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INTRODUCTION 

The intimate relationship between vegetation and soil has long 

been a subject of interest. Ecologists , soil surveyors, and ranchers 

have recognized that vegetation differences are often accompanied by 

var iation in soil types. 

Early stud ies on this relationship were subjective. Too often 

data were not sufficiently complete to allow accurate appraisal of 

the interrelationships. In recent years, however, comprehensive 

studies have been conducted and quantitative data on plant s and edaphic 

factors have been ga thered and analyzed statistically. However, in 

vast portions of the arid zones of the world knowledge is either 

lacking or contradictory in nature. The importance of the arid zone 

to world welfare is such that tremendous effort to understand the 

functioning of the desert ecosystem is justified. 

A relative l y little known a rid area is the western extension of 

the Colorado Plateau Province into eastern Utah. The lower e l evations 

of this r eg ion support a sparse vegetation consisting of several 

species of the genus Atriplex. Those species form relatively simple 

sometimes nearly pure communities. 

The study reported herein was confined to the shadscale zone in 

which Atriplex £Onfertifolia provides the matrix of the climax 

ve getation. Embedded in this matrix are various edaphic or topo

edaphic communities that have developed under one macro-climate. 



The o bj ect ives of this study were : 

1. To c lassi fy and i denti fy t h e d i fferent p l ant communities 

which occur in the shadsca l e zone . 

2 . To investigate and evaluat e the r e lationships between 

v ege tation c haracte ristic s and edaphi c factors in each plant 

community. 

3 . To isolate eco l ogical factors t hat may contribute to plant 

distribution. 

4. To develop v egetation soi l gu i des which could minimize soil 

survey problems throughout Atripl ex land scapes of southeast e rn Utah. 

5 . To study the geo logical f ac tors that contributed to the 

or i gi n of t h e d i ffe rent paren t ma ter ial. 
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REVIEW OF LITERATURE 

The concept of using individual species or plant communities as 

indicators of soil and climate is of long standing. Hi l gard (1906 ) 

s ummarized fifty years work and pointed the way toward a scientific 

s tudy of the chemical constituents of soil in relation to the distri-

bution of native vegetation. 

Chamberlin (1 878) in his geolog ical s urvey of Wisconsin was the 

f irst to recognize that plant communiti es were better indicators than 

individual species. He classified vegetation into communities with 

mor e or l ess definite indicator value. 

Shantz (1911) contributed to the deve lopment of the concept of 

plant indicators, espe cially in regards to recognition of land 

capabilities. Clement s (1920) provided a comprehensive treatise 

covering the entire field of plant indicators and discussed in consider-

able detail t he use of plant s t o denote climatic and edaphic conditions . 

Sampson (1939, p. 156) in a revi ew of the concept stated: 

The plant indicator concept is based on a cause-effect 
r e lationship , where the ef fect i s taken as a sign of the 
cause. All p l ants are admitted ly a measure of their environ
ment. Because plant production, and to some extent, form 
of growth, is determined by the habitat, any plant species 
may to some extent, indicate the nature of its surroundings; 
yet only a few key species of a g iven locality are, as a 
ru l e, sufficiently r estrict ed by growth conditions to be 
he lpf ul. 

Th e existence and successful reproduction of a plant species are 

limited by the ranges of intensity o f the d ifferent habitat factors. 

Mason (1946) mentions that climatic, edaphic or biotic factors, singly 

or in various combinations, serve to restrict the range of some plant 



species. He also stated that envi ronment permits t h e funct ioning of 

those individua ls whose to l erances have been preadapted to certain 

conditions that prevail in that env i r onment . He further added t hat 

edaphic factors are most likely to occur in s harply d istinct patterns 

and often within small areas . 

Mason (1954) men tions that the inbreeding population, through the 

mechanism of gen e exchan ge , sets up a se l f -pe rp e tuation system , as a 

result of wh ich f unct ioning indiv i dual s are continually bein g produced 

as old ones d ie. 

Merr iam (1 898) made the first major a ttemp t to use c limatic data 

to interpret the d i stribution of North American species. 

4 

Good (1931 ) stated that plant dis tribution is primarily controlled 

by the d i stribution o f climatic factors and secondarily by the distri

bution of edaphic factor s . Shantz and P ieme i sel (1940) pointed out 

that the southe rn a n d nor t hern deser t shrub types of the Great Bas in 

indicate major climatic differences but the sub-types within each 

indicate local differences in soi l chemical or physical properties. 

I n the Unita Basin of Utah and Colorado , Graham (1937 ) considered 

that altitudinal life zones were primari l y the resu lt of c l imatic 

factors . Edaphic and physiographic differenc es within these zones 

resulted in the d iffere n t vegetation types. 

Gardener and Retzer (1949 ) showed t hat climate i s the primary 

factor in de termining the t ype of v egetation. Within a climatic zone, 

s oils exert the strongest effects on plant d istribution. 

Hubbard (1950) working in southeastern Saskatchewan, indicated 

that changes within a vegetat ion zone are generally influenced by 

latitude , e l evation and longitude . He stated t hat vegetation, i f 



properly interpreted, could answer many questions regarding soil and 

climatic conditions. 

Billings (1952) stated that vegetation and soil are subject to 

the control of climate which has a leading role in the development 

and maintenance of both . 

Nikiforoff (1942) raised the question of change in climate with 

time and mentioned that "the steady state•• of a mature sci 1 depends on 

the maintenance of climate stability. 

In the southern interior of British Columbia, Spillsbury and 

Tisda le (1944) found that within a certain vegetation zone, the depth 

of so il profile was the most important edaphic characteristic with 

respect to species dominance. 

Becaus e of its role in water relations, texture of soil becomes 

increasing ly important as precipitation becomes less. Hardy (1945) 

f ound this to be particularly true in southwestern Utah. 

Both p lant distribut ion and production have been related to soil 

fertility (Millar, 1955). Soil reaction has been known to be a major 

factor through its effect on the availability of d i fferent nutrient 

ions. Young (1934) showed s ome correl a tion between pH values and 

vegetat ion dist ribution in his study of soil heterogenity in the 

Adirondack Mounta ins, New York . 

In southern Arizona Marti n and F l etcher (1943) noted remarkable 

.similarities between the vertical zonation of soils on Mt. Graham and 

the great soil groups. They r eported that with increased elevation, 

the volume wei ghts and pH decreased while water holding capacity 

increa sed . 

5 



Marks (1950) studying soil and vegetation relationships in the 

lower Colorado Desert of Arizona, found significant r e lationship 

between vegetation and salt content as well as moisture holding 

capacity, but not between vegetation and pH values. 

Weislander and Storie (1952) reported that a combined soil and 

vegetation classification would help in the evaluation of range sites 

as a basis for range improvement and development. In their approach, 

broad kinds of vegetation cover were determined and the soil series 

was taken as a mappi n g unit . 

Olson (1952 ) pointed out that the examination of soil profile is 

espec ially important in an area where one general range type dominates 

several kinds of soils, each of which may have a different potential. 

He added that two soil profiles alike in all details are capable of 

producing the same kind and density of plants. He also mentioned that 

unlike profiles rare l y have the same productiveness. 

In South Texas, narrow transition zones between four d i stinct 

6 

plant communities lead Box (1959) to investigate local edaphic 

conditions as factors in vegetational dis tribution. He fo und tha t soil 

physical characteristics were significant l y different between the 

various communities and that for purposes of characteriz i ng different 

soils they were more important than soi l chemica l characteristics . 

Most investigators who have worked in the shadscale zone have 

concluded that shadsca l e vegetat i on is usually indicative of soil that 

is to some extent saline below the f irst foot (Aldous and Shantz, 1924; 

Weaver and Clements, 1938 ; Kearney et al., 19 14; Stewart et al., 1940; 

and Shantz and Fieme isel , 1940) . Bil lings (1945) found that this i s 

also true in some but not a ll the shadscale areas. 
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Kearney et al. (1914) found that sagebrush (Artemi sia tridentata) 

occurred chiefly on bench lands on coarse-textured soils with low salt 

content. They found that greasewood (Sarcobatus vermiculatus) occupied 

soils with a fair ly hi gh moisture equivalent and a high salt content 

fr om the second foot d own. 

In the Escalante Valley, Utah, Shantz and Piemeisel (1940) found 

that sagebrush occurred on moderate l y light-textured soils with low 

s alt content, whereas shadscale occupied areas that had a hi gh sa lt 

content and either hard-pan or coarse gravel at 18 to 24 inches , and 

greasewood occupied heavier -textured and more saline soils. 

Billings (1945) and Fautin (1946) have questioned the universa lity 

of the association of shadscale and s ubsoil salinity. In eastern 

Nevada, Bi llings (1949) found that the shadscale is not always a 

reliable indicator to salinity in s ubsoi l. 

In the Escalante Desert, F ireman and Hayward (1952) made a 

quantitative study of several ind icator spec ies occurring in mixed and 

pure associations to determine the r e lation of the physical and 

chemical characteristi cs of soils to vi gor, age and distribution of 

indicator p lants. The pH values of saturated soil paste and 1:10 soil

water suspensions, particularly of the surface soil, were generally 

lowe r under sagebrush and the adjacent bare areas than under shadscale 

and greasewood . The soluble sa lt content was appreciably higher under 

shadscale and greasewood than under other shrubs or adjacent bare soil. 

In the Unita Basin, Graham (1937) s tudied sagebrush and shadscale 

communities in particular and no t ed that sagebrush grew wher e moistur e 

was gr eat e r and where soil s were more permeabl e and relatively sa line 

free . 



In western Utah, Stewart et a l. (1940) found that shadsca le 

occurred on light - textur ed soils with salt conten t varying f rom 0.02 

to 0 .05 percent depending on the depth of samp ling . 

Gates et al. (19 56) conducted a very comprehensive study of the 

following associat ions: sagebrush, shadscale, winterfat (Eurotia 

lanata), sa l tbush (Atri plex nuttallii var. nuttallii) and gr easewood. 

They fou nd significant differences between these vegetation t ypes in 

regard to the fol l ow ing so il chemical and physical characteristics: 

total so l ub l e salts, conductivity of a saturation extract, one-third 

atmosphere mo is ture percentage, e xchangeab le sod ium and soluble 

sod i um . The classificat i on of habitats was primaril y based upon the 

abundance of a singl e species. 

Roberts (1950 ) investigated the chemical effects of salt tolerant 

shrubs on soi l s in arid and semi-arid region s of southwestern Utah. 

The soils under g reasewood had a higher pH value than those under 

shadsca l e a nd both values were higher than the pH values of bare soil . 

Similar re l ationshi p s were found with respect to exchangeable sodium 

a n d e l ectrical conductivity of a soil saturat ion extract. 

Billings (1949 ) fou nd in western Nevada t hat whe r e shadscale 

occupi es deep sands, the sands were water-de posited as lake sediments, 

alluvial fans , or bajadas but are probably not of an aeolian origin. 

In western Utah, Kea rney et al . (1914) and Shantz and Pi eme i se l (1940) 

fo und that shadscale associat i ons princi pally occur on the heavier 

so ils of the playas. It was a lso reported by Stewart et al. (1940) 

that preferred habitats of shadscale in western Utah were playas with 

high moisture content. 

8 
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Shadscale soils may have prominent hardpans (Shantz and Piemeisel, 

1940) . Billing s (1949) reported that in many shadscale areas in the 

western parts of the Great Basin, a distinct calcareous hardpan 10 to 

15 centimeters in thickness occurred from 10 to 20 centimeters below 

soil surface . In general , this pan layer was not very strongly cemented 

and did not appear to impede the growth of roots to any extent. He 

also mentioned that qualitative tests for the presence of carbonates 

in soil profiles showed that under shadscale, carbonates occurred 

mainly in the pan layer but that they could be p resent throughout the 

entire soi l profile. He also mentioned that the depth of the carbonate 

layer under sagebrush was between 60 and 80 centimeters from the soi l 

surface . He considered that the relatively grea ter depth of the pan 

layer in the sagebru sh zone was evidence of an earlier moist climate. 
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DESCRIPTION OF THE AREA 

Location 

The study area lies in the mid portion of the rolling lands that 

extend from the southeastward-facing escarpment of the Book Cli ffs to 

the Colorado Ri ver. Located on the west side of Cisco Wash, Grand 

County, Utah (Figure 1), the study area includes approxi mately 13.5 

square mi les. U. S. Highway 50 and 6 form the north boundary. Sagers 

Wash marks the southwestern limits. 

Topography and El evat ion 

To the north, the topography rises gradually to the Book Cliffs 

with pediment remnants rising above the general level. These pediment 

remnants are intersected and shaped by drainages which may be taken as 

the main factor in the deve l opment of the present configuration of the 

landscape. The Mancos shale areas are characterized by rolling undu

lating relief which may be attributed to recent gullying and bad land 

deve lopment. The elevation on the high l evel of pediment remnant is 

4,492 feet above mean sea level. The low flat land near Sagers Wash 

li es at an elevation of 4,183 feet . 

The history of land use and management of the study area is not 

well known. However, it seems that the area was at one ti me heavily 

grazed by sheep. Campbell (1922, p. 197) wrote: 
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. .. The village of Cisco which is one of the largest 
sheari n g and shipping points in this great sheep coun try. 
One unfamiliar with this region migh t think that t here 
was l ittle or no pasturage here for even a sheep, bu t 
when rain falls the country is green with grass and even 
in times of drought there are forag e p lants that might 
not be noticed by the accustomed eye. 

It can be hypothesized from Beckwith ' s report (1 855, p. 6 1) that 

12 

there has been little change in the severe soil erosion and the sparse 

vegetative cover \Yhich existed over one hundred years ago and which 

continue to prevail today. Of a location near the upper forks of 

Cisco Hash, Beckwith wr ote: 

time. 

September 28, .. . Deep, narrow gullies cut in the clay 
and soi l, with perpendicular sides , obstructed our 
progr ess more than usua l today, as they were from f our 
to s ixteen fee t deep , and from one to twelve feet wide . 
September 29, . .. A neighboring ravine furnished a 
limited supply of grass , but for once, s a ge was even 
more scarce than grass, the country be ing en tire l y 
destitute of wood , and presenting only a picture of 
aridity and bareness. 

Th e area is li ght l y grazed by sheep an d cattle during t h e wint er 

Climate 

Precipitation 

The s tudy area is located in the low land south of the Book 

Clif fs. The United States Weather Bureau records (1953-1962) for 

Cisco , Utah have been summarized in Table 1. 

Th e region has a semi - arid climate , with a mean annua l rainfall 

of 6 . 15 i nches . The month l y means for a nine year period revea l that 

summer is a period of l ow precipitation. Except for December, winter , 

spring and fal l precipitat i on is fair l y constant. Rainfal l for the 

most part accompanies thunderstorms. However , there is a tendency for 

rainfal l to increase from mid July through early fall . 



Table l. Temperatur e and precipitation data for Cisco , Utah , 

Cl imatic factors 

Average temperature 
(oF) 

Average min imum 
temperature (°F) 

Average max i mgm 
temper ature ( F ) 

Precipitation 
inches 

"' >; 

"' :J c 
"' .., 
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10 . 5 

38. l 

0.7 1 

"' >; 
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Temperature 

There is a wide daily and annual variation in temperature. During 

the summer , the days are usually hot, but the ni ghts usually get cool. 

The temperature rises abruptly at sunrise and falls off with an equal 

rapidity at sunset. During the winter there is a similar wide daily 

range in temperature. January and February are the coldest months. 

Southeastern Utah lies within the Colorado Plateau Province which 

in general is characterized by an arid climate, high altitude, bare 

rock surface , and an intricate system of cliff-walled canyons that 

have been dissected into high tablelands of horizontal or s l ightly 

inclined sedimentary strata a l ong major streams and many smaller 

tributaries (McKnight, 1940) . 

These gen era l features of the province as a whole are developed 

in the area treated in this study. 

Stratigraphy 

The lithologic characteristics, and success ion and relation of 

exposed formations are summarized in Tab le 2 for convenient reference 

and di rect comparison. 

Upper cretaceous 

The Mancos shale i s a thick formation consisting large ly of steel

gray well bedded marine shale and subordinated beds of gray limes tone 

and argillaceous sandstone (Dane , 1935). Veinlets of gypsum in the 

form of scattered selenite plates occur on weathered surfaces 

(Gregory, 1938 and McKnight , 1940). The Ferron sandstone, a member of 
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Table 2a. Genera l section of rock formation and outcropping in the 
stud area . 

System 

"' ~ 
0 
<)) 
() 

2 
<)) 
H 
u 

Series 

<)) 

" <)) 

() 

3 
"' 

"' ~ 
0 
<)) 
() 

"' '-' 
aJ 
H 
u 
' H 

<)) 

P. 
P. 

:::0 

Formation 

Unconformity 

<)) 
~ 

"' .c 
"' 
"' 0 
() 

" "' :s 

aHodified from Clark (1928) and Dane (1935). 

Characters of rocks 

Remnants of pediments 
rep r esenting three periods 
of erosions . The gravels 
r ange from bou l ders of 
sandstone to sand or fine 
g ravel. Th e coarser 
materia l occurs on the 
hi ghest pediment remnants . 

Lead - gray mari n e s hal e. 

Buff th in-bedded sandstone 
and sandy shale ( Ferron). 

Lead - g ray marine fossili
ferou s shale. 



the lower part of th e Mancos shale format ion, outcrops in the south

eastern part of the study area . 

Quaternary deposits 

The greater part of the surface of the Mancos shale was at more 

than one time coated with sheets of gravel and sand spread by 

torrential streams that drained and e roded the adjoining uplands of 

the Book Cliffs (Clark, 1928). 

Three sets of low mesas or benches (Figure 2) capped with grave l 

are obviously erosion remnants of old extensive pediments that 
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f ormerly sloped gradually from the cliffs to the low flat lands. These 

pediment remnants are found at three levels, but those at the inter

mediate level seem to be better preserved than those at other levels 

(Fisher, 1936). These remnants were reported at similar areas by 

Baker, 1946; Clark, 1928 ; Gi1luly, 1929; McKnight, 1940; and Spiecker , 

1931. 

The abandonment and trenching of these pediments may be the result, 

in part, to stream diversions (Rich, 1935) or climatic changes (Darton, 

1920 and Rich , 1935). While the older ped iments existed, streams could 

not cut deeper into them and the land was reduced to a gentle slope. 

Later the streams acquired greater cutting power and succeeded in 

trenching and eroding the old pediment except where it was protected 

on the d ivides (Darton, 1920). 

The three distinct levels of the pediment remnants indicate the 

different epi-cycles of erosion have occurred. The old pediment s lopes 

were controlled by running water discharged from t he Book Clif f s. The 

transport of debris upon the pediment s lope was solely accomplished by 
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water work . The contrast in the size of the boulders on the first 

l evel of ped i ment remnant and gravel on both the second and third 

levels could be taken as an ev i dence that the different l eve ls of the 

old ped i ments were controlled by different rates and/or amounts of 

run-off from the Book Cliffs (Williams, 19 61). 

I t could be hypothesized that the climat i c changes may be related 

to those that caused the different levels of Lake Bonneville. 

Drainage 

The study area is included withi n the boundaries of two separate 

drainages . Cisco Wash drains the eastern part of the area and Sager s 

Wash drains the western portion. 

These streams are intermittent. In the spring and ear l y summer 

they f low continuously as a result o f melt ing snow from the Book 

Clif fs . In the summer the f low is partially dissipated by evaporat ion 

before it reaches the Colorado River. The extensive surface of bare 

soi l, when subject ed to local thunderstorms , favors maximum run-off 

particularly in the lowe r parts of their stream courses. 

Vege tation 

The study area is confined to the shadscale zone in southeastern 

Utah. As to physiognomy, the most notable feat ure of the vegetation 

is the prom inance of d i fferent Atriplex species. 

Shadscale forms the matr ix of the c limax vege tation . Embedded in 

this matrix are four vegetation types which are edaphically control l ed 

climax communiti es. Narrow transitional zones occur between the four 

di fferent communities. 
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The shadscale zone extends northward to the boundary of the sage

brush zone which occupies the foothi ll s of t he Book Cli ffs at an 

elevation of 5000 feet above sea l eve l. 

Soil 

The so ils of the study area have characteristics of Sierozem 

zona l soils . No intensive soi l survey work has been carried out in 

the immediate study area, thus the soi l s were totally unknown. Some 

soils belong to estab li shed series and o thers are c l assified as eroded 

phases of established series . 

Parent materials for the soil s studied were either of sedimentary 

ori g in ( Mancos s hale) or were alluvia l outwash on the pediment remnants. 



METHODS AND PROCEDURES 

In general, mos t of the published lite rature indicat es that 

there is no widely accepted method which will enable application of 

syneco log ical investi gations to l and classification. This is due , in 

part , to the complex nature of these arid- desert ranges, and in part, 

to the difference in the training of ecologists . 

Determination of Vegetationa l Characteristics 

The preliminary survey based on abundance and promi n ence of 

species (Weav er and Clement s , 1938) indicated that the v egetat ion of 

the s tudy area could be classified into the four fo llowing d i fferent 

plant communiti es : (1) Atriple x conferti f olia-Hilaria james ii 

( shadscal e - ga lleta grass), (2) Atriplex nuttallii var. nuttallii

Hilaria jamesii (saltbush- ga lleta grass ), (3) Atriplex nutta llii var. 

gardneri-As ter xylorrhiza ( sa l tsa ge- woody aster) , and (4) Atriplex 

corrugata (mat saltbush). 
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This fie l d investi gation though qua lita tive in nature, was 

n e c essary in order that the v egetation might be classified into ma jor 

ca t egor i es . In order to verify t he class ification of these communities, 

quan t ita tiv e data obtained from nine d i f ferent locations for each 

community were subjected t o a phytosoc iological analysis. However , the 

c l assif i cation of vege tation into f our d i fferent plant communiti es in 

terms of their f loris tic composition only withou t re f erence to t he 

interre lationships of the ecologica l fact ors involved within and 

between the communities in an insensitive me thod. Ther efor e , soi l da ta 



and vegetation characteristics were tested statistically to test the 

differences of ecolog ical f actors between and within the dif f erent 

communities. 

Reconnaissance 
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After completion of the intens ive veg etation and soil analysis 

within t h e area of study, a reconnaissance of approximately 200 square 

mil es around the area was undertaken to invest i gate the occurrence of 

the different communities and their associated soils. The reconnaissance 

revealed that these habitat types could be recognized en the basis of 

ve getation and soil information obtained from the in tensive survey of 

the study area . 

Fie l d method of determining vegetat i on character isti cs 

The 25-square foot method (Gobel et al., 1958; Green et al. , 1951; 

and Sharp, 1949) was used to determine the following vegetation 

characteristics : number of plants per plot, canopy coverage and basal 

cover for each species as well as for the vegetation. The equ i pmen t 

consisted of a 25 -square foot frame supported on telescoping l egs. A 

sliding crosspiece, 1 x 5 foot subdivided into 1/16-square foo t units 

was used for accura te readings . Each 1/16-square foot unit represents 

0. 25 percent of the 25-square foo t frame . 

Th is method utilized the basic concep ts und e rlying the range 

reconnaissance and square-foot dens i ty rang e survey methods (Stewart 

and Hutchings , 1936). The p lot size (5 x 5 foot) i s la rge enough to 

include th e different species yet small enough to be viewed readily 

from above. 
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For each plant community, a total of 15 differen t locations 

separated widely from one another were marked on an aerial photo. Nine 

out of the 15 locations for each community were selected at random for 

intensive study . Two transects (each 100 foot long) were run at 

random in each location. Ten plots (5 x 5 foot) were spaced uniformly 

on each transect. 

A short training period was conducted prior to the estimation 

of both canopy and basal cover . Estimates of vegetati on cover were 

checked furthe r by estimating bare ground which when subtracted from 

100 should equal the sum total cover for vegetation. 

Phytosociological characteristics 

Basa l cover . Basal cover (basa l area) refers to t h e extent of 

ground actually covered by stems a t the so il surface (Hanson, 1950). 

Estimations are made to the nearest 0.25 percent which represents 

t he area of 1/16 of a squa re foot. Fo r annuals and small-s i zed plants 

1/4 of this area (1. 5 x 1.5 inches) was used for precise estimates . 

The basal cover of ma t forming plants such as mat saltbush 

(Atriplex corrugata) or mosses was estima ted as the total area from 

which these plants exclude the growth of other species . Perennials 

were considered as one plant if the indiv i dual stems are not further 

apart than 1.5 inches . 

This method is not well adapted to sampling annual species because 

of their small basal area. 

Canopy cover. Canopy cover (herbage cover) refers to the area of 

ground occupied by crown canopy as viewed from above (Hanson and 

Churchill, 1961). It is one of the most important characteristics of 

vegetation. 
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Density . Density refers to the number of individual plants per 

unit area (Becking , 1957) . A square foot was taken as a unit area in 

this study . In this study, densities of cryptogams were not computed. 

Floristic composition . A complete list of species has consider 

able value in characterizing the p l ant community . Each species has a 

definite range of tolerance for environmental conditions (Hanson and 

Churchill, 1961). A single species may be valuable in delimiting 

vegetation but when additional species are used the plants become of 

greater indicator value for characterization of t he area they occupy . 

Both floristic composition and soil development are important means of 

describing the syndynamic stages for the different communities included 

in this study . 

Frequency. Frequency expresses the percentage of sample plots in 

which a g iven species occurs (Curtis and Mcintosh, 1950). 

Constancy. Constancy refers to the percentage of occurrence of a 

species in stands (locations) that belong to the same community. It 

i s a measure essentia l ly the same as stand frequency (Hanson and 

Churchill, 196 1) . 

In this study , the different species wer e c lassified into five 

c l asses of constancy accordi ng to Hanson and Churchill (196 1) as 

fo l lows: 

Class Percent constancy 

Less than 20 

2 2 1 to 40 

3 4 1 to 60 

4 6 1 to 80 

5 8 1 to 100 



A f airly h i gh number of species in classes 4 and 5 indicates 

floristic homogeneity in a g iven community. 
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FideJl!y . Fide li ty is the degree to which species are restricted 

or confined to certain communities (Braun-Blanquet, 1932). In this 

study the vegetation was classified into d i ff erent communities on the 

basis of fidelity , constancy and frequency. 

The different fidelity classes that were used in this study 

follows: 

(A) Characteristic speci e s 

(5) Exclusives-plant s pecies exclusively or almost exclusively 

restricted to a certain plant community. Exclusives usually 

exhibit high frequencies and constancies. 

(4) Selectives-plant species with strong preference for a 

specif ic p lant community but also occurr i ng in other 

communities, however, then it occurs sparingly, infrequent l y 

or rarely. 

(3) Preferents - p lant species often occurring in other communiti es 

but with optimum definite l y in one community. 

(B) Companion species 

(2 ) Ind i fferents -p lant species without any definite preference 

for a certain community. 

(C) Accidental species 

(1) Strangers-plant species rare or accidental intruders from 

another p lant community or re l ict species from a p roceeding 

community. These species have low f r equencies and constan

cies. They u s ually have their definite optimum outside the 

considered community. 
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Classes of fide lity are t aken from Braun-B lanquet (1932) and 

Seek ing (1957 ) and s li ghtly modif i ed . In this study accidental spec i es 

are restricted to those rare species hav ing low frequencies and 

constancies in the considered community . 

The name o f e ach association is derived from the names of the 

species that have high f i delity , constancy and frequency. 

Structure . Layer ing or stratification refers to th e occurrence 

of organisms or their parts at more or l ess def inite l eve l s 

(Hanson and Church ill, 196 1). It is large l y due to the variations 

exhibi t ed by d i fferences in growth habits and their range of toler

ances to environmenta l factors i nvo lved in a g iven habitat . 

Soil Sampling 

To differentiat e between the di fferent plant communiti es and to 

test t h e recurrenc e of eac h community at d i fferent loca tions, tre n ches 

were excavated (Fi gure 3) in the vicinity of the vegetation transects 

a t each of the nine locations of t he four plant communities. The 

trenches were 20 inches wide, 20 to 25 fee t long and extended to the 

parent ma t er ial thereby exposing the entire zone of root penetration. 

Each location was described as to relief, degree and direction of the 

s lope , internal drainage, and e l evation. Each soil profile was 

descr i bed in the field following the procedure outlined in the Soil 

Survey Manua l (1 951). The horizons in each profile were careful l y 

described as to depth, t hickness, dry and mois t color, f ield t exture , 

structur e , hydrochloric ac i d effervescence , consis tence, nature of 

boundary, and parent mater i a l. 



A composite samp l e was obtained from each horizon. All samp l es 

were allowed to reach air dry moisture condition in a stor e-room . 

They were then sieved by hand using a 2 mm s creen. Samples that 

appeared to have no appreciable amount of grave l and stones (5%) were 

poured through a mechanical crusher with about 4 mm opening. 

Chemical and Physical Analyses of Soil Sampling 
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Each sample was subject ed to a series of analyses for each physical 

and chemica l characteristic which was though t to influence the distri

bution of a plant in saline soil. The physical analyses made on these 

s amples were: particle size di stribution, saturation moisture percentage 

and one-third atmosphere moisture percentage. The chemical analyses 

were : pH of saturated so il paste, pH of a 1:5 soi l -water suspensions, 

total so lubl e sa lts, electrical conduc tivity of saturation extract, 

cation exchange capacity, percentage and amount of exchangeable sodium, 

amount of exchangeab l e potassium, and lime percentage. 

Particle size distribution was determined by the Bouyoncos method 

(1936 ) except that sodium hexametaphosphate was used as the dispersi n g 

a gent. The clay fraction was r ecorded i n two ways -- that less than 

0 . 002 mm in diameter and that l ess than 0.005 mm in diameter . 

Procedures used for the chem i cal and the rema ining physical 

analyses are described by the U. S. Salinity Laboratory (1954). 

Methods used were as follows: for pH of sa turated soil paste, method 

2 1a ; for pH of a 1:5 soi l-water suspensions , method 2lb ; for total 

so luble salts, me thod 5 ; for electrical conductivity of saturat ion 

extract, method 4a; for cation exchange capacity , method 19; for 

amount and percentag e of s odium, method lOa; for amount of exchangeable 
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potass ium, method lla; fo r saturation moisture percentage , method 27a; 

for one-thi r d atmosphere moisture percentage , method 31; and for lime 

percentage , method 2Jc . These analyses were made by the Soil Conser

vation Service Soil Laboratory that is located on the campus of Utah 

State University. 
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RESULTS AND DISCUSSIONS 

The Plant Communities of the Shadscale Zone 

The total number of species in the four different communities was 

rather limited. A summary of the different phytosociological charac-

teristics is presented in Table 3 in which the comnunities are classi-

fied on the basis of fideli ty, constancy and frequency of exclusive 

and selective (classes 5 and 4) species. Hypothetical profiles to 

illustrate horizon designations for soils dominated by the four plant 

communities are shown in Figure 4 . The profile descriptions of these 

so il s and the nomenclature of their horizons are shown in Appendixes 

2 to 6 . 

The association of Atriplex confertifolia
Hilaria jamesii (Atrip l e t um confertifolae) 

On the basis of the d ifferent heights of the various life-forms, 

the vegetation is divided into three strata; the shrub, herbaceous and 

the moss layer. These strata rarely overlap excep t when soil moisture 

is abundant . 

Figure 6 shows that 15 different species occur in this community 

with shrubs species being slightly more numerous than the other growth-

forms. However, the variation between the number of different species 

with in the various g rowth-forms is less in this association than in 

each of the other three communities. 

Phytosociolog ical characteristics. Table 3 shows that shadscale, 

galleta g rass, Bromus tectorum (cheatgrass), and mosses were the 



Table 3. s~nmary of t h e phy tosociolog ical synth etic factor s 8 of t h e four plant c ommuniti es of the s h a dscale zone of s outheastern Ltah . 

Species 

Atr i pl ex confer t ifolia-
1-l ila ria jamesii 

Atr i p l ex nuttall i i var. nuttallii - Atriplex nu t t allii var. garuneri-
Hilar ia James ii Aster xy lorrhiza 

F i del it y Constanc y Frequency% in differert loca t ion s F i deli t y Constan c y Frequen c y% i n d i ff e rent l oca tions Fideli ty Constancy Frequency %ir cif f ere' t locatio s 
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Atriplex c onfer t i f olla 
Atriplex nuttallii var. nut tallii 
Atriplex nut tallii var . ga rdneri 
Atr iplex cor rugate 
Gutierrezia saroth rae 
Tetradymi a g labrata 
Artemisia spin escens 
Eurotia lanata 
Er iogonum microthecum 

Opunt ia polyacanth a 
Sclerocactus wh lpplei 

Aster xy lorrh l z a 
Sphaeralcea grossu lariaefolla 
Astragalus canadensis 

1-l i lari a j amesii 
Oryzopsis hymenoid es 

Salsola kal l var. kenuifolia 
Eriogonum inf 1atum 
Nalcolmia af r icana 
Bromus tectorum 
Plant a go tweedyi 

Nosses 
Lich ens 
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important s p ec ies in this community. Shadscale has the h i ghest 

frequency , constancy a nd fide lity. Ga lleta grass has equally hi gh 

frequency a nd cons tancy but a lower f i de li ty than shads c a l e as a 

resu lt of its occurrence in other communities. Both chea t g rass and 

mosses have a high constancy but lower f r equ e ncy than the previous 

two species. Th e ir f ide lit ies are low e r than the shadscal e as a 

resu lt of the i r occurr ence in other communities. 

Tab l e 4 shows the mean va lues for den s ity, canopy cover and 
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basal cover for each species. The total canopy cover was 9.3 7 percent 

whereas the tota l basal cover averaged 6.08 percent. 

Shadsca l e contributed 31.56 percent of the tota l basal cover and 

48 . 65 percent of the total canopy cover . 

Galleta g ras s compos ed 49.63 percent of the total basa l cover 

and 35. 49 percent of the tota l canopy cover. It also had the highest 

density value 1 .05 for this association . 

Shadsca l e and ga lleta gr ass composed 8 1.20 percent of the tota l 

basal cover and 84.14 perc ent of the total canopy cover. 

Op unti a po l yacantha (pr ickly p ear) and mos ses wer e the n ex t 

abundant species . Pri ck l y pear consisted 8.06 percent of t h e total 

basa l cover and 5.37 percent of the total canopy cover. The mosses 

compos ed 8. 24 percent o f the total basa l cover and 5 . 35 percent of the 

total canopy cover. 

I n general , the perenni al herbs, annuals, succulents and cryptog ams 

contri buted lowe r va lues of density, ba sal cover , and canopy cover than 

perennial g ras ses and shrubby v ege tation. 

Relationships between vegetat ion characteristics. Tab l e 5 shows 

a summary of s i mp le correlation coefficients between the percent cover 

contributed by the ttvo prominen t species as well as the d if fe r e nt 
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Tab l e 4 . Mean values of vegetation characterist ic s for nine locations 
of the association of Atriplex-confertifolia-Hilaria jamesii. 

Species 

Atri p l ex confertifolia 
Atriplex nutta llii var. 

nuttalli i 
Ar~~pinescens 
Eriogonum microthecum 

Total for shrubby plants 

~puntia po1yacantha 
Sclerocactus whipplei 

Total for succulents 

Density 
(no. of 
plants/ 
sq . ft .) 

0.0993 

0 .0009 
0 .0002 
0.0001 

0 .1015 

0 . 0084 
0.0002 

0.0086 

Tota l 
basal 
cover 

l. 9 189 

0.0311 
0.0003 
0.0003 

l. 9506 

0 . 4900 
0 . 0011 

0.49 11 

~aeralcea grossular1aef ol1a 0.0007 0.0011 
Astragalus canadensis 0.0011 0.0011 

To tal for perennial forbs 

Hi !aria james i i 
Oryzopsis hymenoi des 

0 .0018 

1. 0451 
0 . 0002 

0.0022 

3.0178 
o.oooo 

Total for perennial grasses 1.0453 3 .0178 

Eriogonum inflatum 
Ma l co l mia afr icana 
Bromus tectorum 

Tota l for annuals 

Mosses 
Lichens 

Total for cryptogams 

0 . 0309 
0.0684 
0.0673 

0. 1666 

o.oooo 
o.oooo 

o.oooo 

0.0311 
0 .0384 
0.0456 

0.1 151 

0. 5011 
0.0026 

0.5037 

% Compo
sition 
of basa l 
cover 

31.5583 

0 . 5115 
0 . OG49 
0.0040 

32 . 0796 

8 . 0585 
0.0181 

8.0766 

Tota l 
canopy 
cover 

4. 5567 

0.0378 
0.00 11 
0.0011 

4.5967 

0.5033 
0 . 00 l l 

0. 5044 

0.0 181 0.0044 
0.0 181 0.00 11 

0.0362 

49.6308 
o.oooo 

0.0055 

3.3244 
0.0003 

% Compo
sition 
of canopy 
cover 

48.6510 

0.4036 
0 .0117 
0 . 0117 

49.0780 

5.3736 
0.01 17 

5.3853 

0.0470 
0 . 0 11 7 

0.0587 

35 . 4939 
0 . 0032 

49.6308 3.3247 ) 35.4972 

0 . 5115 
0. 6315 
0.7499 

1.8929 

8.2411 
0.0428 

8. 2839 

0. 1022 . 
0. 1378 
0.1911 

0. 43 11 

0. so ll 
0.0026 

0.5037 

l. 09 12 
1.4713 
2.0403 

4 . 6028 

5.350 1 
0 . 0278 

5.3779 

~T~o~t~a~l~f~o~r-=a~s~so~c~ia~t~'~·o~n~------~l~-~3238~~6~-~0~8~0~5--~10~0~.0~0~0~0~~9~-~3~6~6~1~~9~9~-~9~9~9~9-
8 Va l ues do not represent actual measurements but result from computing 
fract i ona l value from one p lot of the nine stands sampled . 



Table 5. Correlation coefficients between vegetation characteristics of the association of Atriplex 
confertifolia-Hilaria jamesii. 

Percent of galleta grass 
in canopy cover 

Percent of tota l shrubs 
in canopy cover 

Percent of total succulents 
in canopy cover 

Percent of total perenni al 
f orbs in canopy cover 

Pe rcent of tota l perennial 
grasses in canopy cover 

Percent of total annuals 
in canopy cover 

Percent of total cryptogams 
in canopy cover 

% of 
% of 
total 

% of galleta % of total % of total perennial 
shadsca le grass in shrubs in succulent s forbs in 
in canopy canopy canopy in canopy canopy 
cover cover cover cover cover 

-. 873'"d, 

.998''* -. 873'"' 

.072 -.310 .041 

.125 -. 292 .124 - . 261 

-. 873'"' . 999~dr -. 873'"' -.310 -.292 

. 014 -. 12 8 .056 -. 65 1 .626 

.093 - . 471 .086 .229 .411 

'lr r values g reater than .666 are s i gnificant at .05 level . 
'ld( r values greater than . 79 8 are s i gnificant at .01 level. 

'l'o of 
total 

'l'o of 
total 

perennial annuals 
grasses in 
in canopy canopy 
cover cover 

-.12 8 

-. 47 1 .186 

w 

"" 
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g rowth-forms. A high l y s i gnificant negative corre lation exis ted between 

the cover of shrubs and the perennial grasses. 

The r esults of correlation analysis probably refl ect the impover

i shmen t of the community in terms of numbers of species and volume of 

s pac e occupied by each species. Shadscale was practically the only 

shrub present. The only grass of real importance was ga lleta grass. 

The corre lation analysis was not productive in some respects since it 

only revealed tha t increase in cover of shadsca l e resulted in an 

increase in total shrub cover. Also th e increase of galleta g rass 

resulted in the increase in the total cover of perennial gr asses. 

Soil characteristics. Soil analyses data for samples collected 

from fou r horizons tha t occurred throughout the root zone in nine 

d iff e rent locations were computed and t ested for each soil character 

ind ividually. Variat ion in each soi l character was expected between 

horizons and among locations (Tab l e 6 ). 

Difference in silt content was not s i gnificant amon g locations as 

well as be tween horizons. Di fferences in the amount of exchan g eable 

s o d ium , moisture percentage at saturation, and content of both sand 

and lime, were found significant among locations as well as between 

horizons. 

The pH of saturated soil paste was the only so i l character that 

was si gni f icantly d ifferent among locations but not between hori zons . 

There were signi ficant differences between horizons in the pH of 

a 1 : 5 soil-water suspension, ba se exchange capacity, thickne ss of 

horizon, saturation extract conductivity , one-third atmosphere moisture 

percentage, t otal soluble salts percentage, amount of exchangeable 

po tass ium, and content of each clay (0.002) and clay (0.005). 



Table 6. Analyse s of variance for soil characteristics of four different horizons in nine locations in 
the as soc iation of Atripl ex confertifo li a - Hi laria jarnesii . 

w 
() ... 
~ "" 0 ci C/l 

Location 8 
Hori zon 3 
Error 24 

Table 6. Continued . 
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These data show that differences in soil characters be tween the 

nine locations are relatively minor. Therefore, it may be concluded 

that the nine different locations are homogeneous at least for the soil 

characters investigated in this study. 

Relationships between soil and plant characteristics . A simple 

correlation analysis between 6 characteristics of vegetation and 10 soil 

characterist ics is displayed in each horizon of the soil profile . 

A summary of simple linear correlation coefficients is presented 

in Table 21. 

The total density was n egative l y correlated with the amount of 

exchangeable sodium in the gypsi ferous horizon. The density of shadscale 

was n egativ e ly correlated with the amount of exchangeable potassium and 

base exchange capacity in the surface horizon and with total soluble salts 

in the lime zone. 

Significant positive correlation existed between the total canopy 

cover and lime content in the gypsiferous horizon. Significant negat ive 

correlation occurred between the cover of shadscale and both base 

exchange capacity and amount of exchangeabl e potassium in the surface 

horizon and the total soluble salts in the li me zone. Si gnificant 

positive correlation existed between the cover of shadscale and pH of 

saturated soil paste and saturation extract conductivity in the lime 

zone. 

Significant positive correlations occurred between the cover of 

galleta grass and the amount of exchangeab l e potassium in the surface 

horizon, and the base exchange capacity in both surface and B2 horizons. 

The cover of ga lleta gras s was negatively correlated with the amount 

of exchangeabl e sodium in the gyps i ferous horizon . 
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In general, these da ta indicated that base exchange capacity, 

amount of exchangeable potassium, total soluble salts, pH of saturated 

soi l paste and saturated extract conductivity were correlated with the 

dif ferent vegetation characteristics more than the other soil characters. 

The association of Atriplex nuttallii var. 
nuttallii- Hilaria jamesii (Atripletum nut tallae) 

The stratification of this association is similar to that of t h e 

pr evious one . The v egetat ion is divided into three different strata, 

shrub, herbaceous and moss layers. 

Thi s association is characterized by having a relatively higher 

number (17) of species t han any of the other associations. The shrubs 

are more abundant than other species (Fi gure 6). The general appearance 

of t h is associat i on i s shown in Figure 7 . 

Phytosociolog ical characteristics. As it i s shown in Tab l e 3 

saltbush has the highest frequency, constancy and fide lity in this 

associati on. Gall e ta g rass has also a hi gh frequency and constancy 

but its fidel i ty is lower than that of s hadscale d u e t o its occurrence 

in other communities. 

~temisia spinescens (bud sag ebrush) and Sphaeralcea grossulariae-

folia ( g lobe mallow) have hi gh constancies but low frequencies. Their 

fidelities are lower than the saltbush because of their occurrence in 

o ther communities. 

A tabulation of quantitative data is shown in Tab le 7. The total 

basal cover was 4.59 percent and the total canopy cover was 6 .20 percent. 

Saltbush contri buted 53.5 8 percent of the total basal cover and 54 .31 

percen t of the total canopy cove r. Galleta g rass was rated next to 

sal t bus h having values o f 36.14 perce n t of the tota l basal cover and 

2 8 . 75 percent of the total canopy cover . It also had the h i ghest 
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Table 7. Mean values of vegetation characteristics for nine locations 
of the association of Atriplex nuttallii var . nuttal l ii
Hilaria jamesii. 

Atriplex confertifolia 
Atriplex nuttallii var. 

nuttallii 
Atriplex corrugata 
Gutierrezia sarothrae 
Tetradymia glabrata 
Artemisia spinescens 
Eurotia lanata ------
Eriogonum microthecurn 

Total f or s hrubby plants 

Opuntia polyacantha 

Total f or succulents 

Density 
(No . of 
plants/ 
sq.ft . ) 

0 .0033 

0.0978 
0.0047 
0.0020 
0.0011 
0 . 0 167 
0.0080 
0.0027 

0. 1363 

0.0004 

0.0004 

Aster xylorrhiza 0.0140 
Sphaeralcea grossulariaefolia 0.0100 

Total for perennial forbs 

Hilaria jamesii 
Oryzopsis hymenoides 

0.0240 

0.6511 
0.0 1 4~ 

% Compo 
Total sition 
basal of basal 
cover cover 

0.0367 

2 . 4611 
0 . 08 14 
0.0056 
0.0033 
0.0751 
0.0418 
0.0311 

2.73 6 1 

0 . 0250 

0.0250 

O. On59 
0.0170 

0 .0329 

1.6600 
0.0514 

0. 7990 

53.5837 
1. 7723 
0. 1219 
0 . 0718 
0 . 635 1 
0.9101 
0.6771 

59.5710 

0 . 5443 

0.5443 

0 . 3462 
0.3701 

0 . 7 163 

36 . 1419 
1.1191 

% Campo
Total sition 
canopy of canopy 
cover cover 

0 . 0789 

3 . 3644 
0. 1089 
0.0233 
0 . 0211 
0. 1792 
0.1411 
0.1333 

4.0502 

0.0250 

0.0250 

0.0592 
0.0424 

0 . 1016 

1. 7811 
0.0944 

1. 2436 

54.3074 
1.7578 
0.3761 
0.3406 
2.8926 
2. 2776 
2.1517 

65 . 3774 

0.4035 

0.4035 

0.9556 
0.6844 

1 .6400 

28.7501 
1. 5238 

Total for perennial grasses 0.6653 1.7 114 37.26 10 1 .8755 30.2739 

Eriogon~ inflatum 
Ma l colmia africana 
Bromus tectorum 

Total for annuals 

Mosses 
Lichens 

Tota l for cryptogams 

Total for association 

0.0553 
0.00 16 
0 . 0038 

0 .0607 

0.0000 
0.0000 

0 . 0000 

0.8867 

0.0462 
0.0011 
0.0011 

0.0484 

0.0389 
0 . 0003 

0 .0392 

4.5930 

1. 0059 
0.0239 
0 . 0239 

1.0537 

0 . 8469 
0 . 0065 

0.8534 

99.9997 

0.0944 
0.0033 
0.0059 

0 . 1036 

0 . 0389 
0.0003 

0.0392 

6 .1951 

1. 5238 
0 . 0533 
0 . 0952 

1. 6723 

0 . 6279 
0 . 0048 

0.6327 

99.9998 
8

Values do not r e present actual measurements but result from computing 
fractional value from one plot of t he nine stands sampl ed . 



density value (0. 65) in this a ssoc i ation. These two speci es contri

buted 89.73 percent o f the to tal ba sal cover and 83 .06 percent of the 

tota l canopy cover in average . Bo th bud sagebrush and g l obe ma ll ow 

contributed 1 .64 percent of the total basa l cover and 4 .32 percent of 

the total canopy cove r. In general, perennial f orbs, annuals, succu

l ents and cryptogams contribut ed lower values than the perennial 

grasses and shrubby vege tation (Tabl e 7). 
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Re lationships between vegetation characteristics. Table 8 shows 

a summary of simple correlation coeff icient s between the percent cover 

contributed by two prominent species as well as the different growth

forms. 

Si gnificant negative correlat i ons occurred between perennial 

grasses and each of shrubs and annual s . The shrubs were positive l y 

correlated with annuals . Thes e re l ationships revealed that the 

presence of shrubs was reduced by the cover of perennial grasses but 

increases the cover of annual s . 

A s i gni f icant posi t ive correlation between galleta grass and the 

tota l perennial grasses. This r e l ationship was expected since ga lleta 

grass was the only important perennial grass. However, such r e lation

ship d i d occur between the saltbush and the total shrub cover because 

of the pr esence of other shrub s pecies. 

Soil characteri stics. Analyses of variance for the various s oil 

characters obtained from three d i fferent horizons in nine locations 

are presented in Tab le 9. 

Di ffe rences in each of t he amount exchangeable sod ium and lime 

content were found to be not s i gnificant among locations as we ll a s 

between horizons . 



Tab l e 8 . Corre lation coefficients between vegetat i o n characteristics of th e associat ion of Atripl ex 
nuttal lii var . nuttallii- Hilaria james ii . 

% of 
% of gal leta % of total 
sa ltbush g rass in shr ubs in 
in canopy canopy canopy 
cover cover cover 

Pe rce nt of ga lleta grass 
in canopy cover -. 6 14 

Percent of total shrubs 
in canopy cove r .586 - . 884*'' 

Pe rcent of total s ucculents 
in canopy cover -. 020 .1 87 - .239 

Percent of total perennial 
forbs in canopy cove r . 265 -. 6671' .359 

Percent of total perenn ial 
gra sses in canopy cover -.610 . 9 79>«, - . 943'«' 

Percent of tota l annuals 
in canopy cove r . 568 - . 8211'* . 6881' 

Percent of total crypt o ga ms 
in canopy cover - . 273 .2 89 - .412 

1
' r values greater than . 666 are s i gni f icant at .05 leve l. 

... ·d~ r va lues g r ea ter than . 79 8 are si gnificant at . 01 level. 

% of fo o f fo of 
t otal total total 

to of total perennial perennial annuals 
succulents forbs in g rasses in 
in canopy c anopy in canopy canopy 
cover cov e r COVP r cove r 

- .3 77 

.1 57 .522 

-.108 .38 1 -. 841'"""' 

.350 -. 39 6 .253 .0 15 

"' "' 



Table 9. Analyses of variance for soil characteristics of three different horizons in nine locations in 
the association of Atriplex nuttallii var. nuttallii- Hilaria jamesii. 
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Differences in silt content and exchangeable sodium percentage 

were significant among locations but not between the various horizons. 

Differences in base exchange capacity, and content of sand , clay 

(0 . 002 ) and clay (0.005) were s i gni ficant among loca t i ons as we ll as 

between horizons. 

A large number of soil characters were significantl y different 

between horizons but not among l ocations. These soil characters were 

the pH of saturated so il paste , pH of a 1:5 so il-water suspension , the 

th ickness of horizons , amount of exchangeab l e potassium, tota l soluble 

sal t s percentage , one-third atmosphere moisture p ercentage a n d 

saturation extract conductivity . 

These da ta s how tha t six ou t of s i xteen soil characters are 

signi ficantly differ ent between locations. Therefore , it i s likely 

assumed that the nine different locations which are sampl ed for this 

association are not heterogen eous in most of t heir soil charac t ers . 

Relationships between plant and soil characteristics. Var ious 

s oil characteristics obtained from each of the three d i fferent horizons 

t h at occurred throughout the root zone were corre lated with different 

vege t at ion charac t eristics to determine thei r re l ationships. A s ummary 

of s i mple l inear correlation c oeff icient s is present ed in Tab l e 22. 

To t al density wa s positively corre lat ed with the amount of ex

changeable potassium in the gypsiferous horizons . Th e dens ity of 

sa ltbush showed pos itive correlat i on with both base exchange capac i ty 

a n d saturated extract conduc tivi ty in the gyps i fe rou s horizon , and 

with the amount of exchangeable potassium in the shal e horizon . This 

density also showed a significant negative corre lati on with the pH of 

a 1:5 soil-water suspens i on obtained from the gypsif e r ous hori zon. 
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The total canopy cover was positively corr e lated with the base 

exchange capacity i n the g yps i ferous horizon and with the total so luble 

salts in the shale horizon. A hi ghly significant negative correlation 

existed between the cover of saltbush and pH o f saturated soil paste 

obtained from gypsiferous horizon. A significant negative correlation 

occurred between the cover of ga lleta grass and lime content in each of 

the three horizons as well as the amount of exchangeable potassium in 

the shale horizon. 

Th ese data showed t hat lime content, base exchan ge capacity , 

saturat e d extract conductivity, pH of saturated soil paste, p H of a 1:5 

soil - water suspens ion, tota l soluble sa lt s and the amount of exchange-

ab l e potassium affected the vegetation characterist ic s of this community 

more than the other soil characters investigated . 

The association of Atriplex nuttallii var . 
gardneri-Aster xylorrhiza (Atripletum gardnerae) 

Th e s tratification of this association differs from the other 

three communities in that only two strata occur, the shrub and the 

herbaceous layer. Neith er moss nor succul ent plants occur in t hi s 

association (Fi gure 8). 

Fi gure 6 shows that 13 species occur in this association with 

shrubs having the highest number. 

Phytosociological characteristics. Table 3 shows that sa lt sage 

has th e hi ghest frequency, constancy, and fide lity in this a ssociation. 

Wood y aste r has a rather high frequency a n d constancy but its fide lity 

is lowe r than that of saltsage because of its occurrence in other 

communiti es. The bud sagebrush and Eriog onum inflatum (desert trumpet) 

have hi gh constancies but low fr e quencies. Their f i del iti es are lower 

than the saltsage because of their occurrence in other species . 
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A tabulation of quantitative data is presented in Table 10. The 

total basal cover was 3.22 percent and the total canopy cover was 6.21 

percent. Saltsage contributed 74.90 percent of the total basal cover, 

and 65.72 percent of the total canopy cover. It also had the highest 

density value (0.25) in this association. Woody aster composed 6.73 

percent of the total basal cover and 11.20 percent of the total canopy 

cover. These two species contributed 81.63 percent of the total basal 

cover and 76.92 percent of the total canopy cover. 

Bud sagebrush composed 4.55 percent of the total basal cover and 

7.34 percent of the total canopy cover. Desert trumpet contributed 

4.02 percent of the total basal cover and 6.57 percent of the total 

canopy cover. 

The perennial grasses and annuals contributed lower values of 

density, canopy cover and basal cover than the perennial forbs and 

shrubs. 

Relationships between vegetation characteristics. Table 11 shows 

a summary of simple correlation coefficients between the percent cover 

composition of the prominent species as well as the different growth

forms. A significant negative relationship occurred between annuals 

and the shrubs. Therefore, the presence of shrubs decreased the cover 

of annuals. 

The significant positive correlation between the saltsage and the 

total shrub cover could be explained by the fact that the saltsage was 

the most important shrubby species. The same relationship occurred 

between the woody aster and the total perennial forbs. The woody aster 

was the most abundant perennial forb . 
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Table 10. Mean values of vegetation characterist ics for nine locations 
of the association of Atriplex nuttallii var. gardneri-Aster 
xy lorrhi za. 

Species 

Atriplex nutta lli i var. 

Density8 

(no. of 
plants/ 
sq . ft. ) 

Total 
basal 
cover 

nuttallii 0.00 18 0.0311 
Atriplex nuttallii var. 

gardneri 
Atriplex corrugata 
Artemisia spi nescens 
~ lanata 
Eriogonum microthecum 

Tota l for shrubby plant s 

0 . 2456 
0 . 0007 
0.0636 
0.0047 
0 . 023 1 

0 . 3395 

Aster xy l orrhi za 0. 2322 
Sphaerolcea grossulariaefolia 0.0024 

Total for perennial £orbs 

~~ 
Oryzopsis hymenoides 

0 . 2346 

0.0 153 
0 . 0042 

2 . 4133 
0 . 0570 
0.1467 
0.0078 
0.0278 

2 .6837 

0.2167 
0 . 00 13 

0 . 2180 

0.1844 
0 . 005 1 

Total for perennial grasses 0 . 0 195 0.1895 

Eriogonum inflatum 
Ma lcolmia africana 
Br omus tectorum 

Total for annuals 

Total for association 

0.0958 
0.0002 
0.0007 

0.0967 

0 . 6903 

0. 1296 
0.0000 
0.0011 

0 .1 307 

3 . 2219 

% Compo-
sition of Total 
basal canopy 
cover cover 

0 . 9653 0 .0589 

74 . 9030 
1. 7691 
4.5532 
0 .2421 
0.8628 

83 .2955 

6 . 7258 
0.0403 

6.7661 

5.7233 
0. 1583 

4 . 0811 
0 .0656 
0.4556 
0.0367 
0.0889 

4 . 7868 

0 . 6956 
0 . 0289 

o. 7245 

0.2700 
0 .01 14 

5.8816 0.28 14 

4.0225 
o.oooo 
0 .0341 

4.0566 

99 . 9998 

0.4078 
0.0003 
0.0089 

0 . 4170 

6.2097 

% Compo
sition 
of canopy 
cover 

0.9485 

65.7214 
1. 0564 
7. 3369 
0 .59 10 
l. 4316 

77.0858 

11 .2018 
0.4654 

11. 6672 

4.3480 
0 . 1836 

4.5316 

6.567 1 
0 .0048 
0. 1433 

6. 7152 

99 . 9998 
avalues do not r epresent actua l measurements but result from computing 

f ractional value from one p l ot of the nine stands samp l ed . 



Table 11. Correlation coefficients between vegetation characteristics of the association of Atriplex 
nuttallii var . gardneri-Aster xylorrhiza4 

'7. of 
% of woody % of total 
salt sage aster shrubs in 
in canopy in canopy canopy 
cover cover cover 

Percent of woody aster 
in canopy cover -.43 1 

Percent of total shrubs 
in canopy cover . 769'' -.384 

Percent of total perennial 
forbs in canopy cover -. 457 . 981'"'' -.378 

Percent of total perennia l 
grasses in canopy cover - . 185 -.614 -. 366 

Percent of tota l annuals 
in canopy cover - . 778'"' .462 -979'''' 

-1: r values greater than .666 are s i gnificant at .05 l eve l. 
1dr r values greater than .798 are significant at .01 l eve l . 

'7. of '7. of 
total total 
perennial perennial 
forbs in grasses 
canopy in canopy 
cover cover 

-.573 

.443 .202 
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Soil characteristics. Analyses of variance for soil characteris

tics of three different horizons in nine locations are presented in 

Table 12. 

Differences in each of the pH of saturated soil paste, moisture 

percentage at saturation, and the content of sand and silt were not 

significant among locations as well as betw~en horizons. 

The amount of exchangeable potassium, clay (0.005) content, and 

base exchange capacity is found to be significantly different among 

locations as well as between horizons. However, di fferences in lime 

content were significant among locations but not between hori zons. 

There were significant differences between horizons but not among 

locations in the following soil characters: pH of a 1:5 soil-water 

suspension, thickness of horizons, the amount and percentage of exchange• 

able sodium, total soluble salt percentage, one-third atmosphere moisture 

percentage, clay (0.002) content, and saturation extract conductivity. 

Table 12 shows that four out of sixteen s oi l characters were 

significantly different among locations. Therefore, soil dominated 

by this association are likely to be similar. 

Re lationships between soil and plant characteristics. A summary 

of simple linear correlation between the plant and soil characteristics 

is presented in Table 23. 

The total density is negatively associated with moisture percentage 

at saturation in the bottom shale ( R2) horizon. The total basal cover 

was significantly correlated with the base exchange capacity of the 

bottom shale (R2) horizon. Also a significantly positive correlation 

existed between the total canopy cover and the amount of exchangeable 



Table 12. Analyses of variance for soil characteristics of three d iff erent h orizons in nine locations i n 
the associat i on of Atriplex nutta llii var. gardneri -Aster ~orrhiza. 
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potassium in the s ur face horizon as well as th e base exchange capac ity 

and th e amount of exchangeable sodium in the bottom sha l e (R2) hori zon. 

The canopy cover of sa lt sage showed a significant positive corre 

lation with moistur e percent at saturation in the surface horizon and 

also with lime content in the upper shale (Rl) horizon . The cover of 

sa ltsage was negatively correlated with the one-third atmosphere 

moisture percentage in the s hal e (Rl) horizon. The cover of woody 

aster s howed a si gnificant negative correlation with the one-third 

atmosphere percentage obtained from the surface horizon . 

These data showed that soil moisture constants, a mount of exchange 

able potassium , amount o f exchangeable s od ium, base exchange capacity 

a nd lime content are corre lat ed with the v egeta tion character istics of 

thi s association. 

The community of Atriplex corrugata 

On the basis of h e i g ht s of the various growth-forms, the v ege tation 

was d i vided into three strata, the s hrub, herbaceous and moss layers. 

F i gur e 6 shows the 11 d i fferent spec i es occur in this association, 

with the annuals bei n g more abundant than other species . This associa

tion has no succu lent plants. The general appearance of this community 

is shown in Figure 2. 

Phytosociological characteri st ics. Table 3 shows that mat salt 

bush the prominent species in this association , has the hi ghest 

frequency, c onstancy and fide lity . Both wood y aster and desert trump e t 

have hi gh constancy but low frequency. The ir f idelities are lowe r than 

mat sa lt bush because of their occurrence in other communitie s . 

The tota l basal cover was 8 . 85 percent and the total canopy cover 

was 1 1 .1 5 percent in average . Hat sa ltbush contributed 98 . 65 percent 
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of the tota l basa l cover and 95 .63 percent of the to ta l canopy cover . 

This species also had the h i ghest density va lue (0.26) in t his a s socia

tion. Th e perennial forbs and gras s es, t h e annuals, and cryptogams 

contribute an average of 1.25 percent of the basal cover and an average 

of 3 . 84 percent of canopy cover (Table 13) . 

Relationships between vegetation characteristics . Table 14 shows 

a s ummary of simple linear correlation coefficients between the percent 

cover contributed by the d i fferent growth-forms as well as mat saltbush. 

A sign i f icant positive correlation occurred between mat saltbush and 

total shrubs. A si gnificant nega tive correlation existed between mat 

saltbush and each of the perennial g rasses, cryptogams, and annuals. 

The shrub cover was negatively correlated with each of the 

perennial g rasses , annuals, and cryptogams. A s i gnificant positive 

correlation existed between the annuals and each of the cryptogams and 

perennial grasses. Si mi lar relationships reveal that : (1) the presence 

of the shrubs decreased the cover of perennial grasses, annuals, and 

cryptogams and (2) the perennial g rasses , annuals and cryptogams were 

associated with each oth er . 

Soil characteristics. Analyses of variance for the soil character

is tics of five diff e rent horizons in nine locations are presented in 

Table 15. 

Differences in base exchange capacity and bo t h content of lime and 

silt were significant among locations but not between the various 

hori zons. 

There were si gnificant differences among locations as well as 

between hor izons in reg ard to t h e pH of saturated paste, pH of a 1:5 

soil-water suspensi on, amount o f exchangeable potassium , total soluble 
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Tab le 13. Mean values of vegetation characteristics from nine locations 
of the community o f Atr i plex corrugata 

Species 

Atriplex £9Yrugata 
Artemisia spinescens 
Eurotia lanata 

Total for shrubby plants 

Aster xylorrhiza 

Total for perennial forbs 

Oryzopsis hyrnenoides 

Densitya 
(no. of 
plants/ 
sg . ft.) 

0.2598 
0.0056 
0.003 1 

0.2685 

0.0153 

0 . 0153 

0.0004 

Total 
basal 
cover 

8 . 7289 
0.0056 
0.0037 

8. 7382 

0.0326 

0.0326 

0.0000 

Total for perennial grasses 0.0004 0.0000 

Salsola kali var . tinuifolia 
Eriogonum inflatum 
Malcolmia africana 
Bromus tectorum 
~go tweedy i 

Total for annual herbs 

Mosses 

Total for cryptog ams 

0 .OOll 
0.0667 
0.0.044 
0.0002 
0.0004 

0 .0728 

0.0000 

o.oooo 

0.0000 
0.0462 
0.0037 
0 .0003 
o.oooo 

0.0502 

0 . 0278 

0 . 0278 

% Compo
sition 
of basal 
cover 

98.6450 
0.0633 
0.0418 

98 . 7501 

0.3684 

0 . 3684 

o.oooo 

0.0000 

o.oooo 
0.5221 
0.0418 
0.0034 
o.oooo 

0.5673 

0. 3142 

0.3 142 

Tota l 
canopy 
cover 

10.6678 
0 . 0478 
0.0111 

10.7267 

0.1078 

0 . 107 8 

0.00 14 

0.00 14 

0 .00 11 
0.2656 
0.0233 
O.OOll 
o.oooo 

0 . 2911 

0.0278 

0.0278 

% Compo
sition 
of canopy 
cover 

95.6342 
0.4285 
0.0995 

96.1622 

0.9664 

0.9664 

0.0126 

0.0126 

0 . 0099 
2.3810 
0 . 2089 
0.0099 
0 .0000 

2.6097 

0.2492 

0.2492 

Tota l for community 0 .3 570 8.8488 100.0000 11.1548 100 .0001 

~alues do not represent actual measurements but result from computing 
fractional value from one plot of the nine stands sampled. 



Table 14. Correlation coefficients between the vegetation characteristics of the community of Atriplex 
corrugata obtained from nine d i f f e rent loca t ions. 

Perce nt of total shrubs 
in canopy cover 

Percent of total perennial 
forbs in canopy cover 

Percent of total perennia l 
grass e s in canopy cover 

Percent of total annuals 
in canopy cover 

Percent of total cryptogams 

% of mat 
saltbush 
in canopy 
cover 

.974>h"< 

-. 6 4 1 

- . 865'""' 

-. 838>h"< 

'7o of total 
shrubs in 
canopy 
cover 

-.503 

-.921~""' 

- . 922~""' 

% of 
total 
perennia l 
forbs in 
canopy 
cover 

.343 

. 135 

- .684'' 
in canopy cover ·--------------------------- --------------------------------.0003 -. 819'""' 

i: r values great e r than . 666 are si gnificant at the .OS level . 
''* r values greater than . 798 are si gnificant at the .01 level . 

% of % of 
total total 
perennial annuals 
grasses in i n 
canopy canopy 
cover cover 

.881'""' 

.912'"' .9 14~""' 

V> .._, 



Tab l e 15 . Anal yses of variance for s o il characteris t ic s of five different horizons in nine locations in 
the assoc iation of Atr i plex corrugata. 
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sa lt pe rcentage, saturation moisture percentage, and one-third 

a tmosphere percentage. 
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Di ffe rences in the amount and percentage of sod i um , thicknes s of 

horizons , saturation extract conductivity , and the content of sand and 

clay were signi ficant between horizons but not amon g l ocations. 

Nine of sixteen soi l characters were significant l y different 

between locations. This might be e xplained by the fact that so i ls 

under th i s community were developed on the alluvial outwash from the 

other three associations. 

Re l ationship be t ween soil and plant characteristics. In this 

associ a tion vegetat i on characteristic s showed a few si gnificant 

correlations with soil characters obtained from the five horizons that 

occurred throughou t t he root penetrati on. 

A summary of s i mple l inear corre l ation coeffic i ents is presented 

in Table 24. 

Si gnif i cant nega tive correlations occurred between the total 

density and each of the lime conten t and pH of a 1 : 5 soil-water sus

pension obtained from the salt layer (Csa) . 

The total basal cove r showed s i gnificant pos i t i ve cor relations 

with t he pH of sa t urated so i l paste in both t h e sur fac e a n d sha l e ( R) 

horizons as we ll as the amount of exchangeab l e sodi um in t he s u rface 

horizon. A si gnificant positive correlation occurred between the total 

canopy cover and pH saturated soi l paste i n both the surface and s ha l e 

(R) horizons. But si gnificant negative corre l at i on occur red between 

the t o tal canopy cover and the pH of a 1 : 5 soi l -water in the salt l ayer 

(Csa) . 

The cover of mat saltbush showed s i gnificant negative corre l ation 

with one-third atmosphere mo i sture p ercentage in the salt layer (Csa). 
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These data show that pH of saturat ed soi l paste, pH of a 1 : 5 s oil-water 

s u s pension, one-third atmosphere moisture percentage, lime content, and 

the amount of exchangeable sodium influence the d i fferent vegetation 

c haracteristics in this association. 

Comparison Between Soil Character istic s of 
the Different Communities 

The four plant communities are not only d i stinctly differ ent in 

th ei r floristic compos i t i on but also i n their soil characteristics. 

The descriptions of the soi l profiles reveal that : (1) the number of 

horizons varies between the different communities, (2) some, but not 

all, of the horizons are simi l ar in their origin and development . 

Analyses of variance were computed for t he average values of each 

of the so il charac teristics obtained from the enti re soil profile in 

nine locat ions in each of the four plant communities. Also analyses 

of variance were computed for the diff e rent soil characters obtained 

from surface horizon which is the only comparable hor i zon between t he 

four di ffe rent communities . 

Analyses of variance were also computed for the different soi l 

characters obtained from the comparab l e horizons in the d i fferent 

communities . 

Comparison between the four communities 

pepth of soil profile. The depth of so il profi l e vari ed wide ly 

among the four d i fferen t communities ( F i gure 4). An analysis of 

var i ance s howe d that differences in the depth of so il profiles were 

highly signi fi cant between the four communities (Table 16) . 
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The thickness of the surface horizon also differed between the 

d i ff erent communities and this difference was hi ghly s i gnificant 

(Table 17). 
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Soils under the community of mat saltbush had the deepest soil 

profile with 58 inches average. The association of shadscale-gal l eta 

grass, the association of saltsage -woody aster and the association of 

saltbush- galleta grass followed in decreasing depth with 50, 43 and 36 

i nches, respectively (Figure 4) . 

pH of saturated soil paste. An analysis of var iance showed that 

di f fer e nces in mean values of pH (paste) were significant between 

communities (Table 16) . There was also a highly significant difference 

in pH (paste) between the surface horizons of the four communities 

(Table 17 ) . 

An increase in pH (paste) with soil depth was evident in the 

association of shadscale- galleta grass as well as the association of 

salts a ge -woody aster (Table 18) . 

A similar increase in the values of pH ( paste ) with soil depth was 

also noted in the community of mat saltbush except for the shale ( R) 

horizon which showed a reverse relationship (Tab l e 18) probably because 

of the lower value of the total soluble sa l t percentage in the shale 

horizon than that of the salt layer (Csa ) . However , so il s under the 

association of saltsage -woody aster had their lowest pH (paste ) in the 

gyp s iferous horizons (Table 18) . 

pH of a 1 : 5 so i l-water suspension . The variat i on in pH (1:5 ) 

among t he diff e rent horizons in e ach association was sli ght l y more than 

t hat of pH (paste). 
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Table 18. Mean values for soil characteristics of the different horizons in nine locations of each of the 
four plant commun ities. 
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Table 18. Continued. 
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A highly significant d ifference in pH (1:5) existed between the 

four communities (Table 16). There was also significant differences in 

pH (1:5) between the surface horizons of the four communities (Table 17). 

Base exchange capacity; mi ll iequivalents per 100 grams soil. An 

analysis of variance showed that the mean values of base exchange 

capacity for the soil profiles were highly significant between t he four 

communities (Table 16) . Also highly significant differences occurred 

in the base exchange capacity of the surface horizons of the four 

communities (Table 17). 

Exchangeable potassium; mil li equivalents per 100 grams soil. An 

analysis of variance for the mean values of potassium content of the 

entire soil profile showed that significant differenc e occurred between 

the four communities (Table 16). 

Differences in the amount of exchangeable potassium between the 

s ur face horizons of the different communities were also highly 

s i gnif icant (Table 17). 

In the association of saltbush-galleta grass as well as the 

association of saltsage- woody aster, the amount of exchangeable potassium 

decreased with depth (Tabl e 18). This tendency also occurred in the 

community of mat saltbush except for salt horizon (Csa) which showed a 

reverse relationship (Tabl e 18) . 

In the association of shadscale-gal l eta grass the surface horizon 

had a s li ghtly lower value than the B2 horizon , then a decrease in the 

amount of exchangeab le potassium occurred with increasing so il depth 

(Table 18). 

Soils under the association of shadscale-galleta grass had the 

highest mean value for exchangeable potassium with 0 .56 milliequivalents 



67 

per 100 grams soil. The association of saltsage-woody aster, the associa

tion of saltbush-gal l eta grass and the community of mat saltbush followed 

in decreas ing amounts with 0.55, 0.42, and 0.41 milliequivalents per 

100 grams soil, respectively (Table 18). 

Exchangeable sodium ; millequivalents per 100 grams soil and 

exchangeable sodium percentage . Variability in both of the percentage 

and amount of exchangeable sodium among soils under the different 

plant communities is shown in Table 18. The means for both amount and 

percentage of exchangeable sodium obtained from the entire soil profiles 

were highly significantly d i fferen t between the four communities (Table 

16). 

There was also significant difference in the amount of exchangeable 

sodium in the surface horizons between communities (Table 17). 

In general, the amount of exchangeable sodium increased with depth 

in the association of saltbush-galleta grass as well as saltsage-woody 

aster. The same tendency occurred in the association of shadscale

galleta grass, except the gyps iferous horizon which showed the reverse 

relationship . 

An increase in the amount of exchangeab l e sodium with depth 

occurred in the community of mat saltbush . But a reverse relationship 

occurred in the salt l ayer (Csa) and the shale (R) hor izons because of 

their lower content of c l ay. 

Soils under the community of mat saltbush averaged 8.73 milli

equivalents of exchangeable sodium per 100 grams of soil which was the 

highest amount that occurred in any of the four communities. The 

association of shadscale- galleta gras s , the association of saltbush

ga lleta grass and the association of saltsage-woody aster followed in 



decreas ing a mount with 0 . 79 , 0.73 and 0.40 rni lli equivalents per 100 

grams soi l) respectively. 
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Tota l soluble sa lt percentage . The total soluble sa lt content of 

soi ls varied widely between the different communities (Table 18). 

Diff erences in the mean va lues of total soluble salt contents were 

hi ghly significant between soils under the four communities (Table 16). 

The content of total soluble sa lt s in the s urfac e horizon d iffered 

between the different communities and this d ifference was also highly 

s i gnificant ( Tab le 17) . 

The content of total so l uble sa lts increased with soil depth in 

the association of shadsca l e - ga lleta grass and the association of salt 

sage-woody aster. In genera l, this tendency of salt to accumulate in 

the deeper horizons occurred in soils dominated by the connnunit i es of 

mat sa ltbush except for the shale (R) horizon which ha d less so lub l e 

sa l t content than the salt layer. In the association of saltbush

ga lleta grass the gypsiferous horizon had s li ghtly less so luble salt 

content than the surface horizon as well as the sha l e ( R) horizon. 

Th is pattern of distribution for total soluble sal t was similar 

to that of pH of saturated soi l paste (Table 18 ) . This was expected 

since the presence of soluble salts in saline or saline-alkali soi l s 

affects the pH values. 

Soils under the community of mat saltbush had the highest mean 

value for total soluble salts with 1.53 percent. The associat i on of 

sa lt sage -woody aster, the association of saltbush - gall eta grass and the 

association of shadscale-galleta grass fo llowed in decreasing amounts 

with 0.23 , 0.17 and 0.13 percent, respective l y. 
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Saturation extract conductivity; millimhos per cubic centimeter. 

The mean values for saturation extract conductivi t y for so il profi l es 

showed considerable v ariability between the four different communiti es 

(Tab l e 18) . 

Analyses of variance for the sa turation extrac t conductivi ty 

obtained f rom the surface horizon as well as the mean values for the 

enti r e s oil profile showed that significant differences occurred 

between the d if fer ent communiti es (Tab l e 16 and 17). 

The saturation extract conductivity increased with soil dep th f or 

the association of saltbush- ga lleta grass as we ll as the association 

of sal t sage-\voody aster. The same relationships occurred in the 

association of shadsca l e-ga lleta gra ss except for the surface horizon 

which had a higher value than B2 horizon. In the community o f mat 

sa ltbush the saturation extract conductivity increased with depth 

excep t for the bottom horizon (Dr) which showed a reverse r e lationship. 

One- third atmosphere mo i s ture percent a ge and saturation moisture 

percentage . The va l ues for both mo i s ture constants obtained from the 

s ur face horizon widely differed between the different communities 

(Tabl e 18) and these di fferenc e s were high ly significant (Table 17) . 

Al s o the mean values obtained from the ent i re so il profile for these 

moi sture constants were significantly d i fferent between s oils dom i nated 

by the d i f ferent communities (Table 16). 

Soils under the community of mat sa l tbush had the hi ghes t va l ues 

f or both moisture constants. The associa tion of saltbush- galleta grass, 

the assoc iation of s alt s a ge -woody aster and t he association of s hadscale

ga lleta g rass followed in decreas ing values, respectively . 
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Lime percentage. The soils of the shadsca l e zone in southeastern 

Utah are calcareous. Because of low precipitation rates and limited 

l eaching , the lime content of these soi l s is relatively high . 

Analyses of variance fo r lime content in the surface horizon as 

well as the average values for the ent ire soil profile showed that no 

si gnificant differences occurred between the different communities 

(Tables 16 and 17) 

Sand content. The d iff erences in sand content in the surface 

horizon as well as for the entire so il profile were significant 

between the four communities (Tables 16, 17 and 18). 

Soil under the association of shadscale-galleta grass had the 

highest sand content followed in decreasing order by the association of 

saltbush-galleta grass and the community of mat saltbush and the 

association of saltsage-woody aster, respectively (Table 18). 

This variation like ly results from the fact the soils of these 

communities developed from parent materia ls of d ifferent origin. 

Silt content . The difference in silt content in the surface 

horizon as well as f or the entire soil profile were significant 

between the four communities (Tabl es 16 , 17 and 18). 

The association of saltsage-woody aster had the highest si lt 

content followed in decreasing ord er by the community of mat saltbush, 

the association of saltbush-galleta grass and the association of 

shadscale- ga lleta grass, respectively (Tab le 18). 

Clay content . The content of both clay (0.002) and clay (0.005) 

in the surface horizon were significantly different between communities 

(Table 16) . 

Soils under the community of mat saltbush had the highest clay 
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content f ol lowed in decreasing order by the associat ion of saltsage-

woody aster, the association o f saltbush - galleta grass and the associa-

tion of shadscale - ga lleta grass , respectively (Table 18) . 

Comparisons between t he gyps iferous h orizons 
in t he association of shadscale-galleta grass 
and the association of saltbush - gal l eta grass 

It is believed that the gypsiferous horizon that occurs in both 

of these associat i ons is developed from the same parent material . 

This horizon is deeper under the association of shadscale- g a lleta 

g rass Lhan under the association of saltbush - ga lleta grass. Therefore, 

it is subjected to less weathering. 

Sign ificant differences between the two associations occurred in 

t hickness of hor i z on, pH of saturated soi l paste , pH of a 1 : 5 soil-

water s us pension, the percentage and amount of exc h a ngeab l e sodium , 

total soluble salts, saturat ion extract conductivity, percentage 

mo isture at saturati on, one-third atmosphere moisture percentage, and 

sand and clay (0.002) contents (Table 19). However , differences in 

base exchange capa city, amount of exchang eable po tass i um, and lime , 

silt, c lay (0.005) contents were found to be not si gn i ficant between 

these two associat ions (Table 19 ) . Since eleven out of s i xteen soil 

characters of the gypsiferous horizon were diff erent between the three 

associations , it could be concluded that t h ese assoc iates were two 

separate entities . 

Comparison between the bottom shale hor i zon 
in the association o f shadscale- g a lleta grass , 
the association of saltsage-woody aster a n d 
the community of mat saltbush. 

The bottom shale horizon in each of these assoc i ations orig i nated 

from Mancos marine s hale. The depth of th is horizon varies between the 



Table 19. Analysis of variance for the various soil characteristics of the gypsiferous horizon in nine 
locations of both the communiti es of Atriplex confertifolia-Hilaria jamesii and Atriplex 
nuttal l ii var . nuttallii-Hi l ar i a jamesii. 
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three communities (Figure 4). Significant differences in all soil 

characters were fo und between these three communities ( Tab l e 20). 

These data show that three communities are distinctly different 

in their bottom shale horizon. 

Habitat pattern 

Habitat Patt erns and Their 
Directional Changes 

73 

The detection of discontinuity and continuity in a g iven population 

poses a major methodo logy problem in biological research particularly 

in the field of ecology. Dansureau (1957) emphasized discontinuity 

between individual stands of vegetation. On the other hand, Gleason 

(1939 ) and Cain (1947) expressed their doubt that an association might 

exist as a real entity over any considerable area. They considered that 

the plant communi ty had an individual nature and that it was a result 

of coincidence of interaction of environmental factors with its speCies. 

Curti s and Mcintosh (195 1) and Brown and Curtis (1952), using the 

individualis tic concept as a start ing point, had developed the concept 

of continuum which involves gradual variation from one stand to another. 

If variation is continuous, c lassif ication must ultimately depend 

on subject ive judgement (as does all biological c l assification) . 

However, under natural conditions there is a tendency for entities to 

be clustered in a mu lti dimen s ional system ( Gr ieg-Smith , 1957). 

A climax f ormation of vegetation has an evolutionary hi story . 

Every climax fonnation consists of few to many subdivisions that may 

be termed associations, each of which is characterized by one or mor e 

obvious species (Weaver and Clements, 193 8 ). While the formation is 

reco gnized on the basis of physiognomy of the more prominent species , 



Ta ble 20. Analy ses of variance for the various soil characteristics of the bottom s hale horizon in nine 
locations of each of the Atr i p l ex confertifo l ia-Hilaria jamesii ; Atriplex nuttallii var. 
nuttallii-Hi laria jamesii; and Atriplex c~rrugata communit i es. 
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plant communities are classified on the basis of phytosociologic 

characteristics. The climax species characterize the community and 

ind icate the probable or actual presence of other associated species 

(Clements, 1920). 
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In the Zurich-Montpellier (Braun- Blanquet, 1932) concept of 

vegetation classification, floristic composition is recognized first 

and then almost exclusive emphasis i s placed upon it, assuming that a 

certa in association is a result of the b iolog ical-pedolog ical climatic 

factors i nvolved in a g iven habitat. The classification used by the 

Zurich-Montpellier school does have the merit of developing and 

stratifying g iven geobotanical areas into recognized vegetation units . 

Reeking (1957, p . 474) favors the floristic classification of 

association if it is based strictly upon the greatest floristic 

affinity . He writes, "Once an effect ive statistical check has been 

found for species fidelity and floristic affinity, the floristic classi

fication of vegetat i on units , based upon statis ti cal standards, may 

prove to be most satisfactory." 

The classification of the salt - desert shrubs is tied up with the 

concept of the objective reality of the association over a large area. 

The statistical da t a on frequency in Table 3 show that no two locations 

(stands) within a given comnunity are identically the same . On the 

other hand , the comparison of these data between the different communi

ties indicates that there is a distinct difference in floristic compo

s ition g reater than variation within a g iven community. 

Each of the four different communi ties shmvs a definite recurrence 

which is evidence of a unique entity . Di scontinuity between communities 

is not only floristic but also edaph ic . A transitional zone whether 



s harp or broad is not part of the communities contributing to its 

e xistence but rather a product of both. It is not recognized as a 

stable unit of vegetation because of the lack of its recurrence as 

well as lack of homogeneity. The overlap or transitional zone of 

vegetation corresponds to the integration of the different edaphic 

conditions . 

Directional changes between the four 
different communities 

Since edaphic conditions varied to a greater or lesser degree 

within the study area d i fferent habitats are formed and become 

man i fes t as a mosaic of vegetation ( F i gure 9). 

Figure 10 illustrates the syndynamic relations between the 
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different communities. Syngenetical pattern is based on retrogressional 

changes that have occurred as a result of soil erosion process that had 

been active during recent geo l ogic time. These relationships can be 

explained as follows: The association of shadsca l e-galleta grass is 

regarded as the climax for the shadscale zone in the st udy area. It 

dominates the three levels of the pediment remnants where soil remains 

more fully developed than are the so ils associated with the other 

three communities . As it is shown in Figure 4 the soil has the 

fo llowing prof il e: Al vesicular horizon, B2 prismatic, Cca massive 

lime zone, and Ccs massive gypsif erous horizon . Underlying the soil 

profile, below the zone of root penetration, is the Mancos Cretaceous 

marine shale. 

The association of saltbush- galleta grass replaces the previous 

association in areas where the upper three layers are eroded and 

integrated into a shallow Al vesicular horizon underlaid by Ccs, massive 

gypsiferous, and R, altered bedrock of shale (Figure ll). This 
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association always occupies e l evat ions l ower than the previous one 

whenever they are conti guous (Figure 12). 

The ecotone between this association and the p revious one vari es 
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i n width (Fi gure 13) according to the degree of slope and severity of 

erosion . The directional change from t h e shadscale- ga lle ta grass 

association to the saltbush-ga lleta g rass association is retrogressional 

in nature . 

The association of sa lt sage - woody aster occurs on slopes where 

the Al horizon and t he Ccs mass ive g ypsiferous of the association of 

sal tbush-gal leta grass are eroded away and the Mancos marine shale 

i s exposed at t he surface . The Al vesicular horizon is underlaid by 

altered bedrock shale (Rl and R2). This association always occupies 

e l evations lower than that of saltbush-galleta g rass wherever direct 

c ontact is made between these two associations. It does not f orm 

ecotones with the association o f shadscale-ga lleta g rass. 

The c ommunity o f mat saltbush is formed on alluvial deposits of 

mater ial eroded away f rom the three p revious associations and forms 

d i rect eco tones with each one o f these associations . The soil profile 

is Al ves icular horizon , B2 prisimatic, Al.b buried g ranular, Csa salt 

l ayer and R Mancos mari n e shale. The bur i ed Al horizon indicates that 

depositiona l rather than erosional proces ses contributed to the 

dev e lopment of this habitat. In comparing this community with that of 

sa lt sage -woody a s ter, it is evident that this community is developed 

on so il material deposited over Mancos sha l e . This fact is supported 

by the pr esence of heav y clayey B2 hori zon wh ich is missing from the 

soi l profi l e under the association of sa lt sage - woody aster . 



FigtJre 12. A pe:iimcnt remt"an l d ominated hy the association of Atr ipl cx 
confer tifolia I ila ia jamcsii. The associa ti on of J\triplex 
nut t al lii var. m .. ttallii l ilat ia jamesi i occLpies t he eroded 
s lope~ of tre pedimLnt remnant. 00 ,...... 
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Figure 13 . A sharp ccotor,e eLween t.re association o( Atlip lex con fe Ltlfolla
Hilor~ amesii on ~he le( 1 a nd tl e association of Alriplcx 
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tn the study area it is assumed, based on geolog ic evidences , that 

soils on pediment remnants were older than those of Mancos shale . For 

this reason, the variation in edaphic fa ctors of the pediment soils is 

expected to decrease and small d if ferences in environmental factors 

between locations are eliminated or equalized by the reaction with 

vegetation . This assumption is supported by soil analyses which s how 

that most d i ffe rences in s oil within the association of s hadscale 

ga ll et a grass are not signi ficant (Table 6). 

Soil d ifferences between locations are re lativel y g reater in the 

sa l tbush - ga lleta grass associates than in the shadscale-galleta grass 

( Tabl es 6 and 9) . This is expected s inc e the former association was 

found on soil deve loped from e roded pediment remnants. 

In the association of saltsage-woody aster most soil differences 

are no t signif icant ( Table 12). This might be due to the fact that the 

residua l soils of this assOciation wer e developed from the same parent 

materia l, the Mancos marine s hal e . 

Within the community of ma t saltbush the greater soil differences 

we r e mor e apparent than in the other three associations. Such variation 

i s in accordance with the r e trog r ess ional sequences hypothesized for 

the study area because thi s community occupies soils being deve loped 

from deposited material from the other three associations. However, the 

t erm "community" is assigned to habitats dominated by mat saltbush 

rather t han "association". Whether it i s a seral community in balance 

with the prevailing env ironment or a stabilized association, may be a 

s ubj ect o f investi gation in th e future. 
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SUMMARY AND CONC LUSIONS 

Intensive f i eld and laboratory studies duri n g 1959, 1960 and 19 6 1 

were conduc t ed on the shadscale zone of southeas tern Utah to obt a in 

basic informa tion contr ibuting t o a better understanding of the factors 

influencing plant dis tr ibut i on. 

In th i s s t udy the fundamental units of the land scape were identi

f i ed, c haracterized and correlated by the combined study and inter 

pretation of vegetation and soil. 

Four plant communities were identified on the bas is of t heir 

f l oristic composit ion as fol lows : (1) the associa t ion of Atriplex 

confertifolia-Hilar ia jamesii ( shadsca l e - gal1eta grass), (2) the 

association of Atriplex nutta llii var . nuttallii-Hilaria jamesii 

( sa ltbush- ga lleta grass), (3) the association of Atri p l ex nuttallii var. 

gardneri -Aster xylorrh iza ( saltsage-woody aster) and (4) the community 

of Atr i plex corruga t a (mat sa l tbush) . 

Phytosociolog ical characteristics were determined at nine locat ions 

for each of the four communities. In each location, twenty plots 

(5 x 5 foo t) were equally spaced on two transects. The phytosocio log ical 

characteris tic s recorded were : density , basal cover, canopy cover and 

frequency. Each of the four communities shows a def init e recurrance 

wh ich i s evidence of a unique entity. 

The interrelationships be tween the cover of the prominent speci es 

as we ll as the d i fferent growth-forms were tested by s i mp l e linear 

correlation coeffic i ents. In the shadsca l e - gall eta gr ass associat i on 

the results ind i cated that the presence of shrubs reduced the c over of 

perennial grasses. 



In the saltbush-galleta grass association the presence of shrubs 

reduced the cover of each of perennial grasses and annuals. 

In the saltsage-woody aster association, the presence of shrubs 

decreased the cover of annuals. 
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In the mat saltbush community, the presence of shrub cover decreased 

the perennial grasses, annuals and cryptogams. 

Fi eld investigations showed that each community was associated with 

characteristic soils. Therefore, edaphlc factors were considered of 

primary Importance in the distribution of these vegetation units. 

To determ i ne the differences in soil intensive studies were made 

in nine locations for each of the four communities. At each location 

trenches were dug to a depth of root penetration to allow a critical 

examination and description of soil profiles. Soil samples were 

collected f rom four horizons for the shadscale-galleta grass associa

tion; three horizons for the saltbush-galleta grass association; three 

horizons for the saltsage-woody aster association and five horizons 

for the community of mat saltbush. 

Each sample was subjected to the following physical and chemical 

analyses: pH of saturated soil paste, pH of a 1:5 soil -water suspension, 

percentage exchangeable potassium, amount and percentage of exchangeable 

sodiun1, base exchange capacity, saturation extract conductivity, total 

soluble salt percentage, lime percentage, one-third atmosphere moisture 

percentage, moisture percentage at saturation and mechanical analysis. 

For each soil characteristic, the mean value for the entire soil 

profile was computed. Significant differences between the four communi

ties were found in all characteristics except lime content. Significant 

di fferences in each soil characteristic were found in the surface AI 
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horizon. Most soil characters from other comparable horizons differed 

s i gnificantl y between the communities. 

With the exception of the mat saltbush community, most of the 

soil characters were not significantly different be t ween l ocation s . 

This could be taken as evidence of the homogene i ty of soi l s occupied 

by th e same community. In the mat saltbush community, n i ne out of 

sixteen soil characters were found si gnificant between locations . This 

could be taken as an evidence that soi l s under t h is community were not 

as homogeneous as in the other three associations. 

In each community simple l i near correlation coefficients between 

s oil and vegetation characteristics were computed. The vegetation 

characters were : total density, density of prominent spec i es, total 

basal cover , total canopy cover and the percent cover attributed by 

the prominent species . 

In the shadscale- ga ll eta grass association, the base exchange 

capacity , amount of exchangeable potassium, amount of exchangeab l e 

sod ium, pH ( paste), amount of tota l soluble sa l ts, l ime percentage, 

saturated extract conductivity showed significant corre l ation with the 

vegetation characteristics except total basa l cover . 

In the saltbush-galleta grass association, the base exchange 

capacity, saturated extract conduct ivity, pH (paste) , pH (1: 5), lime 

percentage , amount of exchangeable potassium a nd the tota l so l uble 

salts percentage were significant l y correlated wi th the vegetat i on 

characteristics except the total basal cover. 

In t h e saltsage-woody aster association, the amount of exchange-

able potas s ium, moisture contents, base exchange capacity, lime per cent

a ge and amount of exchangeable sodium showed signif i cant correlation in the 
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vege tation charac teristics except the dens ity of saltsage . 

In the ma t saltbush community, the pH (paste), pH (1:5), one-

th ird atmosphere moi sture percentage and the amount of exchangeable 

sodium were significantly correlated with the vegetation characteristics 

except the density of mat sa ltbush. 

The syndynamic pattern of the four communities supported by 

edaphic and geo log i c evidenc es shows that the study area has been sub

jected to severa l cycles of soil erosion. The directiona l changes 

between the four communit i es are influenced by the r etrogressiona l 

processes to which the pediment remnant s and the Mancos bedrock shale 

are subjected. The pediment remnants a r e vegetated by the association 

of shadscale-gal l eta grass. On eroded s it es of the pediment remnants 

this association is replaced by the saltbush-ga lleta g rass assoc i ation. 

The saltsage-woody aster association occupies area where the ped i ment 

remnant s are eroded away and the Mancos marine shale is exposed to the 

g round surface. The community of mat saltbush dominates the a lluv i a l 

depos i ts from the three previous associations. 

The value of the four communit ies as indicators of s oil conditions 

in the shadscale zone of southeastern Utah is well recognized. The 

shadscale-galleta g rass associat ion was found to occupy coarse-textured 

so il s suggesting that this association is adapted to soil s of low water 

holding capacity. Soils under this association wer e non-alkali through

out the soil profile. They were non- saline in t he surface 2.5 feet but 

sa l ine at greater depths . Th i s association is indicative that a 

distinct lime zone 9 to 16 inches in thickness occurred from 15 to 29 

inches below the soi l surface. 

Soi l s under the sa l tbush-ga lleta grass associa t ion were loamy and 

non - alka l i throughout the soil profile. They were non-saline in the 



s ur f ace 15 inches but saline at g reater depths. This association was 

a reliable ind icator that a gypsiferous horizon 7 to 17 inches in 

t hickness occurred from 2 to 4 inches below the soil surface . 
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The association of saltsage-woody aster occurred on fine - textured 

soils that were non-alkali throughout the soil profile. The soils were 

non-saline in the first foot but saline at greater depths. 

The community of mat sa l tbush was growing on heavy-textured soils 

that were saline-alkali throughout the profile. The salinity and the 

amount of exchangeable sod ium in the surface 5 inches showed a s l i ght 

variability . However, this variability does not limit the use of this 

as s ociation as an indicator of saline-alkali soils. 

A reconnaissance of approximately 200 square miles around the area 

was undertaken to investigate the occurrence of the four communities and 

their associated soils. This reconnaissance revealed that these habitat 

type s could be recognized on the basis of vegeta t ion and soil information 

obtained from the intensive survey of the study area . Therefore, the 

r e sults obtained from the study area might be expanded to the entire 

shadscale zone throughout the Colorado Plateau Province in southeastern 

Utah. 

The subdivision of landscape into its natura l units referred to as 

habitat types, provides a better understanding of the l andscape and 

subsequently enables a widespread application of syneco l ogica l and 

phytosociologica l know l edge to land management problems. 

However, the procedure undertaken in this study if followed in 

identifying the differen t plant communities in other areas of the 

s hadscal e zone is likely to provide comparable results and valuable 

inf ormation for better understanding of the entire shadscale zone . 
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APPENDIX I 

List of Plant Names used in the Text 

SCIENTIFIC NAME 

Artemisia spinescens Eaton 

Artemisia tridentata Nutt. 

Aster xylorrhiza Torr. & Gray 

Astraga lus canadensis L. 

Atriplex confertifo lia ( Torr. & Frem.) Wats. 

At riplex corrugata Wats. 

Atriplex nuttallii var. gardneri (Moquin. ) H. & C. 

Atriplex nuttallii var. nuttallii Wat s. 

Bromus tectorum L. 

Eurotia lanata (Pursh) Moquin. 

Eriogonum inflatum Torr . & Frem. 

COMMON NAME 

bud s a gebrush 

bi g sagebrush 

woo dy aster 

Canada mi lkvetch 

shadscale 

mat sa ltbush 

salt sage 

saltbush 

cheatgrass 

winterfat 

desert trumpet 
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Eriogonum microthecum Nutt. slender buckwheatbrush 

Gut i errezia sarothrae (Pursh ) Britt. & Rushy. snakeweed 

Hilaria ~esii (Torr .) Benth. 

Juniperus osteosperma (Torr. ) Little. 

Malcolmia africana (L . ) R. Br . 

Opunti a polyacantha Haw. 

Oryzopsis hymenoides (Roem. & Shult.) Ricker 

Plantago tweedyi Gray 

Salsola kali var . .£_enui f oli~ Tausch . 

Sarcobatus vermiculatus ( Hook) Torr . 

ga lleta grass 

Juniper 

Malcolmia 

prickly pear 

Indian ricegrass 

tweedy plantain 

Russian thistle 

greasewood 
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Sclerocactus whipplei (Enge lm. & Bi gelow) Britt. & Rose cactus 

Sphaeralcea grossulariaefolia (Hook. & Arm.) Rybd. g lobe mallow 

Tetradymia g labrata Gray littleleaf horsebrush 



APPEND IX 2 

Profile Description of Soils under the Association of 
Atripl ex confertifol i a-Hilaria james ii 

The Mesa series consists of deep gravelly med ium textured, 

calcareous well dra ined S ierozem soils , t hat have developed from 

pediment remnants on three d ifferent levels. Under l yi ng the grave lly 

remnants is t h e ori gi nal bedrock of cretaceous mar ine shale ( Mancos 

shale) . 
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The Mesa series i s associated with Chipeta and Chipeta li ke soils 

having direct contact boundari es with them but no t with the eroded 

Chipeta soils. 

West of Cisco the Mesa s oil s occur at elevations rang ing f rom 

about 4400 to 4200 feet above sea l eve l. 

I. Soil profi l e descript i on : Mesa gr avelly sandy c l ay loam. 

Al 0-3" Li ght brown ( 7.5 YR 6/4), grave ll y sandy c lay loam, 

dark brown ( 7.5 YR 4/4) mo i st ; weak fine platy and 

ves i cular structure; loose dry ; friable moist; 

slightly sticky and slight ly pla stic wet; ca l car eous ; 

pH 8 (paste ) and 8. 3 (1:5); f ine gr ass roo ts; few 

fine por es ; clear smooth boundary ; 3-5 inches thick. 

B2 3-14" Brown (7 .5 YR 4/5 ) dry, c l ay loam, ye ll owish brown 

(5 YR 5/4) moist ; massive or wea k coarse pr i smatic 

breaking down to weak f ine granular struc t ure ; 

s l ight l y hard dr y ; friable mo i st ; sl i ght l y sticky 

and slight l y plastic wet ; calcareous; pH 8 (paste) 



and 8.9 (1:5); abundant fine roots; medium fine 

pores ; diff use wavy boundary; 5-11 inches thick. 

Cca 14-42" Very pale br own, (10 YR 7 .5/3) dry; clay loam, 
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pal e brown, (10 YR 6/3 ) mo ist; massive; slightly 

hard dry ; fr iabl e mo i st ; slightly st icky and 

sli ghtly plastic wet ; calcareous ; pH 7.7 (paste) 

and 7.7 (1: 5); abundant med ium size roots; diffused 

irregu lar boundar y ; 15-2 8 inches thick . 

Ccs 42-6l+"Li ght brown gray (2. 5 YR 7/2) dry, si lty clay loam , 

very pale brown (10 YR 7/3 ) moist; mass ive; hard 

dry; fr iable moi st ; s li ghtly st i cky and non 

plastic wet; gyps i ferous; pH 8 .1 (paste ) and 8.0 

(1:5); very few root s in t he portion; c l ear 

irregu lar boundary; 15-30+ inches thick. 

II . Range in Characteristics : The dr y co lor of t h e f irst horizon 

ranges from (10 YR 5/3.5) to (10 YR 6/4) with most values of 

(10 YR 6/4). The moist color ranges from (10 YR 4/3) to 

(10 YR 4/4) with an average of (10 YR 4/4). One profile was 

recorded having a color of (7.5 YR 4/5) and ( 7 .5 YR 4/4) 

moist. Le ss variation in color for the rest of the horizons 

have been recorded. Texture and structure have little or no 

variat ion in t he acreage that has been mapped. The depth of 

the gypsiferous horizon ranges from 5-21 inches . 

I II. Topography: The pedi ment r emnant s at three l eve ls represent 

different cycl es of erosi on. The levels generally face the 

south and there slope from l to 6 percent. 



IV . Drainage and Permeability: Mesa soils are moderately well 

drai ned. Runoff is medium to rapid. 
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APPENDIX 3 

Profi le Description of Soils under the Association of 
Atriplex nuttallii var. nuttallii-Hilaria jamesii 

The Chipeta series are shallow , pale brown, medium textured, 

gypsiferous , moderately well drained , Sierozem soils, that have de -

veloped from pediment remnants . Underlying the eroded pediment is the 

original bedrock of Cretaceous marine sha l e (r-1ancos shale). 

The Chipeta soils are associated with Mesa , eroded phase of 

Chipeta and Chipeta like soi l s . They occur in areas that were once 

occupied by Mesa soils which were subjected to erosional processes 

and which resulted in the remova l of sur face roughly equivalent to the 

upper three calcareous horizons, leaving a thin li ght brownish calcare-

ous horizon underlaid by a gypsiferous layer. 

I. Soil profile description: Chipeta clay loam 

Al 0-2" Brown (10 YR 5/3) d ry, clay l oam, dark ye llow-

ish brown (10 YR 4/4) moist; weak fine granular 

structure; loose dry, fr iable moist, sticky and 

plastic wet; calcareous ; pH 7.8 (paste) and 8.0 

(1:5); abundant fine roots; clear wavy boundary; 

2-4 inches thick . 

Ccs 2-12" Li ght g ray (2.5Y 7/2) d ry, clay, light brownish 

gray (2 . 5Y 6/2) moist; massive ; soft dry, f irm 

moist; sticky and sl i ght ly plastic wet; gypsifer -

ous; pH 7.7 (paste) and 7.8 (1:5); few medium 

pores; gradual irregular boundary; 7-16 inches 

thick. 



101 

R 12-34+" Grayish brown (2.5Y 5/2) dry, clay loamy shale, 

very dark grayish brown (2.5Y 3/2) moist, strong 

medium platy structure; slightly hard dry, very 

sticky and very plastic wet; gypsum crystals 

imbedded in partly weathered shale; pH 7.5 (pas t e ) 

and 7.8 (1:5); roots in the upper portion 

diffused irregular boundary, 18 - 33+ inches thick . 

II. Range in Character i stics : The color of the dry surface soil 

ranges from (10 YR 7/3) to (10 YR 5/3) and for the moist soi l 

from (10 YR 5/3) to ( 10 YR 3/4). The amount and the size of 

the gypsum crystals vary in rather narrow range. 

III. Topography : Eroded terraces of pediment remnant, rol l ing 

undulating and smooth relief. Slope ranges from 3 to 40 per-

cent. 

IV . Drainage and Permeability: The Chipeta soils are moderate ly 

well dra ined. Surface runoff is medium to rapid, permeability 

is moderately s low . 



APPENDIX 4 

Prof ile De scription o f Soils unde r the Association of 
Atriplex nuttallii var. gardneri-Aster xylorrhiza 

102 

The eroded phase of Chipeta series are shal low, li ght brownish 

gray, medi um textured, gypsiferous , moderately well drained Sierozem 

soil that have developed in place of marine Cretaceous shale (Mancos 

s hal e ). 

These soi ls are associat ed with Chipeta and Chipeta like soils, 

forming direct boundaries with them. In the study area west of Cisco, 

Utah , these soils do not form direct boundaries with Mesa series . 

I . Soil profile description : 

Al 0-3" Li ght brownish gray (2.5Y 6/2) dry, silty clay 

loam, olive brown (2.5Y 4/4) mo i s t; vesicular 

weak fine granular s tructure; loose dry, friable 

moi st , sticky and p lastic wet; gypsiferous; pH 

7.9 (paste) and 7.9 (1:5); a very few fine roots ; 

gradual wavy boundary; 3-4 inches thick. 

Rl 3-13" Li ght brownish gray (2 .5Y 6/2) dry, si l ty clay 

loam, olive brown (2.5Y 4/4) moist; moderate 

very fine platy shale ; slightly hard dry; firm 

moist ; very sticky and ver y plastic we t; gypsi-

fe rous ; pH 7.4 (pas te) and 7.8 (1:5); abundant 

roots; diffused irregu lar boundary, 9-13 inches 

thic k . 
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R2 13 - 43" Li gh t brownish gray (2.5Y 6/2) dry, s ilty clay 

loam, olive brown, very dark grayish brown 

(2. 5Y 3/2) ; strong medi um platy shale ; very 

hard dry, very f irm moist, very sticky and very 

plast ic wet, gypsi ferous ; pH 7.9 (paste) 8.3 

(1:5); very few roots in the upper few inches, 

diffused irregu lar boundary, 27-33 inches thick . 

II. Rang e in Characteristics : The co l or of the dry surface ranges 

fr om (2.5Y 7/2) to (2 . 5Y 5/2) and the moist soil from (2.5Y 

5/2) to (2.5Y 3/2). 

III. Topo graphy: Eroded s lopes, rolling undulating and rough 

relief. Slope ranges from 10 to 36 percent. 

IV. Drainage and Permeability: The eroded Chipeta soils are 

moderately well dra ined. Surface runoff i s med ium to rapid. 



APPENDIX 5 

Profile Description of Soils under the 
Community of Atriplex corrugata 

104 

The Chipeta like is s hallow fine textured gypsiferous, moderately 

well dra ined Sierozem soil that have developed from the Cretaceous 

Mancos shale. This soil is mainly associated with Chipeta and the 

eroded phase of Chipeta and less frequently with ~!esa soils. 

I. Soil profile description : 

Al 0-5" Pale brown (lOYR 6/3) dry , silty clay loam, dark 

yellowish brown (10 YR 4/4) moist ; weak fine 

granular structure; loose dry, friable moist , 

st icky and plastic wet; gypsiferous; pH 7.7 

(paste) and 8 .1 (1:5); very few roots; clear 

smooth boundary; 4-5 inches thick. 

B2 5-20" Pale brown (10 YR 6/3) dry , heavy silty c l ay , 

brown (10 YR 5/3) moist; weak medium prismatic 

structure with a few gypsum crystals deep cracks 

very hard dry , f irm moist; very sticky and p l as-

tic wet ; gypsiferous; pH 8. 4 (paste ) 8.6 ( 1 : 5); 

a few root pores; clear smooth boundary ; 11-19 

inches thick. 

Al.b 20-31" Gray brown (2.5Y 5/2) dry, silty loam, dark 

grayish brown (2.5Y 4/2) moist; moderate fine 

platy shale mixed with weak fine granu lar 

s truc t ure and g ypsum crystals; hard dry; f irm 
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moist very sticky and plastic wet; gypsiferous ; 

pH 8 .5 (past e ) 8 .5 (1:5); a few roots; clean 

wavy boundary ; ll-14 inches thick. 

Csa 31-33" Li ght browni sh gray (2 . 5Y 6/2) d r y si lty clay 

and crystals mixed with abundant g ypsum 

crystals ; hard dry , f irm moist, v e ry st icky and 

plastic we t; gypsiferous; pH 7.6 (paste) and 

8 .3 (1:5); d i ff used wavy boundary; 2-12 inches 

thick. 

R 33-38" Li gh t browni sh gray (2.5Y 6/2) dry, silty clay , 

dark grayish brown ( 2.5Y 4/2) moist; st rong 

medium platy s ha l e ; hard dry, firm mois t, very 

s ticky and very plastic wet ; gypsiferous ; pH 

8.2 (paste) 8 . 6 (1:5); abrupt smooth boundary; 

5 -2 1 inches t h i ck. 

I I . Range in Character istics: The color of the dry s urface 

ranges from (10 YR 6/3) to ( 10 YR 5/2) and the moist soil 

from (10 YR 4/2) to (10 YR 4/4). The thickness of last two 

horizons vary considerably between locations. 

III . Topography : Gentl e s lopes to f lat s associated with drainage 

systems. Slopes range from to 5 percent . 

IV . Drainage and Permeability: The Chipe ta li ke soils are 

moderat e l y well dra ined . Surface runoff i s med ium and per

meab ility is moderately s low. 



Table 21. Correlation coefficients between soil factors of four different horizons and the vegetation 
characteristics of the association of Atriplex confertifolia-Hilaria jamesii. 

Soil factors for the 
different horizons 

Surf ace horizon (Al) 

pH (past e ) 

pH (l :5) 

Base exchange capacity (me. I 100 g. ) 

Exchangeable K (me. I 100 g .) 

Exchangeable Na (me. / 100 g.) 

Total soluble salts percentage 

Saturation extract conductivity (K x 103 ) 

Moisture percentage at saturation 

1/3 atmosphere moisture percentage 

lime percentage 

Total Density of 
density shadscale 
(no. of (no. of 
plants/ plants/ 
sq. ft .) sq. ft.) 

.160 -.173 

.3 65 -.044 

. 520 -. 768~' 

.451 -.687* 

.158 -.324 

-. 143 .065 

-.449 .581 

.494 -.416 

-.075 -.304 

.048 .507 

% of 
% of % of % of ga lle ta 
total total shadscale grass 
basal canopy in canopy in canopy 
cover cover cover cover 

. 124 .063 -.125 .294 

.334 .354 - .037 .18 1 

.236 .032 - . 89 1 ;,;, . 838«1' 

.205 -.046 -. 85 7id< . 82P'i-* 

.017 -.15 6 -. 607 .373 

-. 204 -.lOS .053 -.03 6 

-.364 -.16 1 .568 -.508 

.155 . 201 -.55 8 .509 

.414 .223 -.505 .060 

.3 18 .601 .271 - .411 

0 
0' 



Table 21. Continued. 

Total Density of % of 
shad scale % of % of 7. of ga ll eta 

Soil factors for the (no . of total total shadscale g rass 

d if ferent horizons plants/ basal canopy in canopy in canopy 

s . ft .) cover cover cover cover 

B2 horizon 

pH (paste) - .062 -.134 .122 .135 .230 -.239 

pH ( 1.:5) .433 .404 .284 . 582 .225 -.085 

Base exchange capacity (me. /100 g .) .553 -.606 .369 .252 -.640 . 728'' 

Exchangeable K (me. I 100 g .) . 362 -.551 .248 .117 -.660 .585 

Exchangeable Na (me. I 100 g .) .363 -. 197 .056 .202 -.147 . 216 

Tota l so lubl e salts percentage -.140 .164 -.388 -.282 .140 . 038 

Saturation extract conductivity (K x 103) - . 397 .374 -. 517 -.393 .3 46 -.338 

Moisture pe rcentage at saturation .008 -.1 86 -.040 .072 -. 11 7 - .018 

l/3 atmosphere moisture percentage .484 -.275 .266 . 388 -.366 .383 

Lime percentage .112 . 560 . 186 .481 .309 - . 361 

~ 

0 .._, 



Tab l e 21. Cont inued . 

Total Density of % of 
dens ity shadscale '!. of '7. of % of ga ll eta 

Soil factors for the (no . of (no. of total total shadscale grass 
different horizons plants/ plants/ basal canopy in canopy in canopy 

s g . ft.)~· ft.) cover cover cover cover 

Lime hor izon (Cca) 

pH (paste) - . 562 .5 40 -.494 - . 435 . 732'' - .546 

pH (1 : 5) -.400 .455 - .23 8 -.220 .649 - . 5 i 7 

Base exchange capacity ( me. I 100 g . ) .135 - .29 8 . 205 .148 - .303 .0 79 

Exchangeable K ( me. I 100 g .) . 207 - .239 . 505 .402 - . 291 .027 

Exchangeab l e Na ( me. I 100 g .) - . 5 11 .156 -.350 -.384 .400 - .536 

Total soluble salts percentage .420 -. 669'' - .051 - .142 - . 723'' . 603 

Saturation extract conductivity (K x 103) . 490 - .6 11 .007 -.049 . 727 1' . 658 

No isture percentage at saturation -.158 -.202 -.123 -.152 -. 136 -.049 

1/3 atmosphere moisture percentage .434 . 113 -.063 .209 .236 .157 

Li me percentage .039 .171 .040 275 .248 - .160 

0 
<)) 



Table 21. Continued. 

Total Density of % of 
dens ity shad scale % of fo of % of ga ll eta 

Soil factors for t he (no . of (no . of total total shad scale grass 
d if ferent horizons plants/ plants/ basal canopy in canopy in canopy 

-------------· ~---

sg . f t . ) sg. ft.) cover cover cover cover 

Gypsiferous hori zon (Ccs) 

pH (paste) - . 263 .294 -.597 -. 495 .308 - .081 

pH (1 : 5) - . 374 . 246 - . 597 -.506 .503 -.235 

Base exchange capacity (me. /100 g. ) - .031 .066 .512 . 414 -.165 -.207 

Exchangeable K (me./ 100 g .) .461 - . 342 .600 . 497 - .313 .193 

Exchangeable Na (me./100 g .) -.783i< .637 - .659 - . 591 .639 - . 688''' 

Total s olub le salts percentage -.020 -.032 .577 .447 -. 284 - .107 

Saturation extract conductivity ( K x 10 3 ) .136 - . 443 .230 .121 -.663 .270 

Moisture percentage at saturation .13 1 .188 .475 . 482 -.160 -.050 

1/3 atmosphere moisture percentage .166 .006 .468 .439 -.306 .050 

Li me percentaoe . 163 . 254 . 603 . 734>'< .059 - . 298 

..,'( r v alues greater than .666 are si gnificant at .05 level. 
** r values greater than . 79 8 are sign ificant a t . 01 level . 

0 
"' 



Table 22. Correlation coefficients between soi l factors of three different horizons and the vegetation 
characteris tics of the association of Atriplex nuttallii var . nuttallii-Hilaria jamesii. 

Total Density of % of 
saltbush '7o of '7o of % of g a l leta 

Soil fac tors for the (no. of total tota l saltbush grass 
different horizons plants/ basal canopy in canopy in canopy 

s ft.) cover cover cover cover 

Surface horizon (Al) 

pH (paste) .204 -.027 .523 .295 .003 . 262 

pH (1:5) -.453 - .639 .040 -.28 1 -. 331 .27 0 

Base exchange capacity (me./ 100 g.) .116 .074 - .009 -. 181 . 050 .384 

Exchangeable K (me./ 100 g.) . 100 - .009 .312 .181 .158 .139 

Exchangeable Na (me./ 100 g .) . 281 - . 011 .277 .046 -.1 51 .463 

Tota l so lub l e sa lts percentage .437 .537 .135 .223 .0 61 .110 

Saturation extract conductivity (K x 103) .380 .328 .017 .173 - . 12 1 .071 

Mo isture percentage at saturation .256 . 513 .027 .147 . 106 -.05 8 

1/3 atmosphere mo i sture percentage -.043 .536 . 198 .262 .512 -.440 

Lime percentage - . 573 .122 -.362 -.137 . 600 - .902M< 

~ 

0 



Table 22. Cont inued. 

Tota l Dens it y of % of 
sa l tbush % of % of % of gall eta 

Soil factors for the (no. of total total saltbush g ra ss 
different horizons plants/ basa l canopy in canopy in canopy 

s ft.) cove r cover cover cover 

Gypsiferous hori zon (Ccs) 

pH (paste) . 123 -.458 . 234 .155 -. 844>'<>'< . 529 

pH (1 : 5) -.55 8 -. 898''''' -.050 - . 111 - . 664 . 022 

Base exchange capacity (me ./ 100 g .) . 568 . 798id< . 628 . 67!i< .376 -.105 

Exchangeable K (me . / 100 g .) . 7 19>'< .397 .213 .424 - . 408 .3 50 

Exchangeable Na (me ./ 100 g .) - . 407 -.185 -.473 -. 6 10 .300 - .087 

Tota l soluble salts percentage . 562 . 547 .415 .410 .183 .1 90 

Saturati on e xtract conductivity (K x 10 3 ) .603 . 710'' .119 .096 . 27 8 .230 

Mo isture percentage at saturation .587 . 581 .350 .437 -.271 .125 

1/3 atmosphere moisture percentage . 489 .325 .5 83 .657 - .067 .139 

Li me percentage -. 663 .086 -.305 - .137 .508 - .904>'<>'< 



Table 22. Continued. 

Total Density of i'. of 
saltbush % of % of % of gall eta 

Soil factors for the (no. of total tota l saltbush g rass 
different horizons plants/ basal canopy in canopy in canopy 

s ft.) cover cover cover cover 

Shale horizon (R) 

pH (paste) - .090 -.397 .533 .578 -.597 -. 056 

pH ( 1: 5) - .315 -.430 .317 .325 - .5 16 -.164 

Base exchange capacity (me./ 100 g .) .552 .576 .387 .468 . . 243 .097 

Exchangea bl e K (me . / 100 g.) . 156 . 706<< .025 . 369 .570 -. 679* 

Exchangeable Na (me./ 100 g .) .085 -.302 .3 81 .444 - .543 - .023 

Total soluble salts percentage .078 -.198 .664 . 738,.( -.502 - . 031 

Saturation extract conductivity (K x 103) .088 -.224 .46 1 .546 -.594 .080 

Moisture percentage at saturation .143 .024 .221 .279 .032 -.003 

1/3 atmosphere moi s ture percentage .237 .241 -.159 .063 .181 -.054 

Lime percentag e -.177 .460 - .158 . 318 .473 -. 759'' 

* r value s greater than .666 are significant at .05 level. 
-1:"1:: r values greater than .798 are significant at .01 level. 

N 



Tab l e 23. Corre lati o n coefficients between the various soil factor s of the three different hori z ons and 
the v egetational characteri s tic s of the assoc iati on of Atriple x nut ta llii var. g ardneri-Aster 
xyl orrhiza 

Soil fac tor s for the 
different h orizons 

Surf ace horizon (AI) 

pH ( paste) 

pH (1:5) 

Base exchange capac i ty (me./ 100 g .) 

Exchangeable K (me./ 100 g. ) 

Exchangeab le Na (me./ 100 g . ) 

To t a l s oluble sa lts per cen t age 

Satura tion extract conduct i vity ( K x to3) 

Moisture percentage at saturation 

l/3 atmo sphere moisture percentage 

Lime percentage 

Total Density of % of 
dens ity saltsage % of % of % of woody 
(no. o f (no. of total tota l saltsage aster 
plants/ plants/ basal canopy in canopy i n canopy 
sq. f t . ) sq. ft . ) cover cover cover cover 

.47 4 .2 79 . 321 .388 -.323 - .075 

.238 -.526 -.365 -.239 - . 447 . 445 

. 626 - . 254 .505 .593 - . 424 -.13 5 

.268 -.1 79 .543 . 674'' -.268 - .475 

.196 -.239 . 05 1 .17 6 -. 231 - .22 5 

. 227 - . 266 .200 .300 .022 -.237 

. 31 1 .338 .295 . 2 17 . 267 -. 131 

.275 .240 -. 174 - . 210 . 793'' - . 229 

. 241 . 506 . 240 . 214 .633 - . 689'' 

-.373 . 4 75 - .2 89 -.418 .634 -.1 62 
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Table 23. Continued. 

Total Density of % of 
salt sage '7. of % of % of woody 

Soil factors for the (no. of total total salt sage aster 
different horizons plants/ basal canopy in canopy in canopy 

s ft.) cover cover cover cover 

Shale horizon ( Rl) 

pH (paste) . 067 .148 - .429 - .398 - .090 .399 

pH (1:5) .280 -. 350 -.172 - .041 -.329 .106 

Base exchang e capacity (me./ 100 g .) .641 -.227 .552 .634 - .463 - .114 

Exchangeable K (me./ 100 g .) .046 -.265 .202 .329 . 025 -. 273 

Exchangeable Na (me./ 100 g.) .059 . 274 .534 .468 .366 - . 528 

Total soluble salts -.422 -.048 . 234 .194 .609 -.305 

Saturat ion extract conductivity (K x 103 ) -.140 .277 -.174 -.307 .399 .112 

Moisture percentage at saturation -.364 -.409 -.184 - .062 -.244 -.024 

1/3 atmosphere moisture percentage . 131 - .664 -.165 -.010 -.817idc .443 

Lime percentage -.379 .496 - . 349 -.468 . 750'' - .119 

~ 
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Table 23 . Continued. 

Total Density of 
salt sage 

Soil factors for the (no. of 
dif f erent horizons plants/ 

s ft.) 

Shale horizon (R2) 

pH (paste) -.304 .017 

pH (1:5) -.268 - . 465 

Base exchange capacity (me./ 100 g .) . 579 .130 

Exchangeable K (me./ 100 g .) . 004 - . 4 19 

Exchangeable Na (me./ 100 g .) .437 .369 

Total s oluble salts percentage -. 257 -.071 

Saturation extract conductivity (K x 103) -.297 .047 

Moisture percentage at saturation -. 700i< - .51 5 

1 /3 atmosphere moisture perce ntage -. 5 12 -.201 

Lime percentage -.492 . 276 

;, r values greater than .666 are si gnificant at .05 l evel. 
-t~* r va l ues gr eater than . 798 are significant at .01 level. 

% of 
% of % of % of woody 
total tota l saltsage aster 
basal canopy in canopy in canopy 
cover cover cover cover 

-.416 - .535 .088 . 296 

- .113 -.129 -.11 4 .165 

. 790<< . 876<"• -.231 -.563 

- .421 - .304 -.03 8 .427 

. 571 .67J<< -.442 -. 33 6 

.260 . 157 . 378 -.271 

.322 .179 .279 - . 13 8 

-.259 - . 295 .142 .093 

-.020 - .126 .208 . 099 

-.488 -.608 .497 .08 1 
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Table 24. Correlation coefficients between the various soil factors of five d i fferent horizons and the 
vegetation characteristics of the community of Atriplex corrugata. 

Density 
Total of mat % of mat 

saltbush % of % of saltbush 
Soil factors for the (no. of total total in 

d ifferent horizons plants/ basal canopy canopy 
s ft.) cover cover cover 

Surface horizon (A1) 

pH (paste) .133 -.206 .845<"' . 8081'* -.459 

pH (1:5) - .378 - .109 .224 . 123 .241 

Base exchange capacity (me./ 100 g. ) .083 .404 - .402 -.410 .086 

Exchangeable K (me./ 100 g. ) -.077 .258 -. 612 - .601 .058 

Exchangeab l e Na (me./ 100 g .) .054 .082 . 727<' .648 -.072 

Total soluble salts percentage - .025 . 092 .648 . 574 .158 

Saturation extract conductivity (K x 103) -.085 .007 .6 14 .538 . 076 

Moisture percentage at saturation .146 .090 .237 .212 .200 

1/3 atmosphere moisture pe rcentage .104 .332 -.463 - .437 .082 

Lime percentage .077 .050 .355 .263 .104 
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Table 24 . Continued. 

Dens ity 
Tota l of mat % of mat 

saltbush % of % of saltbush 
Soil factors for the (no. of total total in 
different horizons plants/ basal canopy canopy 

s f t.) cover cover cover 

Horizon ( B2) 

pH (pas t e) . 001 -. 411 .431 .390 - . 620 

pH (1:5) -. 367 - . 108 .02 8 - . 118 .023 

Base exchange capacity (me . / 100 g. ) .2 61 .356 .0 12 .026 .081 

Exchangeable K (me ./ 100 g .) . 459 . 585 . 201 . 191 - . 037 

Exchangeab le Na (me./ 100 g. ) .206 -.070 .177 .159 -.372 

Total s oluble salts percentage - .280 - .027 - .071 -. 181 - . 311 

Saturation extract conductivity (K x 103) -. 138 -.146 -.243 -.209 - .233 

Moisture percentage at saturation .1 50 - .051 .205 .182 -.024 

1/3 atmosphere mois ture percentage . 013 -.178 - . 2 71 -.146 .044 

Li me percentage -.22 8 .039 .005 -.102 . 258 

~ 
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Tab le 24. Continued. 

Density 
Total of mat % of mat 

saltbush % of % of saltbush 
Soil factors for the (no. of total total in 
different horizons plants/ basal canopy canopy 

s ft.) cover cover cover 

Buried horizon (A1.b) 

pH (paste) .005 .079 .415 .324 - .079 

pH (1:5) - .535 - .296 .155 .047 .487 

Base exchange capacity (me./ 100 g. ) .183 -.098 - . 225 -. 123 -.132 

Exchangeable K (me./ 100 g. ) -.270 .249 -. 593 -.596 .576 

Exchangeable Na (me./ 100 g .) - . 126 .027 .030 -.001 . 310 

Total soluble salts percentage - .3 51 -.256 .509 .376 - . 216 

Saturation extract conductivity (K x 103) - . 190 .030 .469 .390 .099 

Moisture percentage at saturation .539 - . 131 .495 .571 -.373 

1/3 atmosphere moisture percentage .430 . 246 -.255 -. 107 -.086 

Lime percentage - .103 .116 .286 .154 .299 

~ 
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Table 24 . Continued . 

Density 
Total of mat % of mat 

sa l tbush % of % of saltbush 
Soil factors for the (no. of total total in 

d ifferent horizons plants/ basal canopy canopy 
s ft.) cover cov er cover 

Salt layer (C sa) 

pH (paste) -.366 - .472 .169 .112 -.165 

pH ( 1 : 5) - . 719 1' .118 -.627 -.743 1' .5 63 

Base exchange capacity (me. / 100 g. ) . 615 .642 -.197 -.09 8 .25 6 

Exchangeab l e K (me./ 100 g .) .058 .362 -.553 -.503 .593 

Exchangeable Na (me ./ 100 g .) .110 .448 - .622 -.59 9 . 171 

Total soluble salts percentage -.130 .343 .498 .409 -.265 

Saturation extract conductivity (K x 103) - .078 -. 122 .313 .204 -.572 

I'-1oisture percentage at saturat ion .445 -. 059 .424 . 539 .061 

1/3 atmosphere moisture percentage . 355 -.104 .1 40 .187 -. 848'""' 

Li me percentage -. 7171' - . 256 -.181 -.306 .161 

~ 
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Table 24. Continued. 

Density 
Total of mat '7. of ma t 
dens ity sa l tbush % of % of sa ltbush 

Soil factor s for t he (no . of (no. of total total in 
dif ferent horizons plants/ plants/ basal canopy canopy 

s f t . ) ----.2.9.. ft. ) cover cover cover 

Shale hori zon (R) 

pi' (paste) .224 - .036 . 702'' . 672'' . 070 

pH ( 1: 5) - .133 -. 140 .379 .321 . 520 

Ba se exchange capacity (me . / 100 g .) .36 4 .322 - . 253 - . 160 . 136 

Exchan geable K (me ./ 100 g . ) - . 384 - .098 - . 363 - .3 R1 .004 

Exchangeable Na (me./ 100 g .) .21 6 . 331 .064 .054 .470 

Tota l soluble salts percentage . 224 .1 72 . 56 8 . 545 .1 83 

Saturat ion extract conductivity (K x 103) .03 1 .313 .142 . 053 . 497 

Moisture per centage at saturat ion .638 - .103 .332 .499 - . 433 

1 / 3 a t mosphere mo isture percentag e .294 .223 -. 475 -. 32 6 022 

Lime Eercentage -. 234 .005 .004 - .071 - .oo5 

"'c r va l ues greater t han . 666 are signif ic ant at .05 level. 
~'d: r va l ues g r eater than .79 8 are s i gnificant at .01 level. ~ 
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