nuttall's L.6 Alluvial outwash from Wildcat Mountains and volcanic
saltbush, ash sediments, flat, level area, sagebrush -6 feet tall.
shadscale
31 Rush Valley shadscale 6.2 Soil formed on lake laid sediments, flat area on a
low bench, stand vigorous 2-3 fert tall.
o Curlew Valley winterfat, 13.0 Soil formed on lake sediments, vigorous stand 2-l
shadscale feet tall on flat level area.
50 Escalante shadscale 6.5 Small area of sagebrush, plants vigorous to 4 feet
Valley tall on soil formed from lake sediment overlaying
rock at 3 feet depth.
57 Rush Valley Nuttall's 5.8 A rather patchy but pure and vigorous stand, rocky
saltbush soil developed on lake laid sediments.
62 Rush Valley Nuttall's 9.8 A vigorous stand to L feet tall, flat, level area,
saltbush soil developed from lake sediments.
68 Curlew Valley MNuttall's 6.5 A vigorous stand with plants to 6 feet tall forming a

saltbush

small island surrounded by Nuttall's saltbush, soil
developed on lake laid sediments.

g2t



Appendix Table 1. (cont,)

Area Location Ad jacent Basal General description of site
No. vagetation density
percent
69 Curléew Valley Sagebrush- 8.5 A thin but vigorous stand of sagebrush to L feet tall,
greasewood on soil formed from lake sediments.
mixture,
shadscale
72 Curlew Valley shadscale, 7.0 Large area of vigorous plants to 4 feet tall, loose
Nuttall's soil developed from lake laid sediments.
saltbush



Appendix Table 2.

Description of ten areas of pure winterfat studied on the salt-desert ranges

of Utah
Area Location Ad jacent Basal General description of site
No. vegetation density
percent
7 Curlew Valley shadscale, 9.8 Large, heavily grazed area of winterfat on broad,
sagebrush flat valley bottom.
22 Southern shadscale, 10,0 Large areas on winterfat infested with hummocks of
Idaho sagebrush, Opuntia sp.
greasewood
35 Curlew Valley shadscale, 12.2 Broad valley bottom.
sagebrush
L1 Escalante winterfat- 11.0 Broad valley bottom, the strip of winterfat extended
Valley yellowbrush, 1/ north and south paralleling the valley.
sagebrush =
L2 Escalante winterfat- 10.7 Broad, flat valley bottom.
Valley yellowbrush,
shadscale
L0 Escalante winterfat- 11.0 Extremely vigorous stand. This area was within an
Valley yellowbrush, enclosure located in a large area of winterfat,
shadscale,
sagebrush

1/ Crysothamus stencphyllus




Appendix Table 2. (cont.)

Area Locaticn Ad jacent Basal General description of site
No. vegetation density
percent
L Escalante yellowbrush, 10.2 Vigorous stand on broad, flat valley
Valley greasewood- bottom.
winterfat
L5 Escalante greasewood= 9.2 A vigorous stand on a 1 to 2 § slope on
Valley winterfat, side of the valley.
yellowbrush-
winterfat
55 Rush Valley shadscale, 3.2 Typical stand on a 2 ¥ slope with a western
sagebrush, exposure, bedrock underlay the area at a depth
Nuttallts ofr - feet
saltbush
73 Curlew Valley sagebrush, 9.5 Heavily grazed stand on slight slope with a
shadscale northern exposure.

N
O



gppendix Table 3.

Description of ten areas of pure shadscale studied on the salt-desert ranges

of Utah
Area Location Adjacent Basal General description of site
No. vegetation density
percent
L.  Curlew Valley winterfat, 6.5 Vigorous stand to 2 feet high on broad valley bottom.
sagebrush,
Nuttall's
saltbush
28 Rush Valley sagebrush 5.8 Located on a low, flat bench, the stand is relatively
vigorous with plants to 18 inches high.
36 Curlew Valley sagebrush, 20,5 Typical pure stand on flat valley bottom.
winterfat
L3 Escalante greasewood- 9.5 A low flat valley bottom area covered by a
Valley shadscale, vigorous stand of shadscale.
winterfat
L7 Escalante winterfat, 942 Area level, flat valley bottom with typical pure
Valley greasewood stand, plants vigorous to 18 inches tall.
L8 Escalante greasewood- 6.0 Vigorous growth of shadscale on flat valley bottom.
Valley shadccale,
greasewood
51 Escalante sagebrush 9.2 Typical pure stand on flat, low area, soil surface

Valley

covered with erosion pavement.

(]
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Appendix Table 3. (cont,)

Area Location

Ad jacent Basal

General description of site

No. vegetation density
percent
58 Rush Valley Nuttall's 6.5 Extensive, low, flat area covered with shadscale,
saltbush, plants vigorous to 1 foot tall, slight infestation
winterfat of Halogeton in the area.
63 Escalante greasewood=- 7.0 Vigorous stand to 18 inches tall on low, flat
Valley shadscale, valley bottom.
winterfat
66 Escalante greasewood- 5.0 Low, flat area with vigorous stand to 18 inches tall.
Valley shadscale
greasewood



Appendix Table L. Description of ten areas of pure Muttall's saltbush studied on the salt-desert

ran-es of Utah

Area Location Ad jacent Basal
No. vepetation density
percent

General description of site

10 Curlew Valley shadscale, 12.2
winterfat,
sagebrush

Ein Rush Valley greasewood, 7.L
s~ gebrush,
shadscale

38 Curlew Valley sagebrush 18.0

39 Curlew Valley shadscale, 11,8
" sagebrush

56 Rush Valley winterfat, 8.2
sagebrush,
greasewood

59 Rush Valley sagebrush, 6.8
shadscale

Typical pure stand on low flat valley botiom.

Vigorous pure stand occupying low flat valley bottom.

Island of saltbush surrounded by sagebrush, occupying
flat level area.

Vigorous stand on low flat area.

Pure stand on slight slope, the soil was rocky at a
depth of 3 feet.

Tyrical vigorous stand on large flat area, the soil
was rocky at 3 to L feet,

6¢1



Appendix Table L.

(cont.)

Area Location Ad jacent Basal General descripticn of site
No. vesetation density
percent
61 Rush Valley shadscale, 9.0 Island of saltbush on low flat area.
. sazebrush,
shadscale~
sagebrush
64  Escalente winterfat, L5 Extensive area occupying a flat, low position.
Valley sagebrush
65 Escalante greasewood 4eS Island of pure, vigorously growing saltbush on
Valley low, flat area.
67 Curlew Valley shadscale, 11.5 Large flat level area containing a vigorous pure
sagebrush stand of saltbush.

LT



Appendix Table 5. Description of ten areas of pure greasewood studied on the salt-desert ranges

of Utah
Area Location Adjacent Basal General description of site
No. vegetation density

percent

20 Curlew Valley shadscale, 7.1
sagebrush

25  Rush Valley shadscale, 6.8

sagebrush
L6 Escalante winterfat- 4.0
Valley yellowbrush,
winterfat,
shad=cale
L9 Escalante greasewood- 4.0
Valley shadscale,
shadccale
52 Escalante shadscale- 7.5
Valley greasewood,
shadscale,
winterfat
53 Escalante greasewood- 6.0
Valley shadscale,
greasewood=-
sagebrush

Large area of vigorous greasewood with plants to 5
feet tall on low flat area.

Typical vigorous stand on soil which became very rocky
at 3 feet.

Vigorous plants to L feet tall on low, flat valley
bettom.

Low valley bottom cut by a gulley, vigorous plants

"to L feet tall,

Extensive area with scil surface covered with erosion
pavement, plant vigorous and to a height of 4 feet.

Low, flat area with typical stand of greasewood.

1T



Appendix Table 5. (cont.)

Area Location

Adjacent Basal

General description of site

No. vegetation density
percent
5L Escalante shadscale, L.S On broad flat bench, vigorous stand of greasewood to
Valley sagebrush I} feet tall.

60 Rush Valley winterfat, 5.0 Large area of extremely viczorous plants to 6 feet
sagebrsh tall. Soil was very rocky at 3 to L feet depth.

70 Curlew Valley  sagebrush, 5.5 Vigorous but thin stand on low, flat valley bottom.
shadscale

71 Curlew Valley  saltbush, T:0 Extensive but thin stand on low, flat valley bottom.
greasewood=
shadscale

—
L]
I
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Appendix Table 6.

depths within each of ten sagebrush areas on the salt-deserts of Utah

Analysis of variance of soil characteristics of soil for A and B samples {rom four

Saturation Base
Source DeFe pH Total sol- extract Exchangeable excnunge cap. Exchangeables
uble salts conductiyity Na me./120g. me./100g. Na percentage
percentage Kix 1
¥ean Squares
"A" Sample
Arsa 9 35256, 00 1,923 Lih.16 T7.05% 7524333%% 1,665,13
Depth 3 3,755.00% 10,31 3,615.5l 315,58+0¢ 219.41 17,220,234
Area x depth 27 870.7h 1.01 220,01 2k.71 93.76 750.25
"B" Sample
Area 9 1,260.67% 6.37#%  1,803.0L1 102.51# 420 .9l Lyl o 56us
Depth 3 353.00 8,89 552174 9Lt 439 .87 Ylie 3 18,91k.00#k
Area x depth 27 502,44 1.48 360.95 43.06 53.51 1,190.48

* Indicates
% Tndicates

significance at the 0.05 level.
significance at the 0.01 level.



Appendix Table 6. (cont.)

Lime per- Perreability 1/3 atmosphere 15 atmospheres Exchangzeable Exchangeable Calcium
centage in./hr. percentage percentage K me./100g. K percentage p.p.m.
Mean Squares
2,5u7.09%%  63.20% Ly3934 3k 1,5Lk a1l LS. 77#% 595.56% 5,025,477.78
2,842,00%+  18.03 2,91L.19+% 303.26 35.164% 621.33 10,355,961.00
271.81 2l.6L 651.63 237.07 L.66 241,33 3,806,386.00
2,365.11%% 5,71 5,957 .28 786,964 148,80 1,165,024 3,989,518.33%
2,28l 6% 0.73 917.84 100,53 37.18¢ 963,90%¢  1,845,238.33
159.85 1.:25 1,195.89 97.51 L.01 - 149.47 1,301,415.37

# Indicates significance at the 0.05 level,
## TIndicates significance at the 0.0l level.

Net



Appendix Table 6. (cont.)

Magnesium Sodium Potassium Chloride Sulfate Carbonate Bicarbonate
p.p.m. PeP.m. P«D.M. DePsM, P«p.m. P«P.M. PeP.M.
Mean Squares
485,957.33 16,480,157.80% 135,156.22%% 28,765,121.00%  78,749,200,60 21,492.67* 398,074.89

709,971.67 173,699,880.20%%  9,306.67 95,877,331.00%% 276,235,878.20%* 17,483.00 816,321.67%
394,548.89  5,894,126.5L 29,197.41 11,033,105.07 50,136,073.80  7,622.07 268,513.33
3,420,674 33 3,L446,410,66  215,449,89+% 141,035,020.00%  73,323,231.00% 9,200.69  67k4,366.69%
1,392,035.33 3L,715,468.30%«  7,173.67 166,077,360.30%¢  79,249,900.30#% 2,652.23 73L,736.23
1,087,127.7h  2,352,604.01 38,227.74  L1,438,5L49.40 25,242,997.00 5,430.03 260,30L.03

# Indicates significance at the 0,05 level.
## Indicates significance at the 0,01 level,

SET



Appendix Table 7. Analysis of variance of soil characteristics of soil for A and B samples from four
depths within each of ten winterfat areas on the salt-deserts of Utah

Saturation Base
Source D.F. pH Total sol- extract Exchangeable exchanpge gap. Exchangeable
uble salts, conductiyity Na me./100g. me./10Ug. Na percentage

percentage Ex 2

Mean Squares

WA" Samples

Area 9  B885.11%  2,73sx 1,238.63#: 83.06%% 699 . 0L Ly, 755.13%%
Depth 3 96430 7405 5,938, 71 211, 96%x 31.34 10,976, 23 %%
Area x depth 27 350437 0.58 266,94 19.80 33.40 837.73
"B" Sample

Area 9 1,000.11% 1,568 7511 7¢ 68 o LiBw 553+ LT 3,301.36%
‘Depth 3 2,1hl 6T 10,374 7,180,453 349,60 12.62 1y, 727,57
Area x depth 27 351.15 0.36 184,50 18.68 31.97 709.81

# Indicates significance at the 0,05 level,
## Indicates significance at the 0.0l level.

9f1



Appendix Table 7. (cont.)

Lime per- Permeability 1/3 atmosphere 15 atmospheres Exchangeable Exchangeable Calcium
centage in, /hr. percentage percentace K me./100g. K percentage PepP.m.
Mean Sguares
2,100,111 1.81 77987 105 .68+ 17,51 1,356.56%%# 710,366.56
435.33 5o lyBst 788,824 32.76 1,013 1,144.67%  6,171,748.66%
165.18 0.62 170,16 19.21 6.60 277.01 632,576.26
2,32L.89%¢ 2,77 1,227 1y 120,06 20,693 1,464.69#¢  1,304,785.11
280.67 34694 479.13 14,78 2. 06 896.90%  L,205,6L8,33%
127.33 0.53 2A7.30 13.27 6.38 206,18 973,850.37

# Indicates sipnificance at the 0.05 level.
## Indicates significance at the 0.01 level,

LET



Appendix Table 7. (cont.)

Magnesium Sodium Potassium Chloride Sulfate Carbonate  Bicarbonate
PeDelle PeP.m, pPep.m. PePemms psp.m. PsP.m. PsPeMa

Mean Squares

36,156.22 18,898,795.60%% 103,728.22%* 20,501,711,70%* 31,109,166.90 0.0 220,173.78%
513,472.67#% 50,323,336.60%¢ 13,837.67 62,502,222.30#¢ 137,253,907.30%: 0.0 1,105,522.67#
19,700.LL 3,413,568.33 27,315.26  5,130,457.70 12,249,284.62 0.0 89,410.07

39,574.02 16,667,336.904%%  69,788,36% 19,312,976,30%%  16,656,2149.10 11,55642l# }37,530.11
211,807.57#¢ 42,849,920.,20#  30,071.57 67,521,928.90%  59,101,7Lkh.20%% 3,956.23  6L0,639.00
21,996.L7 3,017 ,217,51 22,651.03  3,681,938.73 12,630,004.25  3,956.25 290,238.63

# Indicates significance at the 0.05 level,
## Indicates significance at the 0.01 level.

—
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Appendix Table 8.

Analysis of variance of soil characteristics of soil for A and B samples from four

depths within each of ten shadscale areas on the salt-deserts of Utah

Saturation
Source D.F. pH Total sol- extract Exchangeable Base Exchang;eable
uble salts conductivity Na me./100g. exchange cap. Na Percentage
percentage K x 103 me. /100g.
Mean Sguares
"A" Sample
Area 9 1,h25.h4) 882+ 2,531, 79 265, 3l 701,68 L,502. 11
Depth 3 2,140.00 23,3l 13,132.06%% 526,41 3% 96,03 13,268,33#%
Area x depth 27 1,652.4l 1.68 507.80 29,01 86,32 567.22
"B" Sample
Area 9 12,L433.50 74259 3,535,623 89.29% L6585 2,657 . 363
Depth 3  7,862.90  17.0lsex 10,006,115 283,564 105.69 10,692, 23
Area x depth 27 6,085.51 0.87 56345l 29.35 53.49 748,55

# Indicates significance at the 0.05 level,
s## Indicates sipnificance at the 0.01 level.

6€T



Appendix Table 8. (cont.)

Lime per- Permeability 1/3 atmosphere 15 atmospheres Exchangeable Exchangeable Calcium

centage ine/hr. percentage percentage K me./100g. K percentage pP.D.M.
622,90 3.17 686.23 268.3L 167, 103 5,940.90%% 39,753,521.,00%*
316.25 2.25 329.02 8l40.21 4.8k 97400 5,147,358.22

2,6774334% 7,93 1,L01.18%% 1,031.93 58, 763+ 2,117.80 l4,513,402.66
470.00 2.28 534.07 307.26 121,213 3,484.23 28,306,242 .66k
267.78 3.2} 184.86 786.10 7.85 1,731.41 2,492,406.37

# Indicates significance at the 0.05 level.
## Indicates significance at the 0.01 level.

Ccnt



Appendix Table 8. (cont.)

Magnesium Sedium Potassium Chloride Sulfate Carbonate Bicarbonate
p'p'm‘ pcpomo p.p.m. p.p.m. p.p.m. p.p.m. p.p.m.

Mean Squares

323,263.09 49,531,985.608¢ 170,801.11  107,515,697.20%# 109,375,050,60 0.0 1,2U46,608.1L*
2,317,013.67#% 107,865,170.60% 288,502.33 227,385,820.20%* }36,08l,118,00% 0.0  3,960,390.00%:
379,023.67 12,847,725.66  129,122.1L 23,404,926.40  70,031,240.00 0.0 1429,030.00

6,012,897 .66 2,539,303.208¢ 281,787.22%% 200,941,038.00## 18,05k ,806,00%+ 23,409.04*  214,182.80
5,498,1140.66 131,062,L67.30%¢  30,509.67% 307,336,278.20 41,5,230,837,00w% 10,045.67 2,669,976.90%
2,2148,030.L38 11,967,605.2 2,590.67 h0,36L,451.20  57,295,507.50 10,0L5.67  165,357.8L

# Indicates significance at the 0.05 level.
s## Indicates significance at the C.0l1 level,

T



Appendix Table 9.

Analysis of variance of soil characteristics of soil for A and B samples from four

depths within each of ten Muttall's saltbush areas on the salt-deserts of Utah

" , Saturation
Source D.F. pH Total s¢ol- Extract Exchangeable Base exchange Exchangeable
uble salts conductiyity Na me./100g. cap. me./100g. Na percentage
percentage Kxl
Vean Squares
"A" Sample
Area 9 11,626.36% 19.11%# 7,12849L  173.1hex 36l LT 2,651,163
Depth 3 L,175.23 28,25 13,197.08%¢  578.00%x 103.24 19,612,674
Area x depth 27 l4,676.50 2.27 601.64 23.89 47.94 532.67
"B" Sample
Area 9 £93.91  9.0L 3,950.05%¢  137.61#x 519 264 3,240,113
Depth 3 42h.23  30.85%x 18,251, L3t 510,57 5,08 17,666,003
Area x depth 27 4h9.62  1.96 8l .12 31.71 141.59 70L.33

# Indicates sisnificance at the 0.05 level.
¢ TIndicates siynificance at the 0.01 level.

Nt



Appendix Table 9. (cont.)

Lime per- Permeability 1/3 atmosphere 15 atmospheres Exchangeable Exchangeable Calcium
centage in. /hr. percentage percentage K me./100g. K percentage pPsp.m.
Wean Squares
739433 3. 673 1,250, Bl 295 . 56 Gl BTk 951.36%¢  11,260,335.50#
272.67 0.0 986,60 122.14 165.08#* i,72L.90%¢  12,533,778.90%:
322.4L 0.95 375.73 71.L8 5.40 13L.92 2,729,002.99
1,190,02%%  L.26 1,090,571 305,95 28,93 775.02%%  20,455,397.80%
861.57 1.50 1,203.62% 251,15% 208, 76 639.22%  23,307,105,00%
511.58 3.68 269.6l 7110 5.33 148.92 4,403,374.62

# Indicates significance at the 0.05 level.
#% Indicates significance at the 0.0l level.

ENT



Appendix Table 9. (cont.)

Magnesium Sodium Potassium Chloride Sulfate Carbonate Bicarbonate
p.p.m- p.p-!ﬂ. p.p.m. p.p.m. p.p-M. p.p.m. p.p.m.

Mean Squares

86U, TL2. 4% 113,775,06).00%% 1,021,521.56%% 169,520,94).00%+ L41,3,672,705.00%* 45,2L4.89 1,033,897.22:
1,0L2,547.57#% 208,950,468.90%%  32L4,143.00%% 333,167,104.90#¢ 261,557,580.60%+ 36,124.67  316,536.67

132,351.29 12,171,095.22 84,088.00  2%,964,890.29  L3,467,079.00 39,295.04 293,013.07
5,680,91L.68#¢  94,529,071.10%%  70L4,630.67¢ 222,195,730.00%% Lk, 773,560.00%: 0.0 634,591.35%x
5,650,971.56%  250,67L,380.208%  232,897.67#¢ 593,012,538,00%# 541,193,182, 00¢ 0.0 1,131,273.57##

1,593,769.36 20,002,356.92 34,572.67 68,399,588.00 65,208,950,00 0.0 182,977.66

# TIndicates sinificance at the 0.05 level.
## Indicates significance at the 0.0l level.



Appendix Table 10, Analysis of variance of soil characteristics of soil for A and B samples from four
depths within each of ten greasewood areas on the salt-deserts of Utah

Saturation Base
Source D.F. pH Total sol- extract Exchanzeable exchange cap. Exchangeable
uble salts conductiyity Na me./100g. me./%OUg. Na percentage

percentage Kx1

Mean Squares

A" Samples

Area 9 25,070.89%% 25,86 5,702,110 378.29#x 257.77 13,652.33%
Depth 3 7,072.23 17,78 5 5015 o LyOset 321,24 91.08 11,47h. 6T
Area x depth 27 5,L20.L0 1.50 523,85 83.17 119.55 1,948.18

"Bt Sample

Area 9 61,179.69 20,654 L,878,07%% 218,295 450,31 T4367.33%
Depth 3 39,030.90 13,324 5,407 4 3l 335,224 113.24 9,729.67%
Area x depth 27 30,511.32 1.39 39L.61 18.48 221,03 908,00

# Indicates siznificance at the 0.05 level.
## Indicates simnificance at the 0.01 level.

Mt



Appendix Table 10. (cont.)

Lime per- Permeability 1/3 atmosphere 15 atmospheres Fxchan:eable Exchangeable Calcium
centage ins/hr percentage percentace K me./100g. K percentage pPep.m.
Mean Sguares
3,480,685 2.07 2,779 Tl 222 ,02s% 22,01#x 602, 89:¢ 6,467,135.11
1,003,00% 1.59 2,018,92: 265,12% 117,683 2,909,33#%x  28,699,083.00%
305.78 1.59 116,26 66,46 6.32 152,67 L,675,213.18
2,565.11% 0,02 2,L55.60#% 129.65 Llys 3740 1,312.33%¢  6,677,670.02
1,0L49.67 0.76 1,487.83 190, 073 124,97 3,069.,67#%  13,542,056.23
437.63 1452 505.09 63.71 8.18 181.89 14,650,421.80

# TIndicates significance at the 0.05 level.
## Indicates =ignificance at the 0.71 level.



Avpendix Table 10. (cont.)

Maznesium Sodium Potassium Chloride Sulfate Carbonate  Bicarbonate
p.p-m. P-D.m, PsP.M. Ds Dol " PePalte PaP-ils PeP-Me

Mean Squares

196,525.11%¢ 129,050,351, 00%* 178,457.91%% 209,133,650,00%% 71,51L,815.10 2.0 2,511,365.55%
358,325.67#% 95,630,218.208% 105,463.57# 129,001,241.50% 412,995,003, 00 0.0 1,066,635.67
43,7911 7,502,225,00  32,325.25  13,995,512,11  LL,791,6L4.70 0.0  603,539.18

347,925.2h#¢  93,317,986,50+% 318,320,C0%# 214,879,572.00%% 261,655,364.00%  L,356.00 2,307,853.77:¢¢
1475,316,23% 105,011,615,30 63,764.90%% 152,602 ,1i34.00s#* 247,229,425.00 4,356,200 1,55Lk,127.33%
112,267.10 9,971,567.37 7,128.561  17,.99,731.2 99,817,945.50  4,393.04  325,385.85

# Indicates significance at the 0.0% level.
#% Indicates significance at the 0.01 level.

NI



Appendix Table 1l.

Mean values of soil constituents of soils collected under sagebrush from ten areas
from the salt-deserts of Utah 1/

Saturation

Area pH Total sol= extract Exchangeable Base exchange  Exchangeable Lime per- Permeability
No. ;gl:egzigz co;d:c;égity Fa me./100g. cap. me./100g. Na percentage centage in. /hr.

g 8.2 0.27 8.8 247 12.4 28 20 2.L9
1 7.9  0.28 6.4 3.3 17.1 20 19 0.6l
31 8.2  1.04 16.9 b1 23.2 17 32 1.15
37 8.5  0.25 6.7 2.k 13.1 20 25 0.60
50 8.3  0.05 0.8 2.0 17.9 12 3 0.37
57 8.2 0.19 L9 | 0.9 11.9 9 2L 0.73
62 8.0 0.15 3.6 1.1 20.9 6 2L 0.19
68 8.2 0.06 2.6 1.2 16.1 8 21 0.30
49 8.0 0.58 10.6 3T 17.0 23 27 0.30
72 8.3 0.38 7.6 L6 19.3 23 17 0.06

1/ Values presented are an average of eigzht values, four depths and two samples in each area.



Appendix Table 11. (cont.)

1/3 atmosphere 15 atmospheres Exchanreable Exchangeable Calcium Magnesium Sodium
percentage percentage K me./100g. K percentage Depem. PP+ PsPsMe
19.2 9.0 2.1 16 68 15 750
% 27.6 9.4 26 . 15 61 12 737
L8.9 2Lk 2 | 13 932 652 1,159
379 21.8 6.9 1.8 15 50 10 656
19.0 9.8 1.1 6 32 12 225
17.8 8.8 1.3 10 68 21 532
28.1 17.3 L.6 20 163 33 394
= 2741 8.7 3.6 22 43 12 26l
~ Lk.8 11.9 2.5 1L 559 e 1,526

- 32.6 11.6 2.4 13 150 36 9L6



Appendix Table 11. (cont.)

Potassium Chloride Sulfate Carbonate Bicarbonate
PeD.m, PeP.M. PsPellle DeP:M. P.D.M.
70 8LO 304 26 535
- 78 823 260 28 4,60

226 Ly 197 Ly2L7 0 461

- 13 739 249 38 388
26 110 6l 0 529

60 572 383 2 400
189 152 955 0 521
157 22l 152 0 oLk
- 147 2,399 1,949 0 53k

93 903 1,169 0 539



Appendix Table 12, Mean values of soil constituents of soils collected under winterfat from ten areas
from the salt-deserts of Utah l/

Saturation
Area pH Total sol- extract Exchanzeable Base exchange Exchangeable
No. uble sal‘s conductivity Na me./100g. cap. me./100z. Na percentage
perceqﬁage Kx1l

7 8.l 0.6L 15.5 L9 15.1 33

22 8.2 0.54 12.5 Le2 1.7 30

35 8.3 0,28 6.2 3.0 16.8 17
L0 8.3 0,10 Fel 1.0 13.3 (
i 8.0 0.30 8.6 2.3 20.6 11
L2 8.3 0.15 b2 0.9 13.2 7
N 8.2 0.12 53 1.6 15.0 10
LS 7.9 0.29 Tel 143 25.6 5

55 8.2 0,51 15.7 2.5 14.7 17
73 8.2 0,72 13.9 33 1.1 2l

1/ Values presented are an avera_e of eight values, four depths from two samples in each area.

T "[
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Appendix Table 12. (cont.)

Lime per- Permeability 1/3 atmosphere 15 atmospheres Bxchan eable TIxchan-eable Calcium

centage ine /hr. percentage percentage K me./100z. K percentage Pep.m.
22 1,03 23.7 749 3.0 20 456
2l 0.l 26.7 8.5 1.4 9 2l
29 0.32 03,3 10.6 2.4 1 103
12 0.82 14.5 7.0 1.9 1L 75
11 0.56 23,1 10.4 1.5 7 301
32 0.53 22.4 8.3 3.0 23 5k
26 0.40 20.5 8.9 1.8 12 128
13 037 26.1 12,5 1.b -1 385
22 0.31 23.0 9.6 1.6 11 260

2l 0.L5 23.6 8.2 : 247 19 115



Appendix Table 12. (cont.)

Magnesium Sodinm Potassium Chloride Sulfate Carbonate Bicarbonate
DePeMa PepP.ml. PePalla PeP.Me PeDaM. psP.m. PsP.M.
s ] 1,768 117 1,799 2,265 27 LL7
10k 1,705 82 1,695 2,028 J 537
21 869 97 oLB 676 0 Ll
26 194 7h 212 170 0 LO1
56 479 52 L8 LLo 0 L6k
63 298 182 361 319 0 506
92 396 76 517 350 0 ué2
56 273 51 435 283 0 107
99 1,352 67 1,692 845 0 L4O

38 1,774 164 1,958 828 0 627



Appendix Table 13. Mean values of soil constituents of soils collected under shadscale from ten areas
from the salt-deserts of Utah 1/

Saturation
Area pH Total sol- extract Exchangeable Base exchange Exchangeable
No. ;g%gegiggg co;diciivity Na me./100g. cap. me./100g. Na percentage
L 8.5 0.60 12.2 Lie2 15.9 29
28 B.6 1.12 25.4 6.8 25.2 26
- 36 8.0 1.49 29.2 5.9 18.7 2
L3 8.3 0.18 L.1 1.5 16.2 10
L7 8.2 0.26 5.2 1.8 15.8 12
L8 8.2 0.36 11.0 5.5 17.4 32
51 8.3 0.40 Y1.9 L. 2l.L 22
50 8.1 0.55 1h.6 2.9 20.6 1L
63 8.0 0.35 10.8 13 15.6 8
66 8.5 0.45 13.1 2.9 11.8 2l

1/ TValues presented are an average of eight values, four depths from two samples in each area.



Appendix Table 13. (cont.)

Lime per=- Permeability 1/3 atmosphere 15 atmospheres Exchangeable FExchangeable Calcium
centage ine/hre percentage percentage K me./100g. K percentage p.p.m.
21 0.93 25.7 B.6 3.3 21 662
26 0.81 36.7 26.7 3.8 15 989
2k 0,20 29.3 12.5 2.7 15 573
37 9,24 26.4 12.3 3.k 21 2
22 0,60 20.6 10.7 3.5 22 82
18 0.0k 22.5 10.8 3.0 17 122
3 0.10 21.6 9.7 0,8 .t 328
20 0.31 2L.0 10.6 1.4 7 329
1L 0.8¢ 9343 12.0 342 12 336
2k 1.98 16.5 10.2 1.1 plx § 783

ST



Appendix Table 13. (cont.)

Magnesium Sodium Potassium _ Chloride Sulfate Carbonate Bicarbonate
Pepem. PeP.m, PePom. PeD.tl, D+DoMe DePeMe PefsM.
85 9l5 108 1,386 1,41 38 525
815 3,588 236 5,222 5,602 0 6Ll
105 3,493 148 5,169 2,162 0 322
80 362 152 529 295 o 566
60 L85 154 503 218 0 L85
2l 1,099 92 1,00} 877 0 641
28 1,109 28 1,126 1,257 0 LaL
83 1327 50 1,569 1,014 0 L0l
140 178 140 1,L52 194 4] L9

241 1,h09 157 1,030 3,832 0 419



Appendix Table 1lj. Mean values of soil constituents for soils collected under MNuttall's saltbush from
ten areas from the salt deserts of Utah 1/

Area pH Total sol- Saturation Exchancezble Base exchange Exchangeable

No. uble salts extract Na me./100g. cap. me./100g. Na percentage
percentage conductivity '

Xx1

10 8.6 0.75 1.9 55 17.1 3z

34 8.1 1.90 38.7 546 20.1 28

38 T.9 1.37 30.9 542 22.0 23

39 8.2 0.32 T«b 3.8 19.2 20

56 3.3 0.56 1k 2.1 12.7 18

59 8.3 0.32 8.8 2.8 13.8 23

61 8.2 1.45 30.4 Te3 21.0 3L

6l 8.0 0.23 6.2 Lol 20,4 6

65 8.2 1.22 2.7 5e3 17.9 29

67 8.0 0.79 16.8 L.0 16.8 2k

1/ Values presented are an average of eight values, four depths from two samples in each area.

LST



Appendix Table 1L, (Cont.)

Lime Permaahility 1/3 atmosphere 15 atmospheres Exchangeable Exchangeable Calcium
percentage in,/ i percentage percentage K me./100g. ¢ percentage p.p.m.
22. 0.6k 31.7 10.0 2.7 16 485
27 1.11 33.3 16.6 L.L 21 1,964
20 0.22 32.6 12.) 3.0 1L L56
17 0.03 33.2 11.6 2.3 12 71
23 O.Lb 20.9 9.1 1.6 12 167
23 0.k2 21.2 9.2 1.l 9 360
20 0.31 28.2 15.1 3.7 17 1,023
12 0.30 25.2 11.4 2.0 10 196
27 0.0 22,2 1L.3 2.1 12 911

22 0.38 29.6 9.6 3.7 22 390



Appendix Table 1. (Cont.)

Magnesium Sodium Potassium Chloride Sulfate Carbonate Bicarbonate
P.p.m. pPeDem. Pepom. pPepPefl. p.p.m. pep.m. P.pPsM.
106 1,871 109 2,306 1,932 sk 512
917 L,862 198 6,968 9,328 0 270
290 3,472 186 5,756 1,922 0 358

35 8ok 52 903 el 0 553
100 1,Lh2 55 1,736 T3 0 558
Tl 9L5 Sk 1,028 1,306 5 L78
182 L,0L8 309 3,L5L 7,178 0 335
81 303 82 193 210 0 Ls3
237 2,926 150 2,926 5,058 0 246

63 1,477 189 2,606 1,729 0 595



Appendix Table 15.

from the salt-deserts of Utah 1/

Mean values of soil constituents of soils collected under greasewood from 10 areas

Saturation

Area Total sol- extract Exchangeable Base exchange Exchangeable Lime per-
No. pH ;fgg;gfg;: co;%:c%%gity Na me./100 g. cap.me./100 g. Na percentage centage
20 7.7 1.76 30.8 6.7 21.2 32 23
25 9.0 1,07 2l.l T.5 16.6 50 12
L6 8.2 g.21 6.7 2.6 1.3 13 6
by 8.0 0.06 0.6 0.6 2k.3 3: 5
52 8.3 0.53 15.4 5.2 15.5 34 9
53 8.7 0,76 16.7 8.4 1%9.1 L3 10
sh 8.3 0,08 1:3 1.4 17.5 8 25
60 8.2 0.27 7.0 3.8 19.5 19 25
70 8.1 1.82 29.6 6.7 18.L 36 22
T 8.1 1.76 2L4.8 L.8 20.5 25 27

l/ Values presented are an average of 8 values, L depths from 2 samples in each area.
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Appendix Table 15,

(Cont.)

Permeability 1/3 atmosphere 15 atmospheres Exchangeable Exchangeable Calcium
in./ hr, percentage percentage K me./100g. K percentage Psp.M.
0.24 39.7 13.7 2.1 10 1,077
0.26 27.2 1.1 3.3 18 Lk
0.Ll 21.0 9.4 2.0 11 227
0.43 21.5 12.9 1.8 7 83
0.12 19.8 10.4 1.7 9 188
0.01 26.8 13.0 3.2 17 100
0.22 25.0 13.1 2.8 17 L3
0.09 27.6 13.9 3.l 18 L5
0.1 3L.0 11.7 3.3 16 792
0.13 42.8 14.8 3.6 16 878
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Appendix Table 15. (Cont.)

Magnesium Sodium Potassium Chloride Sulfate Carbonate _Bicarbonate
PeP.M, PeDeM. pP.p.m. PsPems PePee PsDeMme DePella
269 3,034 129 5,680 5,868 0 394
30 1,754 98 1,736 90l 16 773
34 L4165 56 126 708 0 L39
9 91 72 h1 Lo 0 LO8
52 1,590 58 1,565 1,593 0 554
60 2,087 86 1,825 1,572 0 940
26 26l 83 154 112 0 629
27 . 760 11 73k 450 0 679

126 4,306 268 5,917 3,lL6 0 113

148 L,21L 2L7 6,083 3,106 0 L23
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