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ABSTRACT

The objectives of this study were (i) to examine soil nutrient pat-
terning in eastern Oregon plant communities dominated by sub-
species of Artemisia tridentata Nutt., and (ii) to compare soil nu-
trient levels between adjacent sites characterized by contrasting
amounts of sagebrush and perennial grasses. Horizontal and vertical
soil chemical patterns were evident on all sites. Surface concentra-
tions of nutrients were greatest under shrubs in comparison to in-
terspace and grass influenced soils. Values of total N, organic mat-
ter, K, and P tended to decrease with depth, while Mg concentrations
generally increased in lower soil horizons. Soil pH was generally
lower in upper soil horizons. Soil chemical differences between shrub,
interspace and bunchgrass influenced soils became less distinct with
increased soil depth. Differences in soil chemical levels between sites
with a high proportion of perennial grasses to shrubs and sites with
a low proportion of perennial grasses to shrubs were noted. However,
no consistent patterns were evident.

Additional Index Words: soil nutrients, nutrient patterns, Arfem-
isia tridenta Nutt.
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N SEMIARID RANGELANDS, modification of soils by
vegetation have resulted in distinct plant-induced
soil chemical patterns. Numerous studies have shown
this to be a common occurrence in shrub dominated
ecosystems (Fireman and Hayward, 1952; Rickard and
Keogh, 1968; Sharma and Tongway, 1973; Charley and
West, 1975). Accumulations and decomposition of
above and below ground litter have increased nutrient
levels under shrubs as compared to adjacent bare soil
zones (Bjerregard, 1971). Increased surface concentra-
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tions of total N, organic P, organic S, monovalent and
divalent cations and organic C generally occur be-
neath shrub canopies (Fireman and Hayward, 1952;
Tiedemann and Klemmedson, 1973; Charley and
West, 1975). Changes in soil pH have been shown to
be a function of the vegetation present on a site. In-
creased pH levels generally exist under halophytic
shrub species when compared to adjacent bare soil
areas (Sharma and Tongway, 1973), but tend to be
lower than surrounding soils for xerophytic shrub
communities on saline sites (Charley and West, 1975).
The net effects of these changes in the soil nutrient
capital in semiarid shrublands has been the partition-
ing of soil chemicals in a horizontal and vertical fash-
ion.

Although a few studies have documented soil chem-
ical patterns in big sagebrush (Artemisia tridentata
Nutt.) communities (Fireman and Hayward, 1952;
Charley and West, 1975; Fairchild and Brotherson,
1980), a comprehensive evaluation of sites differen-
tiated by subspecies of big sagebrush has not been per-
formed. Further, studies have not included compari-
sons of the perennial herbaceous component in the
evaluation of soil nutrient patterns nor examined dif-
ferences between sagebrush sites with a high propor-
tion of grasses compared to those with a denuded un-
derstory. The importance of examining soil nutrient
patterns for sagebrush grassland ecosystems are as fol-
lows: First, since rooting depth, litter quality, and plant
phenology differ for species within a community, an
evaluation of soil nutrient patterns may provide an
increased understanding of structural and functional
relationships in big sagebrush plant communities. Sec-
ond, a comparison of these patterns for sites with a
large proportion of high seral grasses vs. sites with a
decreased understory may indicate shifts in soil fer-
tility which have resulted from retrogression or im-
provement. These changes may perpetuate big sage-
brush on sites in poor range condition.

The primary objectives of this research were: (i) to
examine soil chemical patterning in eastern Oregon
plant communities dominated by subspecies of big
sagebrush, and (ii) to compare soil chemical levels be-
tween sites characterized by contrasting amounts of
shrubs and perennial grasses.
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STUDY AREA

Sample areas were selected by locating adjacent, mature
stands of vegetation which had contrasting amounts of sage-
brush to perennial grasses. These stands of vegetation were
assumed to represent previously similar plant communities
which, through different land use practices, had developed
divergent stands of vegetation. Sites were of similar topog-
raphy and parent materials. Within each plant community,
one had a high proportion of perennial grasses to shrubs and
the other stand had a low proportion of perennial grasses to
shrubs. These will be referred to in this discussion as high
grass-low shrub (HGLS) and low grass-high shrub (LGHS)
sites of a particular plant community.

The following procedures, modified from Poulton and
Tisdale (1961), were used to describe the species present
within HGLS and LGHS sites. At each site, a circular
marcoplot with a 25-m radius was located to be represent-
ative of the plant species present within the stands. Through
the center of each plot, a randomly located baseline was
established. Three 30-m by 1-cm transects at distances of 8
and 16 m on one side of the plot center and § m on the
other side of the plot center were established perpendicular
to the baseline. Along each transect at 3-m intervals, fre-
quency of all plant species present was determined utilizing
a 30-cm by 60-cm sampling frame. Thirty samples at each
site were recorded. Shrub and perennial grass cover using a
line-intercept approach was also determined along the three
30-m transects.

Plant communities were named on the basis of the sub-
species of big sagebrush and characteristic perennial grasses
present within the HGLS site. The following plant com-
munities were studied: Artemisia tridentata ssp. vaseyana/
Festuca idahoensis-Agropyron spicatum (ARTRV/FEID-
AGSP), Artemisia tridentata ssp. tridentata/Elymus cinereus
(ARTRT/ELCI) and Artemisia tridentata ssp. wyomingen-
sis/Stipa thurberiana (ARTRW/STTH). The ARTRT/ELCI
and ARTRW/STTH plant communities have been de-
scribed as habitat types (Winward, 1970; Hironaka, 1979)
and the ARTRV/FEID-AGSP plant community has been
recognized as a distinctly different plant community by
Sheehy (1975). The ARTRV/FEID-AGSP plant community
was located near Baker, OR. Both the ARTRT/ELCI and
ARTRW/STTH plant communities were studied at the
Squaw Butte Exp. Stn. west of Burns, OR. At each plant
community, a fence line separated HGLS and LGHS sites.

For the ARTRV/FEID-AGSP plant community, the HGLS
site had a history of fall sheep grazing, while the LGHS site
had been consistently grazed spring and summer by cattle.
Dominant high seral grass species in the HGLS site were
Festuca idahoensis and Agropyron spicatum, with Poa sand-
bergii the most common understory perennial grass present
on the LGHS site. The HGLS ARTRW/STTH and ARTRT/
ELCI sites were located in areas excluded from grazing the
past 40 years, while both LGHS sites are used as spring and
summer range by cattle. Elymus cinereus was the dominant
high seral understory grass species present on the HGLS
ARTRT/ELCI site. Sitanion hystrix and Stipa thurberiana
were most prevalent in the understory of the LGHS site.
Vegetation of the HGLS ARTRW/STTH site was charac-
terized by an understory dominance of Sitanion hystrix, Poa
sandbergii and Stipa thurberiana. Sitanion hystrix was the

dominant perennial grass species present in the adjacent
LGHS site.

At each study site, soil characteristics were noted. Vege-
tative and soils information in each of the three plant com-
munities is given in Table 1.

MATERIALS AND METHODS

For each plant community, the vegetation-soil resource
was stratified into the following functional groups: under-
shrub canopy (8), bare soil interspace (I), and under-grass
crown area (G). At each study site, 10 mature big sagebrush
plants were randomly located and served as collection areas
for the S soil samples. These 10 sagebrush plants were also
used as reference points for the selection of an equal number
of I and G sampling areas. Interspace soils adjacent to the
selected sagebrush plants were sampled for assessment of
nutrient levels, The immediate area around the selected
sagebrush plant frequently was void of a perennial bunch-
grass individual not influenced by the sagebrush canopy.
When this occurred, the nearest plant or plants which pro-
vided sufficient soils material for evaluation were selected
for sampling. When two grass species were selected for as-
sessment within a site, the 10 samples for the G functional
group were evenly split between the two species. These sam-
ples were then collectively analyzed. Agropyron spicatum and
Festuca idahoensis were sampled in the HGLS site of the
ARTRV/FEID-AGSP plant community, while Poa sand-
bergii was assessed on the adjacent LGHS site. For the
ARTRT/ELCI plant community, Elymus cinereus was eval-
uated on the HGLS site and Stipa thurberiana and Sitanion
hystrix sampled on the LGHS site. Grass species sampled
in the HGLS site of the ARTRW/STTH plant community
included Stipa thurberiana and Sitanicn hystrix, while Si-
tanion hystrix was the only species assessed on the adjacent
LGHS site.

Soils were sampled at three depths. At the ARTRV/FEID-
AGSP and ARTRW/STTH plant communities, depths of 0
to 10 cm, 10 to 20 ¢m, and 20 cm down to a restrictive
horizon were assessed. Soils on the ARTRT/ELCI plant
community were deeper and samples were taken from depths
of 0to 10 cm, 10 to 25 cm, and 25 cm to restrictive horizon.
Approximately 0.5 kg of soils was collected from each of
these depths. Under all surface conditions, superficial or-
ganic debris was removed prior to sampling. Following rec-
ommendations of Charley and West (1975), the zone of
maximum surface accumulation of sagebrush litter under
the shrub canopy was used as the site for vertical soil sam-
pling. Excavation of soils under bunchgrass plants was made
directly under the crown area.

Sampling the ARTRV/FEID-AGSP and ARTRT/ELCI
plant communities was performed during August 1980. The
ARTRW/STTH plant community was sampled during Au-
gust 1981. Within HGLS and LGHS sites at each plant com-
munity 180 soil samples were collected. Obvious root ma-
terial and organic debris were removed prior to chemical
analysis.

Soils analysis was performed at the Oregon State Univer-
sity Soil Testing Laboratory. The following evaluations were
performed: total N was determined using the Kjeldahl
method as outlined by Bremner and Edwards (1965); or-
ganic matter was estimated utilizing the wet oxidation-titra-
tion method of Walkley and Black (1934); assessment of

Table 1—Vegetation and soil characteristics of the study areas.

Shrub cover % Grass cover %
Elevation Site Soil texture of
Plant communities {m) Site location HGLS LGHS HGLS LGHS Soil classification surface horizon
ARTRV/FEID-AGSP 1066 NEWNE¥S524 TTSR41E 19.1 17.5 3.6 Typic Haploxerolls Loam
ARTRT/ELCI 1372 SEY48W1524 T24SR25E 20.0 26.0 27.5 8.2  Xerollic Durorthids Sandy loam
ARTRW/STTH 1372 SWuNE¥%4S35 T24SR25E 15.3 21.3 21.3 2.3 Xerollic Durorthids Sandy loam
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Table 2—Soil chemical characteristics in an ARTRV/FEID-AGSP plant community between shrub (S), interspace (I), and grass (G)
soil zones, at 3 depths for high grass-low shrub (HGLS) and low grass-high shrub (LGHS) sites.

I 0-10 em 10-20 cm > 20cm
Chemical
characteristic s I G s I G S I G
HGLS

Total N (% D.W.) 0.13abA* 0.12aD 0.16bG 0.11aAB 0.11aD 0.10aH 0.10aB 0.10aD 0.09aH
Organic matter

(% D.W.) 4.45aA 3.11dB 4.73aG 2.69aB 2.56aD 2.84aH 2.22aB 2.23aD 2.39aH
Pmgkg! 29.00aA 21.30bD 24.30abG 24,00aA 12.90bE 19.70abG 11.70aB 9.30aE 10.90aH
Kmgkg! 739.90aA 501.90bD 927.50aG 530.60aA 414.20aDE  577.30aH 363.10aB 347.90aE 410.20al
Ca (cmol(p*)kg') 13.01aA 12.31aD 12.35aG 13.13aA 14.06aDE 13.88aH 15.51aB 15.79aE 15.30al
Mg (cmol(p')kg!) 4.67aA 4.06aD 4.21aG 4.73aB 4.83aDE 4.52aGH 5.53aB 5.77aE 5.20aH
pH 6.47aA 6.34aD 6.54aG 6.59aA 6.56aDE 6.68aGH 6.68aA 6.71aE 6.79aH

LGHS

Total N (% D.W.) 0.21aA 0.13bD 0.15bG 0.09aB 0.12bD 0.10aH 0.13aB 0.09bE 0.09bH
Organic matter

1% D.W.) 4.86aA 3.47bD 3.70abG 2.27aB 3.20bD 2.42aH 3.41aC 2.24bE 2.18bH
Pmgkg! 42.80aA 25.70bD 22.80bG 14.20aB 22.20bD 15.50aH 23.60aC 11,70bE 10.40bI
Kmgkg! 956.00aA 511.80bD 592.80bG 421.50aB 449.80aDE  465.90aH 565.40aB 409.30bE 358.40b1
Ca (cmol(p*)kg '} 14.60aA 12.23bD 12.59bG 13.00aB 12.95abD 12.03bG 11.91aB 13.13bD 12.52abG
Mg {cmolip')kg') 4.87aA 4,27bD 4,33abG 4.58aA 4.30aD 4.37aG 3.95aB 4.67bD 4,70bG
pH 6.68aA 6.41bD 6.52abG 6.62aA 6.51abD 6.46bGH 6.56aA 6.63aD 6.56aH

* Similar lower case letters indicate nonsignificant differences {n = 0.05) at a particular soil depth and condition class for comparison of S, I, and G soil
chemical values. Similar capital letters denote nonsignificant differences holding S, I, and BG soil zones and condition class constant, but comparing

differences with depth.

extractable P was conducted using the procedure of Olsen
and Dean (1965). A modification of the technique outlined
by Pratt (1965) was used to assess extractable K. Instead of
a multiple extraction of soil by extractant a single equili-
bration of the sample was -used. Ca]cmm and Magnesium
levels were determined using an ammonium acetate method
(Peech et al., 1947, p. 25). Soil pH was measured by utilizing
a 1:2 soil/solution ratio and glass electrode pH (Jackson,
1958, p. 151-154).

Analysis of variance with a completely randomized design
and Tukey’s w-procedure were used to test differences (a =
0.05) between functional groups at a given soil horizon and
between soil horizons under a given functional group. A
student t-test was utilized to assess differences (« = 0.05)
between adjacent HGLS vs. LGHS plant communities (Steel
and Torrie, 1980). Owing to differences in year sampled,
parent matenal and geographic location, statistical analyses
of soil chemlcal characteristics between plant communities
were not performed.

RESULTS
Horizontal and Vertical Changes

The presence of shrubs significantly affected the
horizontal distribution of soil chemicals. Generally,
surface concentrations were significantly greater under
shrubs than adjacent interspace areas. This relation-
ship was particularly evident for both HGLS and
LGHS sites of the ARTRT/ELCI and ARTRW/STTH
plant communities, and the LGHS site of the ARTRV/
FEID-AGSP plant community (Tables 2, 3 and 4).

Accumulations of certain soil chemicals were sig-
nificantly greater in surface soils under the shrub can-
opy than soils influenced by grasses. This relationship
was evident for (i) total N, P, K, and Ca in the LGHS
site of the ARTRV/FEID-AGSP plant community
(Table 2), (ii) total N, organic matter and P in the
HGLS site and P, K, Ca, and Mg in the LGHS site of

Table 3—Soil chemical characteristics in an ARTRT/ELCI plant community between shrub (S), interspace (I), and grass (G) soil zones,
at 3 depths for high grass-low shrub (HGLS) and low grass-high shrub (LGHS) sites.

. 0-10 cm 10-25 ¢m > 25cm
Chemical
characteristics S 1 G S I G S I G
HGLS

Total N (% D.W.) 0.23aA* 0.14bD 0.15bG 0.10aB 0.08bE 0.09bH 0.07aB 0.07aE 0.07aH
Organic matter

(% D.W.) 4.96aA 2.59bD 3.24bG 1.86aB 1.51aE 1.62aH 1.00aB 1.14aE 1.12aH
P mgkg™ 57.40aA 37.90bD 32.10bG 28.00aB 20.60abE 18.60bH 7.90aC 4.80bF 5.20abl
Kmgkg™ 1622.20aA 961.20bD 1556.60RG 1414.50aA 1110.40bD 1145.,50abH 1059.70aB 986.20aD 938.90aH
Ca (cmol(p*lkg™ 10.65aA 9.26bD 9.33abG 9.31aB 9.60aD 9.55aG 9.24aB 9.78aD 9.58aG
Mg (cmol(p*)kg! 5.12aA 4.62aD 4.70aG 5.05aA 5.41bE 5.37bH 6.32aB 6.60aF 6.58al
pH 6.50aA 6.60abD 6.70bG 7.09aB 6.86DE 7.12aH 7.26aB 7.22aF 7.29aH

LGHS

Total N (% D.W.) 0.13aA 0.08bD 0.12aG 0.06aB 0.05aE 0.06aH 0.05aB 0.05aE 0.05aH
Organic matter

1% D.W.) 2.86aA 1.44bD 2.29aG 1.08aB 0.94aE 1.06aH 0.84aB 0.68abE 0.63bI
Pmgkg! 42.80aA 25.48bD 21.90bG 17.40aB 13.00aE 13.70aH 6.10aC 5.90aF 5.00al
Kmghkg! 1316.008A 731.30bD 869.50bG 996.50aAB  729.90bD 825.20abG 615.00aB 568.00aD 565.80aH
Ca (cmolip')kg! 8.91aA 7.98bD 7.96bG 8.955A 8.68aDE 8.77aG 9.68abA 9.02aE 10.20bH
Mg (cmol(p*)kg™') 4.27aA 3.80bD 4.10bG 4.67aA 4.65aE 4.91aH 5.65aB 5.71abF 6.15bI
pH 6.93aA 6.60bD 6.60bG 7.27aB 7.05aE 7.18aH 7.19aB 7.31aF 7.33aH

* Similar lower case letters indicate nonsignificant differences (@ = 0.05) at a particular soil depth and condition class for comparison of 8, I, and G soil
chemical values. Similar capital letters denote nonsignificant differences holding S, I, and BG soil zones and condition class constant, but comparmg
differences with depth.
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Table 4—Soil chemical characteristics in an ARTRW/STTH plant community between shrub (S), interspace (I), and grass (G) soil zones,
at 3 depths for high grass-low shrub (HGLS) and low grass-high shrub (LGHS) sites.

-10 - m >
Chemical 0 cm 10-20c 20 cm
characteristics S I G S 1 G S I G
HGLS .

Total N {% D.W.) 0.16aA* 0.08bD 0.10bG 0.08aB 0.06bDE 0.06bH 0.04aC 0.04aE 0.04al
Organic matter

(% D.W.) 3.84aA 1.60bD 2.21bG 1.87aB 1.12bE 1.24bH 0.81aC 0.72aF 0.61al
Pmgkg! 45.80aA 20.90bD 23.60bG 22.70aB 10.60bE 10.20bH 6.10aC 4.10aF 4.30al
Kmgkg! 1263.60aA 546.50bD 593.10bG 1032.560aA 599.60bD 553.20bH 478.20aB 515.30aD 452.80aH
Ca (cmol(p*)kg™) 8.16aA 6.67bD 6.84bG T7.78sA 7.65aE 7.711aG 8.07aA 8.49abE 8.90bH
Mg (cmol(pkg™) 3.91aA 3.51aD 3.61aG 4.23aA 4.94bE 4.63abH 5.68aB 6.40bF 6.00abl
pH 7.03aA 6.85bD 6.82abG T.44aB 7.36aE 7.31aH 7.48aB 7.66aF 7.60al

LGHS

Total N (% D.W.) 0.19aA 0.12bD 0.12bG 0.09aA 0.09aDE 0.08aH 0.07aB 0.07aE 0.07aH
Organic matter

{% D.W.) 4.06aA 2.17bD 2.51bG 1.53aB 1.51aDE 1.34aH 1.11aB 1.05aE 0.92aH
Pmgkg! 19.80aA 24.60aD 32.00aG 18.80aA 13.20abE 12.20bH 5.90aB 4.30aF 4.80al
Kmgkg! 1681.10aA 741.50bD 1001.70bG 965.00aB 651.00bD 627.10bH 443.30aC 388.40aE 389.00al
Ca (cmol({p*)kg™) 10.28aA 9.12aD 9.17aG 9.81aA 9.55aD 9.75aG 9.99aA 9.75aD 9.68aG
Mg (cmol(p)kg™" 4.89aA 4.565bD 4.88aG 5.60aB 5.65aE 6.01aH 6.19aC 6.10aF 6.13aH
pH T7.00aA 6.80aD 6.94aG 7.21aA 7.04bE 7.23aH 7.18abA 7.31bE 7.53bl

* Similar lower case letters indicate nonsignificant differences (o« = 0.05) at a particular soil depth and condition class for comparison of S, I, and G soil
chemical values. Similar capital letters denote nonsignificant differences holding S, I, and BG soil zones and condition class constant, but comparing

differences with depth.

the ARTRT/ELCI plant community (Table 3), and
(iii) total N, organic matter, and K within the LGHS
site, plus P and Ca in the HGLS site of the ARTRW/
STTH plant community (Table 4). Soil chemical con-
centrations between I and G influenced soils were often
not significantly different.

Other patterns in the spatial distribution of soil

chemicals indicated in Table 2, 3, and 4 included:

1) Less distinct soil chemical differences between S,
I, and G functional groups as soil depth in-
creased.

2) Decreased levels of total N, organic matter, K,
and P as soil depth increased, for all functional
groups,

3) Generally lower soil pH levels in the upper ho-
rizons than the lower horizons regardless of
functional group, although no significant change
with depth was detected for shrub influenced soils
on the ARTRV/FEID-AGSP community,

4) Greater concentrations of Mg in the lower soil
horizons, across functional groups, especially on
the ARTRT/ELCI and ARTRW/STTH plant
communities,

5) Either no change or an increased Ca concentra-
tion as depth increased for the I and G functional
groups.

HGLS vs. LGHS Comparisons

Surface concentrations of total N, organic matter,
P, K, Ca, and Mg with respect to plant community
for HGLS vs. LGHS sites are presented in Tables 2,
3, and 4. Surface pH values did not significantly differ
between adjacent sites except for S influenced soils on
the ARTRT/ELCI plant community. There, soil pH
was significantly greater on the LGHS site than the
HGLS site.

Although differences between absolute levels of soil
nutrients between HGLS and LGHS sites were indi-
cated in some instances, generalized trends across the
three plant communities were not evident. The HGLS
site of the ARTRT/ELCI plant community had sig-

nificantly greater concentrations of soil chemicals for
all functional groups in comparison to the LGHS plant
community except for P under shrubs and total N
under grasses.

Surface values of K, Ca, and Mg for the ARTRW/
STTH plant community were significantly higher
within the LGHS site than the HGLS site for all func-
tional groups. However, no significant differences in
total N for S and G influenced soils and organic matter
for all functional groups were noted between the HGLS
and LGHS sites. Phosphorus concentrations in the
HGLS site were significantly greater under shrubs but
significantly less under grasses in comparison to val-
ues in the LGHS site.

For the ARTRV/FEID-AGSP plant community,
surface concentrations under S influenced soils of total
N, P, K, and Ca were significantly greater on the LGHS
site in comparison to the HGLS site. The only soil
chemicals judged significantly different in the G func-
tional group were organic matter and K. Interspace
soils did not significantly differ in surface nutrient lev-
els across the three functional groups.

DISCUSSION

The examination of soil nutrient patterns for sage-
brush/grassland ecosystems provides insights into the
functional and structural relationships that exist on
these sites. Results of this research support other find-
ing that accumulations of soil chemicals under shrubs
concentrate the nutrient capital of these soils (Tiede-
mann and Klemmedson, 1973; Charley and West,
1975). This may be an important adaptation by arid
land shrubs which enable them to better cope with a
moisture limited environment. During relatively brief
periods of adequate soil moisture, optimization of up-
take by having an available source of nutrients in close
proximity to the plant would seemingly enhance
growth. These nutrient accumulations may improve
the competitiveness and perpetuation of shrubs in
semiarid ecosystems.
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Perennial grasses do not exhibit similar surface ac-
cumulations of soil nutrients as compared to shrubs.
One explanation may relate to differences in rooting
characteristics between shrubs and perennial grasses.
Grasses, such as those examined in this research, ex-
hibit root systems which are fibrous in nature and ex-
tend in a vertical fashion below the crown of the plant.
This is in contrast to sagebrush root systems which
have been shown to consist of a well-developed lateral
and vertical root network (Sturges, 1977). The net ef-
fect of a limited root system for grasses may be a rel-
atively small volume of soil available for nutrient ex-
traction. Sagebrush with an extensive root network
appears better adapted to remove soil nutrients from
adjacent interspace areas and deeper in the soil profile.

An interesting result of this research was the high
surface accumulations of K under sagebrush plants at
all locations and under grasses in the good condition
ARTRT/ELCI and ARTRV/FEID-AGSP plant com-
munities. Potassium is generally considered one of the
most mobile ions in leaves and is rapidly leached dur-
ing decomposition (Mack, 1977). The reason K is ac-
cumulated in upper soil horizons is not entirely clear.
The enhancement may be related to the volume of
soil available to the plant for root exploration, and the
subsequent uptake of K in excess of the plants’ needs.
The big sagebrush individuals and understory peren-
nial grasses accumulating K in the surface soil on the
various sites appeared to be larger and deeper rooted
than those which did not show this effect.

Potassium enrichment of upper soil horizons may
confer an ecological advantage with regard to nitrogen
metabolism. Potassium recirculation in the plant may
be an important factor in facilitating the uptake and
distribution of NO3-N (BenZioni et al., 1971; Arm-
strong and Kirkby, 1979). Because NO;-N tends to
be the dominant form of available N in the upper soil
layers for semiarid shrublands (Charley and West,
1977) and plant roots generally fully occupy these soil
horizons (Sturges, 1977; Cline et al., 1977), enhanced
levels of soil K may promote rapid absorption and
internal translocation of NOj-N during relatively brief
periods of active surface mineralization. Thus, min-
eral nutrition of the plant may be improved, and
growth accelerated when soil moisture is available.

As range condition declines, the composition and
percentage of the various functional groups apparently
shift in relation to one another. Our findings indicated
an increase in shrub cover and a decrease in bunch-
grass cover going from HGLS to LGHS site within
each plant community (Table 1). Although coverage
of interspace areas was not recorded, the percentage
of bare ground was noticeably greater in the LGHS
sites. The proportion of land area occupied by S and
I zones appears to increase at the expense of the G
component. This change represents a structural rear-
rangement of the soil nutrient capital. Although no
consistent increase or decrease in soil nutrient levels
within functional groups was noted as range condition
declined, one might expect the soil chemical resource
to become more strongly differentiated into zones of
surface nutrient accumulations. This would result from
an increased prevalence of the shrub component. How
this change influences mineral cycling dynamics of

sagebrush/grassland ecosystems requires further re-
search.
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