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Soil and Grazing Influences on a 
Salt-desert Shrub Range in Western Colorado1 

Highlight 

Responses of vegetation and ground cover to winter grazing by livestock and 
to exclusion of livestock for 10 years were observed on soils derived from 
shale, sandstone, and a mixture of shale and sandstone. Although distinct 
soil-vegetation relationships were evident, changes attributable to grazing were 
relatively small. Vegetation and other cover on nongrazed range was practically 
the same at the end as at the beginning of the study. Overall reductions in 
galleta, shadscale, and snakeweed were attributed to drought, while differential 
responses of Salina wildrye, Gardner saltbush, Greenes rabbitbrush, and annual 
plants were ascribed to grazing. Inherently low site capability and subnormal 
nrecinitation were believed resnonsible for the general lack of response of 
&$&on to exclusion of lives&k. 

Resumen” 

Las Influencias de1 Suelo y Pastoreo 
Sobre un Matorral Desertico 

Salitroso en el Estado de 
Colorado Occidental. 

Nevertheless, most of the type is 
grazed by livestock during winter 
months, and its deteriorated ap- 
pearance is commonly ascribed to 
over-grazing. 

En el estudio se compararon zonas 
pastoreadas en invierno con exclusiones 
de diez adios de edad. Se concluy6 
que habia poca influencia de1 pastoreo 
sobre le vegetacibn. La composici6n 
vegetal dentro de las exclusiones fu& 
la misma al principio y al final de1 
estudio. Hubo una disminucibn de las 
especies AtripEex confertifolia, Hilaria 
jamesii y Gutierrezia sarothrae por 
causa de las sequias. 

Hubo varias respuestas diferenciales 
de las especies Elymus salinus, Atriplex 
nuttallii, Ch yso thamnus greenei y 
plantas anuales debido al pastoreo. El 
autor piensa que la vegetaci6n no 
mejor6 sin pastoreo porque el potential 
fui bajo en 10s suelos y tambikn hubo 
un bajo promedio de precipitaci6n 
pluvial. 

To learn more about the respon- 
siveness of vegetation and other 
range and watershed characteristics 
to grazing and to exclusion of live- 
stock, a study was started on Badger 
Wash in west-central Colorado in 
1953. Findings during the first 5 
years of the study have been re- 
ported (Lusby et al., 1963). This 
paper describes and compares re- 
sponses of vegetation and ground 
cover on grazed and nongrazed 
watersheds from 1953 to 1963, and 
presents other findings pertinent to 
the ecology of the salt-desert shrub 
tY Pe- 

Plant cover of the salt-desert 
shrub type in western Colorado is 
generally sparse, and runoff usually 
is heavily laden with sediment_. 
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for publication June 12, 1970. 
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The Study Area and Methods 

Badger Wash is located 25 miles 
northwest of Grand Junction, Colo- 
rado, within the s&-desert shrub 
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type at an elevation of 5,000 ft. 
Included in the drainage are nu- 
merous small watersheds carved 
principally from Mancos shale (Fig. 
1). Though generally hilly, the 
terrain is rolling where sandy out- 
wash from the Mesa Verde forma- 
tion overrides the shale. 

Annual precipitation averages 
about 8 inches at Fruita, Colorado, 
the nearest weather station which 
is 16 miles distant but at similar 
elevation. Plant growth occurs 
mainly from March through May. 
Although summer thunderstorms 
are common, temperatures fre- 
quently reach the mid-nineties, and 
surface soil moisture quickly evapo- 
rates. 

Four pairs of watersheds were 
selected for detailed observation. 
One member of each pair was 
fenced in 1953 to exclude livestock, 
and the other continued to be 
grazed by sheep and cattle each 
year from November until mid- 
May. Watersheds of individual 
pairs were contiguous and generally 
similar in size, exposure, and con- 
figuration. Individual watersheds 
ranged in size from 12 to 107 acres, 
and together comprised 399 acres. 

Three principal soils occupied 
the watersheds (Fig. 2). “Mixed” 
soil, so-called because it. was derived 
from a mixture of shale and sand- 
stone, accounted for 61% of the 
acreage. Soil derived from shale 
accounted for 17%, and that from 
sandstone for 15%. Although al- 
luvial soil occupied a minor acre- 
age, vegetation on it was not 
sampled. 

The mixed soil, a Persayo silt 
loam, differs from the shale-derived 
soil mainly in that flakes of sand- 
stone are prominent on the ground 
surface and scattered throughout 
the soil profile. The shale-derived 
soil is a silty clay loam, and that 
from sandstone is a Fruita sandy 
loam. All are highly calcareous. 

Badger Wash has been grazed by 
livestock since about 1880. Sub- 
jected to unrestricted grazing prior 
to 1934, it subsequently has been 
part of a large range allotment on 
which specified numbers of sheep 
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and cattle have been permitted dur- 
ing winter and spring months. 
Stocking continued to be relatively 
heavy, however, even during the 
LoLuTe of the study. 

To provide for measurement of 
vegetation, 24 line transects 50.ft 
long were permanently established 
within each of the eight experi- 
mental watersheds in the fall of 
1953. Grouped in pairs, the tran- 
sects were allotted to soil types in 
proportion to the acreage of each 
type. Transect locations were de- 
termined by random selection, first 
within soil types then within sam- 
pling areas 50.It square. 

Ground cover was measured by 
the loop-transect method described 
by Parker (1951). In addition, all 
shrub crowns intercepted by tran- 
sects were individually measured 
and plotted to scale. Unless other- 
wise indicated, records were ob- 
tained during October or Novem- 
ber before the beginning of the 
grazing season. Significance of 
changes in cover was determined 
by t-tests or analyses of variance. 

Utilization of forage on the four 
graxd watersheds was determined 
by ocular estimate at the end of 
each grazing season from 1956 to 
1963. For that purpose a belt wan- 
sect 2 ft wide was located adjacent 

to each line transect and divided 
into segments 10 ft long. Utilization 
of old (previous season’s) and new 
(current season’s) growth of each 
species in each subplot was esti- 
mated separately as a percentage of 
the weight of herbage produced. 
Records of the presence of plant 
species within subplots provided 
an additional basis for computing 
plant frequency. 

Definition of Terms 
Terms used herein to describe 

ground cover are defined as follows: 

Bare soil. Mioer;d soil exposed over 
more than half the loop. 

Rock. Rock particles at least one- 
eighth inch in diamrter that singly 
or together occupy m”re than half 
the loop. 

Littm. Dead organic maucr, except 
leaves still attached t0 live plants, 
that occupies more than halt the 
laap. 

Plant density index. ‘The number of 
hits on root crowns of perennial 
plants in 100 observations. 

Grazing Use 

Unfenced watersheds usually ap- 
peared to be closely grazed by the 
end of the grazing season. How- 
ever, detailed examination revealed 
that certain plant species were 
,grazed much more closely than 
others. Use of old growth of Salina 
wildrye (Elymus snZinus),4 for ex- 
ample, averaged 76% over the 8. 
year period, 1956-63, as compared 
to 8% for shadscale (Atriplex con- 
fehfolia). Use of other common 
and productive plants-galleta (Hi- 
lnria jamesii), Greenes rabbitbrush 
(Chrysothamnus preenei), Gardner 

4Nomenclature follows Harrington 
(1954). 
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saltbush (A triplex nut t&i) and 
broom snakeweed (Gu tierrezia saro- 
thrae)-averaged 36, 40, 22, and 
16%, respectively. 

Relatively common but less pro- 
ductive, Indian ricegrass (Oryxopsis 
hymenoides) was grazed 50%. Al- 
though use of Torrey ephedra 
(Ephedru torreyunu) averaged 6 l%, 
winterfat (Eurotiu lunutu) 5376, 
Sandberg bluegrass (Pou secundu) 
48%, big sagebrush (Artemisiu tri- 
dentutu) 42%, and bud sagebrush 
(Artemisiu spinescens) 37%, those 
plants occurred infrequently and 
provided little forage. Mat salt- 
bush (Atriplex corrugutu), horse- 
brush (Tetrudymiu spinosu) and 
pricklypear (Opuntiu spp.) were 
seldom grazed. Average use of old 
growth of most perennial forbs 
ranged from 20% to 35%. 

Although new growth of most 
plants usually was well developed 
before livestock were removed each 
spring, it seldom was closely uti- 
lized. Most commonly grazed were 
Salina wildrye, Indian ricegrass, 
Sandberg bluegrass, segolily (Culo- 
chortus nuttullii) and ephedra. Use 
of new growth of those plants aver- 
aged 12 to 16%, while that of other 
perennial plants and annuals rarely 
exceeded 5%. 

Results 

Soil Influences 

Differences in ground cover on 
the three principal soils were evi- 
dent in October 1953 before live- 
stock were excluded from any of 
the watersheds. On shale-derived 
soil 79% of the hits by the loop 
method were on bare soil. This 
was about one-fourth more than 
for mixed or sandstone-derived soil. 
Rock (mainly flakes of sandstone) 
accounted for 25% of the hits on 
mixed soil, 2% on shale, and 7% 
on sandstone. On sandy soil 34% 
of the hits were classed as litter or 
moss, as compared to 15% on shale 
and 17% on mixed soil. Frequency 
of perennial plants averaged 4% 
each on shale and mixed, and 6% 
on sandstone-derived soil. Shale 
and mixed soils differed mainly in 
abundance of rock particles, while 

Table 1. Composition (%) of vegeta- 
tion on shale, mixed, and sandstone- 
derived soils in 1953, based on plant 
density indices. 

Kind 
of 

plant Shale Mixed 
Sand- 
stone 

Grass 10 45 78 
Forb 22 15 7 

Shrub 68 40 15 

Total 100 100 100 

sandy soil supported more peren- 
nial plants and litter. 

Composition of vegetation on the 
three soils, as determined from hits 
on basal crowns of perennial plants 
(plant density index), was distinctly 
different (Table 1). Grasses com- 
prised 78% of the plant hits on 
sandy soil while shrubs accounted 
for 68% of them on shale-derived 
soil. Mixed soil supported nearly 
equal numbers of grasses and 
shrubs. Though nowhere abun- 
dant, forbs were more common on 
shale then elsewhere. 

Soil influences were further ex- 
pressed through differences in plant 
species. On shale-derived soil, four 
species accounted for 83% of the 
perennial plants: Gardner saltbush 
43%; Greenes rabbitbrush 17%; 
woody aster (Aster venustus) 15%; 
and Salina wildrye 8%. Character- 
istic of sandy soils, galleta repre- 
sented 77% and shadscale 8% of the 
perennial plants encountered there. 
These plants seldom were observed 
on shale soil, and those listed for 
shale seldom occurred on sandy 
soil. Plants from both groups in- 

termingled on mixed soil. There 
galleta accounted for 37%; Gardner 
saltbush 11%; shadscale 10%; and 
Greenes rabbitbrush 9% of the 
total. Snakeweed was fairly com- 
mon on all soils. 

Grazing Influences 

Ground cover.-All ground cover 
components decreased on grazed 
watersheds from 1953 to 1963 
(Table 2). Consequently, bare soil 
increased 12 hits/loo. Changes in 
cover on nongrazed range were 
small and barely detectable (Fig. 3). 

On grazed watersheds, many sur- 
face rock particles were covered 
with soil as the result of livestock 
trampling. However, summer rain- 
storms reexposed much of the rock, 
and by fall the particles were almost 
as abundant on grazed as on non- 
grazed range. Seasonal differences 
in amount of rock exposed on 
mixed soil within grazed watersheds 
were in the magnitude of 10 to 
14%. 

From observations along fence- 
lines it was obvious that trampling 
by livestock soon destroyed the 
waffle-like pattern that developed 
when surface soil dried and con- 
tracted. Furthermore, fluffiness of 
the surface inch of soil, caused by 
alternate freezing and thawing, was 
more noticeable, and apparently 
persisted longer, on nongrazed 
watersheds. Summer rains also 
doubtless influenced the duration 
of those features. Nevertheless, 
precipitation-runoff relations, ini- 
tial water absorbing capacity of the 
soil, and sediment yields were in- 
fluenced by livestock even though 

Table 2. Relative amounts of and changes in cover on grazed and nongrazed 
range from 1953 to 1963 (in number of hits per hundred observations). 

Kind of cover 

Litter and moss 21 13 - 8** 17 18 +1 
Perennial plants 4 3 - 1** 4 3 - 1” 

Shrub crown 11 8 - 3”” 12 13 +1 
Ground cover index 29 20 -g** 26 26 0 

** P < .Ol 
+ P <.05 
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(0.1-0.4 hit/lOO) occurred in Salina 
wildrye wherever present; in lndian 
ricegrass on mixed soil; in woody 
abter and eriogonums (Eriogonum. 
spp.) on shaley soil; and in prickly- 
pear on sandy soil. Grazing caused 
or contributed to a decline in wild- 
rye, woody abter, Gardner salt- 
bush, and scarlet globemallow 
(S~hoeralcen coccinea) on one or 
more soil types. Galleta and snake- 
weed decreased nlarkedly and about 
equally regardless of grazing. Re- 
ductions in galleta averaged 1.0~12 
hits/100 on sandy soil and about 
half that on mixed soil. 

Records from subplots within 
belt transects reveal that most an- 
nual plants were more abundant 
on grazed than on nongrazed range 
in May 1963 (Table 3). Ditferences 
among soils also were clearly evi- 
dent. Especially common on sandy 
aoil within grazed watersheds were 
cheatgrass brome (Bromus tecto- 
1’1011 ), sixweeks fescue (Fe.stuca 
oclofiora), Gilin po!yciadon, stick- 
seed (I.n$~pula redowskii), pepper- 
weed (Le~idiwn densiflorum), and 
woolly Indianwheat (Pluntngo pw 
shii). iMost of those species, as well 
as Maicolmia africnna, also oc- 
curred more frequently on grazed 
areas underlain with mixed soil. 
Stickseed and ,Yriogo7~uru fusiforme, 
the only annuals 01 note on 511;dey 
soil, tollowed a similar pattern. 

Of the more coinnlon perennial 
plants, squirreltail (Sitanion hy- 
~tk~), Indian ricegrass, wild onion 
(Ailiurn. sp.), segolily, cbimaya 
(Cymopteris spp.), and Greenes 
rabbithrush were consistently more 
frequent on nongrazed range. Un- 
fortunately, records of vegetation 
on belt transects within nongrazed 
watersbeds were obtained only in 
1963; therefore, pretreatment dit- 

changes in ground cover were rela- 
tively small (I.ushy et al. 1963). 

Plant fl-eq”lCn~y.-Perennial 
pl;mts decreased 1.3 and 0.7 hits/ 
100, respectively, on grued and 
nongrazed ranges over the 10.year 
period. The redo< tiona, which 
;unounted t” 30 and IX%> of the 

frequencies recorded in 1953, gen- 
erally orturrcd regardless of grazing 
or soil type. Shadscale wah the only 
plant to increase appreciably under 
grazing. On sandy boil witbin 
gra/ed watersheds it increased 0.4 
hit/lOO; elsewhere it decreased. On 
non,graxd rarrgc moderate increases 

Shrub canopy.-Shrub crowns 
covered one-sixth the surface of 
the experimental watersheds in 
1953. By 1963 coverage had de- 
clined 32% on grazed and 8% on 
nongrazed range. Most affected by 
grazing were Gveenes rabbithrush 
and Gardner saltbush. Rabbithrush 
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Grasses 
“Bromus tectorum 

Elymus salinus 
‘KFestuca octoflora 

Hilaria jamesii 

Oryzopsis hymenoides 
Sitanion hystrix 

Forbs 
Allium sp. 

Aster venustus 

Astragalus missouriensis 

Calochortus nuttallii 

“Chaenactis stevioides 

Cymopterus spp. 
*Descurainia pinnata 

Erigeron pulcherrimus 

Erigeron pumilus 
Eriogonum microthecum 

“Gilia leptomeria 
“Gilia polycladon 

“Lappula redowskii 
“Lepidium densiflorum 

“Malcolmia africana 

Phlox longifolia 

“Plan tago purshii 

Sphaeralcea coccinea 

Shrubs 
Artemisia triden tata 

Atriplex confertifolia 

Atriplex nuttallii 

Chrysothamnus greenei 
Gutierrezia sarothrae 

2 
17 
- 

7 
8 
5 

- 

52 
- 

3 
- 
- 
- 

3 
- 
- 
- 
- 

37 
- 

5 
10 
- 

10 

2 
3 

88 
47 
13 

3 
12 
- 
- 

8 
12 

47 26 90 70 
19 23 2 8 
7 2 56 40 

53 42 92 68 
26 34 4 7 
15 20 12 42 

6 14 
57 25 
- 16 

8 11 
- 6 

5 27 
- 4 

2 15 
1 21 

24 2 
2 16 

- 38 
8 62 

- 19 
2 44 

35 20 
- 27 

2 26 

1 6 
8 35 

75 34 
57 32 
16 34 

19 
30 
11 
35 

10 
4 
9 

11 
35 
10 
6 

18 
3 

20 
25 

- 

3.5 
2 

13 
21 

6 
23 

9 
35 

1 
18 
28 

5 
12 

- 

18 

- 

13 
32 

5 
22 

- - 

29 72 
49 22 
96 78 
56 27 
24 8 

9 8 
90 63 
54 52 

3 5 17 
39 62 60 
32 - - 

47 2 10 
32 10 23 

* Annual 

decreased 64% and saltbush 28% 
on mixed soil within grazed water- 
sheds. Neither changed more than 
9% on nongrazed range. 

Only big sagebrush increased 
appreciably, and its increase was 
confined to sandy soil within non- 
grazed watersheds. However, sage- 
brush comprised only one-fifth od 
the canopy there even after the 
increase had occurred. 

Although crowns of shadscale 
and snakeweed were generally less 

extensive in 1963 than in 1953, 
their reduction evidently was not 
caused by grazing. Relevant to non- 
grazed and grazed areas, shadscale 
canopy decreased 34 and 41 “/o on 
sandy soil, 11 and 16% on mixed 
soil, and not at all on shaley soil. 
Reductions in snakeweed followed 
no clear-cut pattern. 

New plants of shadscale were 1.6 
times more numerous on grazed 
range, and those of rabbitbrush 
and Gardner saltbush 3.8 and 1.4 
times more numerous where live- 
stock were excluded. Young snake- 
weed plants were relatively scarce, 
though equally abundant, under 
both treatments in 1963. 

Plant and Ground Cover Relationships 

Shrub suruiual.-Of the 1,417 Ground cover under crowns of 
shrub crowns intercepted in 1953, the four most common shrubs dif- 
55% were alive in 1963. Survival fered considerably in 1953. The 
averaged 51% on grazed and 58% most complete cover, and probably 

on nongrazed areas. Under both 
treatments fewer crowns appeared 
than disappeared. With respect to 
grazed and nongrazed watersheds, 
survival of Gardner saltbush aver- 
aged 62 and 72%, and Greenes 
rabbitbrush 47 and 67%. Grazing 
had little or no effect on survival 
of shadscale (63 and 62%), snake- 
weed (13 and 14%), or other shrubs. 

Shadscale survival did vary some- 
what with soil type. Of the plants 
present in 1953, 56% survived on 
sandy soil and 66% on the finer- 
textured mixed soil. In 1953 sandy 
soil supported 325 plants per acre 
as compared to 86 per acre on 
mixed soil. Ten years later the 
numbers had decreased 45 and 26%, 
respectively. The largest reduction, 
58%, occurred on sandy soil within 
nongrazed watersheds. Survival of 
other shrubs was not influenced 
appreciably by soil type. 

Age of shrubs.-Persistence of in- 
dividual shrubs throughout the 
study, and appearance of others 
during the study, provided a basis 
for classifying plants by age group. 
Some shrubs intercepted after ini- 
tial records were taken probably 
were old ones whose crowns had 
grown across the transect line. They 
were not distinguished at time of 
measurement and are considered 
here to be new plants. Neverthe- 
less, 70 to 80% of the rabbitbrush, 
shadscale, and Gardner saltbush 
plants intercepted in 1963 evi- 
dently were more than 10 years old. 
Fewer than one-fifth of the snake- 
weeds were older than 10 years, 
and more than half were younger 
than 6 years. 
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the most effective in retarding soil 
erosion, was that under shadscale. 
There, on mixed soil, only 13% 
of the ground surface was bare and 
83% was covered with litter or 
moss. In contrast, nearly half the 
ground under snakeweed was bare, 
an additional 30% was occupied by 
rock particles, and 20% was covered 
by litter. Cover under Gardner 
saltbush was similar to but some- 
what less than that under shad- 
scale. Under rabbitbrush the cover 
was slightly denser than under 
snakeweed. 

Perennial plants seldom were 
present beneath shrub crowns. Only 
galleta and woody aster were re- 
corded there, although squirrel- 
tail and pepperweed (Lepidium 
montanum), were occasionally ob- 
served within clumps of shadscale. 
The fact that perennial plants were 
less common under than between 
crowns suggests that shrubs may 
hinder rather than favor establish- 
ment of perennial plants within 
their immediate vicinity. However, 
cheatgrass brome and other annuals 
frequently were more abundant 
under or near the taller shrubs than 
elsewhere, particularly on sandy 
soil. 

Perennial grasses and forbs tended 
to be clustered. On mixed soil, fre- 
quencies of perennial plants 6 
inches distant from Salina wildrye, 
galleta, and fleabane (Erigeron 
spp.) averaged 23, 14, and 7%, re- 
spectively. For the soil type as a 
whole it averaged 4%. On sandy 
soil plant frequency near galleta 
averaged 13% as compared to 6% 
for the entire type. The fact that 
most plants closely associated with 
one another were the same species 
suggests that aggregation resulted 
from spread of parent plants. 

Discussion and Conclusions 

Vegetation on Badger Wash re- 
flected soil differences more clearly 
than it did influences of grazing 
or livestock exclusion. Wherever 
marked differences in soil on salt- 
desert shrub ranges are apparent, 
they should be considered in evalu- 
ating site potential and in inter- 

preting responses of vegetation to 
grazing management. 

Failure of ground cover to in- 
crease appreciably after livestock 
were excluded probably was due to 
low site potential and to drought. 
Although sandy loam soils evi- 
dently were capable of supporting 
a relatively dense cover, those 
derived from shale or a mixture of 
shale and sandstone were generally 
shallow, highly alkaline, and low 
in infiltration capacity (Lusby et al. 
1963). 

That weather was generally un- 
favorable for plant growth is in- 
dicated by the fact that precipita- 
tion at Fruita, Colorado was below 
average in 8 of the 10 years from 
1954 to 1963. Except in 1957, when 
rainfall was unusually abundant, 
yearly amounts ranged from 4.64 
to 8.61 inches and averaged 6.62 
inches. Evidently, to remain in 
balance with available moisture 
supply, plant cover decreased, even 
though not grazed. 

From studies at the Desert Ex- 
perimental Range in Utah, Hutch- 
ings and Stewart (1953) concluded 
that moisture was the chief factor 
limiting plant growth. They noted 
that productivity of several common 
plants, including galleta, decreased 
about equally on grazed and non- 
grazed range during a lo-year 
drought. On Badger Wash, reduc- 
tions in galleta also were similar 
regardless of grazing. 

Evidence from this study further 
supports observations by Stewart 
et al. (1940) and Hutchings and 
Stewart (1953) that drought may 
cause relatively high mortality of 
shadscale, especially on sandy soil. 
The finding that young plants of 
shadscale were more numerous on 
grazed than ungrazed watersheds in 
1963 indicates that grazing tended 
to offset such losses. Grazing prob- 
ably reduces competition from as- 
sociated plants and thereby enables 
new plants to become established. 

For most perennial plants, con- 
ditions evidently were unfavorable 
for reproduction. Salina wildrye and 
squirrel tail on nongrazed range 

commonly produced seedstalks but 
few seedlings. Although Indian 
ricegrass seedlings were abundant 
on several occasions, few survived. 
Insects and rodents, in addition to 
drought, probably contributed to 
the losses. 

There is little doubt that plant 
and ground cover on grazed water- 
sheds declined, even though most 
forage plants were grazed less than 
recommended by Hutchings (1954). 
Both grazing and drought evidently 
contributed to the decline. In 1963 
shrub crowns were smaller, peren- 
nial grasses less vigorous, ground 
cover thinner, and annual plants 
more abundant than on nongrazed 
range. 

Of interest is that Greenes rabbit- 
brush was readily grazed, and that 
it decreased substantially under use 
that averaged 40%. Shantz and 
Peimeisel (1940) reported that this 
plant tended to increase under 
grazing. Broom snakeweed, long 
recognized as an indicator of over- 
grazing (Clements, 1920), decreased 
almost equally on grazed a nd non- 
grazed ranges, apparently because 
of drought. 

To summarize briefly, cover on 
Badger Wash watersheds varied 
mainly with soil characteristics. It 
failed to increase following live- 
stock exclusion because of drought 
and site limitation. Grazing com- 
bined with drought resulted in de- 
terioration of cover. Effects of site, 
weather, and grazing all are im- 
portant and none should be over- 
looked when appraising the condi- 
tion of salt-desert shrub ranges. 
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Highlight 

An intensive study was undertaken on a southern California range to 
elucidate the nutritive value of Atriplex ~o~ycurpu (Torr.) S. Wats. The in- 
vestigation was designed to show variations in forage values throughout the 
year and to denote, if any, the correlations between nutritive qualities and the 
environmental conditions. Forage samples were analyzed for protein, fat, 
calcium, phosphorus, fiber, total ash, and nitrogen free extract; total digestible 
nutrients were calculated from digestion coefficients. Although the results 
showed significant variations in forage value throughout the year, the nutri- 
tional requirements of a grazing animal were generally satisfied. Desert salt- 
bush can therefore serve as a dietary supplement and provide important nutri- 
tional components such as protein, calcium, phosphorus, and carotenoids when 
these components are less than adequate in the other available forage. 

Desert saltbush (A triplex poly- 
Carla (Torr.) S. Wats.) is an ever- 
green shrub native to the deserts of 
southwestern United States. As a 
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perennial it is often the only source 
of feed available when annual 
plants are dormant. When dry an- 
nual forage is plentiful, cattle graze 
the dry feed and supplement their 
diet by browsing desert saltbush. 
Range forage is sometimes less than 
adequate in essential nutrients and 
chemical analysis is necessary to 
elucidate such deficiencies. As man- 
agement is intensified, an under- 
standing of forage quality becomes 
increasingly important. 

The chemical composition of a 
broad class of forage species has 
been reported by numerous in- 
vestigators (Cook et al., 1959; 
Daniel, 1934; Hart et al., 1932; 
Stoddart, 1941; Weir and Torell, 
1959). Conspicuous changes in the 
chemical composition of grasses and 
forbs occur with their develop- 
ment (Fraps and Fudge, 1940; 
Gordon and Sampson, 1939; Patton 
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and Gieseker, 1942; Watkins, 1943). 
Although the calcium content gen- 
erally remains relatively constant, 
protein and phosphorus often de- 
crease with plant maturity. Fiber 
and nitrogen-free-extract, on the 
other hand, frequently increase. 
Other investigators (Cook and Har- 
ris, 1950) reported little change in 
the nutritive value of some desert 
shrubs through the grazing season. 
However, in a later study Cook et 
al., (1959) found that the nutritive 
value of the animals’ diet changed 
through the year because, with con- 
tinued grazing, the portion of the 
plant remaining for further con- 
sumption was continually changing. 
The present investigation was un- 
dertaken in an attempt to char- 
acterize the forage value of desert 
saltbush during all seasons of the 
year and to determine, if any, the 
correlation of forage values with 
environmental conditions. 

Materials and Methods 

Samples were collected from rep- 
resentative plants at a study area 
in the San Joaquin Valley near 
McKittrick, California at monthly 
intervals between November 1966 
and September 1967. Four plants 
were sampled from November to 
March, then, although only small 
samples were taken, four other 
plants were chosen to eliminate the 
possibility of measuring a harvest- 
ing treatment. Each sample was 
oven dried, separated into leaves, 
new stems, and old stems, and then 
ground for analysis. Stems larger 
than 6 mm (.25 inch) in diameter 
were not included in the sample. 

Fat (ether extract) and fiber de- 
terminations ~were made according 
to procedures of the Association 


