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Abstract Arid environments are characterized by spa-
tial and temporal variation in water and nitrogen avail-
ability. Differences in §!°N and 8D of four co-occurring
species reveal contrasting patterns of plant resource
acquisition in response to this variation. Mineraliz-
ation potential and nitrogen concentration of surface
soils associated with plant canopies were greater than
inter-canopy locations, and values decreased with in-
creasing depth in both locations. Mineralization poten-
tial and nitrogen concentration were both negatively
correlated with soil 8'3N. The spatial variation in soil
515N caused corresponding changes in plant 5!*N such
that plant 5! °N values were negatively correlated with
nitrogen concentration of surface soils. Plants occur-
ring on soils with relatively high nitrogen concen-
trations had lower 8'°N, and higher leaf nitrogen
concentrations, than plants occurring on soils with
relatively low nitrogen concentrations. Two general
temporal patterns of water and nitrogen use were
apparent. Three species (Juniperus, Pinus and
Artemisia) relied on the episodic availability of water
and nitrogen at the soil surface. 8'°N values did not
vary through the year, while xylem pressure potentials
and stem-water 8D values fluctuated with changes in
soil moisture at the soil surface. In contrast,
Chrysothamnus switched to a more stable water and
nitrogen source during drought. 8'°N values of

R. D. Evans! - I. R. Ehleringer

Stable Isotope Ratio Facility for Environmental Research,
Department of Biology,

University of Utah,

Salt Lake City, UT 84112, USA

Present address:

LR, D. Evans ()

Department of Biological Sciences,
University of Arkansas,
Fayetteville, AR 72701, USA

Chrysothamnus increased throughout the year, while
xylem pressure potentials and stem-water 6D values
remained constant. The contrasting patterns of re-
source acquisition have important implications for
community stability following disturbance. Distur-
bance can cause a decrease in nitrogen concentration at
the soil surface, and so plants that rely on surface water
and nitrogen may be more susceptible than those that
switch to more stable water and nitrogen sources at
depth during drought.
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Introduction

Understanding patterns of plant resource acquisition
and plant tolerance to resource limitation is crucial for
the interpretation of community dynamics and stability
in the face of anthropogenic change. Several resource
limitations often interact to decrease plant productivity
(Chapin et al. 1987). In arid regions, productivity is
clearly limited by water stress, but productivity is also
limited by nitrogen, and nitrogen addition alone
(Fischer et al. 1988), or in addition to supplemental
watering (Ettershank et al. 1978; Sharifi et al. 1988;
Miller et al. 1991}, can increase plant growth.
Disturbance can cause spatial heterogeneity in soil
nitrogen concentration. In the Chihuahuan Desert of
North America, disturbance has caused a shift in spe-
cies composition from grassland to shrubs (Schlesinger
et al. 1990). Nutrients are localized under shrubs, and
soil fertility decreases between shrubs due to erosion
and gaseous nitrogen loss (Schlesinger et al. 1990).
Disturbance can also increase spatial variability in
semi-arid woodlands of the southwestern United
States. Soils are covered by a cryptobiotic crust com-
posed of cyanobacteria, lichens, moss, and fungi
(Harper and Marble 1988). Nitrogen fixation by the
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lichens and cyanobacteria in the cryptobiotic crust is
a primary source of nitrogen input (Evans and Ehlerin-
ger 1993). Nitrogen fixation does not occur following
disturbance (Belnap 1993), but organic matter de-
composition and gaseous loss continue causing lower
soil nitrogen concentrations in disturbed areas.

Water availability in most arid regions is episodic,
with drought alternating with periods of relatively high
soil moisture following precipitation. Many species tol-
erate drought by abscising leaves, lowering stomatal
conductance, and maintaining cell turgor (Schulze
1986; Turner 1986). However, other species avoid se-
vere water stress by using more stable water sources
located at depth in the soil (Ehleringer et al. 1991;
Flanagan et al. 1992). The response of species to in-
creases in soil water following drought can be variable;
annuals, succulent perennials, and herbaceous peren-
nials often use surface soil water following rain, but
many woody perennials continue to rely on the more
stable water sources found at depth (Ehleringer et al.
1991; Flanagan et al. 1992),

Patterns of water use can have a direct impact on
plant nitrogen dynamics, Spatial variation in soil nitro-
gen is common in arid environments; soil nitrogen
concentrations are highest at the soil surface and de-
crease rapidly with depth (Charley and West 1977;
Burke 1989; Evans and Ehleringer 1993). A trade-off
may therefore be expected between nitrogen and water
acquisition. Plants that tolerate drought and respond
to increases in water availability at the soil surface
would have access to soil with relatively high nitrogen
concentrations, while species that avoid drought by
obtaining water at depth may have to rely on soil with
relatively low nitrogen concentrations.

Variation in the 8'°N and 3D of plant nitrogen and
water, respectively, provides a means to address specific
hypotheses concerning plant resource acquisition. The
isotopic composition of soil nitrogen varies due to
differences in nitrogen inputs into the soil and sub-
sequent fractionation during mineralization and gas-
eous nitrogen loss (Nadelhoffer and Fry 1988). Spatial
variation in the isotopic composition of soil water
exists because of seasonal differences in the isotopic
composition of precipitation, fractionation during
evaporation of water from the soil, and differences in
isotopic composition between soil water and ground
water (Ehleringer and Dawson 1992). Isotopic frac-
tionation does not occur during nitrogen (Mariotti et
al. 1982; Yoneyama and Kaneko 1989) or water (White
et al. 1985, Dawson and Ehleringer 1991) uptake by
roots, and so differences in the isotopic composition of
nitrogen or water beiween plants reflects the use of
different resource pools within the soil (Virginia and
Delwiche 1982; Shearer et al. 1983; White et al. 1985;
Garten 1993).

This study examines (1) plant nitrogen dynamics
associated with spatial variation in soil nitrogen and (2)
the potential trade-off between contrasting temporal

patterns of nitrogen and water use. The study site is
a semi-arid woodland that has been the location for
past studies of plant water use (Flanagan et al. 1992)
and soil nitrogen dynamics (Evans and Ehleringer
1993). Soil nitrogen concentration is heterogeneous at
the soil surface due to disturbance of the cryptobiotic
crust, and there is a strong negative correlation be-
tween soil 3!°N and nitrogen concentration (Evans and
Ehleringer 1993). The dominant species have contrast-
ing patterns of water use (Flanagan et al. 1992). One
shrub (Artemisia tridentata) and one tree (Pinus edulis)
species respond readily to precipitation following
drought, while a second shrub species (Chrysothamnus
nauseosus) continues to use more stable water sources
at depth. The response of a second tree species (Juni-
perus osteosperma) is variable. We addressed three
questions. First, do spatial differences in nitrogen con-
centration cause differences in the amount of nitrogen
that is potentially available for plant assimilation? Sec-
ond, do spatial patterns of plant 3'°N correlate with
soil 8'°N, and therefore with soil nitrogen concentra-
tton? Third, do trade-offs exist between temporal pat-
terns of water and nitrogen acquisition?

Material and methods

The study site was located near Coral Pink Sand Dunes State Park
(latitude 37°03, longitude 112°45") in south-central Utah, USA. This
site is adjacent to plots used in previous studies (Flanagan and
Ehleringer 1991; Flanagan et al. 1992). The soils are acolian deposits;
development of soil horizons was not apparent, and fine roots were
not observed below 25 cm.

Five plots, separated by at least 50 m, were established on 18
March 1991. One individual plant of Juniperus, Pinus, and
Chrysothamnus was tagged in each plot for measurement through-
out the study. Two individuals of Artemisia were tagged in each plot:
one located under the Juniperus canopy and a second located in the
open spaces between tree canopies. Hereafter, intra-canopy location
refers to tree (Juniperus or Pinus) canopies, while inter-canopy refers
to locations between the tree canopies.

Soil nitrogen and water

Soil samples for nitrogen and water analysis were collected through-
out the growing season. Samples for the intra-canopy were collected
beneath the Juniperus 0.5 m from the canopy edge. Two inter-cano-
py locations were sampled: 0.5 m from the primary stem of the
Artemisia, and a bare area at least 1 m from any plant. Two sub-
samples were gathered from each location and subsamples were
combined for all analyses. Samples were collected at depths of
0-0.1 m, 0.15-0.25 m, 0.45-0.55 m, and 0.95-1.05m, using a soil
auger. Depths refer to mineral soil and do not include litter layers.
Litter, when present, consisted of loose plant material.

Each soil sample was divided into three fractions at the time of
collection. The first was placed into a 25 ml screw-top vial, sealed
with parafilm, and frozen on dry ice for later analysis of the isotopic
composition of hydrogen within soil water. The second fraction, for
NH; and NO; analysis, was placed in a sample tin, sealed with
electrical tape, and frozen on dry ice. The third fraction, for deter-
mination of soil moisture, was placed in a sample tin, sealed with
electrical tape, and stored in a cooler on ice. A fourth fraction was



collected in March for determination of total soil nitrogen and for
potential mineralization experiments. This fraction was collected
into a sample tin, sealed with electrical tape, and stored on ice.

Soiis samples for NH; and NO; analyses were stored in the
laboratory at — 30°C. Inorganic nitrogen was extracted in 5:1
(v/w) 2 M KCl after passing the soil through a 2 mm sieve. The NH
in the extract was measured using an autoanalyzer (Model CFA-200,
Scientific Instruments, Hawthorne, NY, USA). Devarda alloy was
then added to the extract to reduce NO; to NH; (Keeney and
Nelson 1982), and the NH] concentration again determined. The
amount of NO; was taken to be the difference between the final and
initial NH; concentrations.

Total soil nitrogen was determined in duplicate for each sample
by Kjeldahl analysis. Soil samples (ca. 2 g DW) were passed through
a 2 mm sieve, combined with 4 ml 18 M H,80,, 1.5 g K,80,, and
50 mg CuSO, - SH,0, heated at 100° C for 1 b, followed by heating
at 350°C for 6h on a block digestor (Model AD-40, Scientific
Instruments, Hawthorne, NY, USA}, The NH; in the digest was
determined using the autoanalyzer.

Over small gradients, total soil nitrogen concentration may not
accurately indicate the potential for soils to produce nitrogen avail-
able for plants (Binkley and Vitousek 1989), and so mineralizable
nitrogen determined from anaerobic incubations was used as an
index of potential plant-available nitrogen {(Keeney 1982; Binkiey
and Vitousek 1989). Duplicate samples were sealed in 25-ml vials
under waterlogged conditions and incubated for 14 days at 40°C
(Keeney 1982). The NH; in each sample was measured using the
autoanalyzer before and after the incubation, following extraction
with 2 M KCl. Mineralizable nitrogen was calculated as the differ-
ence between the final and initial NH; concentrations.

Samples for determination of soil moisture were divided into three
subsamples. Soil moisture was measured gravimetrically after drying
each subsample at 75° C for at least 48 h,

Plant nitrogen and water

Leaf samples for analysis of nitrogen isotopic composition were
collected from each of the tagged plants throughout the year. Leaf
material was gathered from all sides of the canopy, and samples were
divided into the current year’s new growth and growth that occurred
during the previous year. Leaf samples were also gathered from
Senecio spartioides, a shallow-rooted herbaceous perennial, during
May. All leaf material was dried at 75° C for at lcast 48 h and then
ground.

Xylem pressure potentials for all individuals were measured be-
fore dawn on each date using a pressure chamber (Model 1000, PMS
Instrument Company, Corvallis, Ore., USA). Two measurements
were made for each plant. Stem samples were collected on each date
for measurement of the isotopic composition of hydrogen within
xylem water. Collection procedures followed Flanagan et al. {1992).

Isotopic analysis

The isotopic composition of nitrogen within leaf and soil samples
were analyzed following Evans and Ehleringer (1993). The isotopic
composition of hydrogen within soil and plant water was analyzed
following Flanagan et al. (1992). All isotope ratios were determined
on a mass spectrometer (Delta S, Finnigan MAT, San Jose, Calif.
USA). Isotope ratios are expressed in delta (8) notation as

58X = (__R,m,.e -
Rs(andard

where X is either nitrogen or hydrogen, and R refers to the ratio of the
heavier to the lighter isotope for the sample and standard. The standard
used for 815N is atmospheric nitrogen, and the standard for 8D is
standard mean ocean water (SMOW).

1))( 1000%o
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Statistical analysis

The slopes and intercepts of correlation equations were tested fol-
lowing Neter et al. (1985). Potential mineralization (depth x loca-
tion), plant 3'3N (age x date), and plant xylem pressure potentials
and 8D (date x species) were analyzed as a two-factor [actorial
within a randomized block experimental design. Soil inorganic ni-
trogen, 8D, and soil moisture were analyzed as a three-factor
(depth x location x date) factorial within a randomized block experi-
mental design. Comparison between inter- and intra-canopy loca-
tions, and species compatrisons were analyzed as a single factor
within a randomized block experimental design. All statistical com-
parisons were made using full and reduced regression models (Neter
et al. 1985). Mean values were compared using a Waller-Duncan
multiple range test.

Results
Soil nitrogen

Mineralizable nitrogen exhibited considerable spatial
variation within the soil (Fig. 1!). Mineralizable
nitrogen was greatest in surface soils in intra-
canopy locations, and values were over 55% greater
than inter-canopy locations. Mineralizable nitrogen
was not significantly different between inter-canopy
soils at any depth. Mineralizable nitrogen decreased
significantly with depth for all locations: from 11.3
to 1.8ug NHi-Ng~! under Juniperus canopies,
and from 7.2 to 1.8 pg NHI-Ng~! for soils in the
inter-canopy.

Mineralizable nitrogen was dependent upon total
soil nitrogen concentration at all locations (Fig. 2).
Netther the slopes (P = 0.4334) nor intercepts (P =
0.6047) of the correlation equations were significantly

Mineralizable N (ug (NHZ)-N/ g)
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Fig. 1 Mineralizable nitrogen for soils located beneath Juniperus
osteosperma in the intra-canopy, or in bare areas or adjacent to
Artemisia tridentata in the inter-canopy. Soil depth is distance below
the surface of the mineral soil. Each point is the mean ( + SE) of
three values
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Fig. 2 The relationship between mineralizable nitrogen and total
soil nitrogen for soils located beneath Juniperus osteosperma in the
intra-canopy, or in bare areas or adjacent to Artemisia tridentata in
the inter-canopy. Each point is the mean of three observations for
a single depth at a location. The statistical correlations for the three
locations are not significantly different
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Fig. 3 The relationship between mineralizable nitrogen and total
soil 81°N for soils located beneath Juniperus osteosperma in the
intra-canopy, or in bare areas or adjacent to Artemisia tridentata in
the inter-canopy. The statistical correlations for the three locations
are not significantly different

different, indicating that the relationship between min-
eralizable nitrogen and total soil nitrogen was identical
for all locations at the site. The relationship between
mineralizable nitrogen and total soil nitrogen was pos-
itive and the intercept was not significantly different
from zero (P = 0.4391).

Mineralizable nitrogen was also strongly correlated
with the §'5N of total soil nitrogen for all locations
(Fig. 3). As with total soil nitrogen, neither the slopes
(P = 0.5231) nor intercepts (P = 0.4391) were signifi-
cantly different among locations. This indicates that the
potential to produce plant-available nitrogen was dir-
ectly correlated with the 8'°N of total soil nitrogen,
regardless of spatial location.

Soil inorganic nitrogen concentration varied both
spatially and temporally (Fig. 4). Surface soils in
the intra-canopy had significantly greater total
inorganic nitrogen concentrations than inter-canopy
soils during May. Inorganic nitrogen concentrations
in the intra-canopy were over 150% greater than
soils located in either inter-canopy location, and
this difference can almost entirely be attributed to
higher concentrations of NOj. Inorganic nitrogen
concentrations did not differ between locations
below 0.1 m depth. Soil in the intra-canopy also
had significantly greater inorganic nitrogen con-
centrations during July, but concentrations for
all depths and locations were generally less than
20pugNg-1.

The greatest inorganic nitrogen concentrations oc-
curred during September shortly after a rain storm.
Surface soils under Juniperus (6.5 ugNg™*) in the
intra-canopy and adjacent to Artemisia (4.7 ugN g™
in the inter-canopy had greater total inorganic nitrogen
concentrations than soils located in the bare spaces
(1.5 pg N g™, due to higher concentrations of NOj.
NH; concentrations were also greatest under Juni-
perus canopies.

Plant nitrogen

The §'°N of the dominant plant species was signifi-
cantly different between locations (Table 1). The mean
3!>N of plants located in the intra-canopy was 0.9%o,
compared to 2.7%e for plants located in the inter-cano-
py. The 5'°N was not significantly different between
plants in the inter-canopy spaces. Juniperus did have
significantly lower 3'°N values than other species in
intra-canopy locations, but no other species were sig-
nificantly different (X = 1.1%o).

The 8'°N of Artemisia and Juniperus foliage did not
vary seasonally (Fig. 5). The mean 85N values for all
measurements were 0.3%o for Juniperus, and 1.1%0 and
2.6%o for Artemisia in the intra- and inter-canopy loca-
tions, respectively. 83N of Pinus did vary between
sampling dates: 3'°N values in September and March
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were significantly greater than values in May. How-
ever, this difference was less than 0.6%o. Chrysothamnus
leaves exhibited the greatest seasonal change in 8!°N.
Values increased throughout the year, from 2.6%. after
leaf flush in May to over 4,.5%, in September.

In no instance did 3'°N differ between different aged
leaves for any species (Fig. 5). The maximum difference
was 0.3%. for Juniperus in July, and all other differences
were less than 0.2%.. The 8'°N value for Juniperus
leaf litter underneath the tree canopies (% = 0.4%)
was not significantly different from Juniperus foliage
(X = 0.3%o).

Plant and soil water

Xylem pressure potentials exhibited contrasting pat-
terns among species throughout the year (Fig. 6).
Xylem pressure potentials were above — 0.8 MPa for
Artemisia, Juniperus, and Pinus during May, and de-
clined to a low of — 2.1 MPa for Pinus and Artemisia,
and — 2.8 MPa for Juniperus, during August, Xylem

pressure potentials for all three species increased above

— 1.0 MPa following rain in September. In contrast to
other species, xylem pressure potentials of Chrysotham-
nus did not change significantly throughout the year
(¥ = — 0.7 MPa).

Soil moisture was not significantly different between
locations at any time during the year, and so values are
presented as means of inter- and intra-canopy loca-
tions. Soil moisture increased with depth during May
and July (Fig. 7); soil moisture at 1.0 m was 3.2% in
May and 1.7% during July. Soil moisture at 0.05 m was
0.3% on both dates. Soil moisture at 1 m continued to
decline through the summer and values decreased to
1.1% during September. A rainstorm saturated the
upper 0.5 m of the soil 2 days prior to sampling during
September, and soil moisture increased to 4.5% in the
upper (.25 m of the soil.

The 8D of soil water also did not differ between
canopy locations throughout the year: the maximum
difference was during July at 1 m depth, when the 8D of
soils under the Juniperus canopy was 8% less than soils
in the inter-canopy spaces. 8D did not vary with depth
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Table 1 The §'*N of the dominant plant species near Coral Pink
State Park during May. Intra-canopy indicates plants associated
with tree (Pinus or Juniperus) canopies, and inter-canopy refers to
plants located between tree canopies

Species Intra-canopy  Inter-canopy
Juniperus osteosperma 02103

Pinus edulis 10403

Artemisia tridentata 1.1+£03 27+04
Chrysothamnus nauseosus 2.6+ 0.5
Senecio spartioides 1.1 +01 20404

during May (x = — 111%q). The 8D of soil water varied
with depth during July, as 6D at (.2 m increased to
— 99%.. 6D values were not significantly different be-
tween other depths (¥ = — 111%o). The rainstorm dur-
ing September caused significant increases in 8D in the
top 0.5 m of the soil. Soil water 8D increased to — 57%o
in the top 0.25 m of the soil, and to — 95%. at 0.5 m. §D
at 1 m was — 98%. during September.

The 8D of xylem water exhibited contrasting pat-
terns throughout the season among the four species
(Fig. 7). 8D did not differ between species during May
(x = — 108%o). The stem water 8D of Pinus and Juni-
perus were not significantly different in July
(X = — 105%c). Artemisia had significantly lower 8D
{ — 114%o) than either tree species. Both Artemisia and
Pinus responded to rain in September. The 8D values
increased to — 59 and — 61%. for Artemisia and Pinus,
respectively. However, Chrysothamnus did not respond
to the rain during September. The response to summer
rain by Junmiperus individuals was not uniform; one
group of individuals all had stem-water 8D values less

than 85%c (x = — 95%.), while another had values
greater than 60%. (X = — 58%o).

Artemisia comparison

Artemisia was the only species that occurred in both
intra- and inter-canopy locations. Nitrogen concentra-
tions of plants in the intra-canopy location were over
20% greater than those in the inter-canopy location,
and this corresponded to a 1.6%. difference in leaf 3!°N
(Table 2). The nitrogen concentrations of soil in the
intra-canopy location were over 60% greater than
those in the inter-canopy locations, corresponding to
a 1.9%. difference in !°N. Xylem pressure potentials
and stem-water 3D were not significantly different be-
tween plants growing in the two locations (Table 2).

Discusslon
Spatial patterns

Plant 8'5N values directly reflect spatial variability in
soil 8!°N. Direct comparisons between soil and plant
815N are not valid because fractionation may alter the
81°N of plant-available nitrogen compared to organic
nitrogen (Shearer and Kohl 1986; Nadelhoffer and Fry
1988). However, the 8!°N values of species at each
location closely match that of Senecio. The roots of this
herbaceous species were observed only in the top 20 cm
of the soil, and so Senecio serves as a “reference plant”
(sensu Shearer and Kohl 1986) for the 8'°N of plant-
available nitrogen at this depth. The similarity in §*5N
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Fig. 6 The xylem pressure potential before dawn of the dominant
species near Coral Pink State Park. Values for Artemisia iridentata
are from shrubs in the inter-canopy locations. Leaves of
Chrysothamnus nauseosus were not present during May. Each point
is the mean { + SE) of five observations

between Senecio and the woody perennials at each
spatial location suggests that in spring, all species
were preferentially using nitrogen from the top 20 cm of
the soil.
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The !N of the plant-available inorganic nitrogen
pool can be modified relative to the organic nitrogen
pool by mineralization, nitrification, immobilization,
and gaseous nitrogen loss (Nadelhoffer and Fry 1994),
and the fractionation associated with each can be sig-
nificant (Shearer and Kohl 1986; Handley and Raven
1992). Fractionation during mineralization is likely to
be the controlling factor for the pattern observed here.
The differences between the 3!*N of inorganic nitrogen
as estimated using Senecio and that of soil organic
nitrogen was alike for inter- ( — 3.1%0) and intra-
canopy ( — 3.0%q} locations, and both values are similar
to earlier estimates of discrimination during net
mineralization ( — 1.8%.) (Evans and Ehleringer 1993).

The increase in soil 8'*N as nitrogen concentration
decreases follows a Rayleigh Distillation model (Evans
and Ehleringer 1993). This model predicts that de-
composition and subsequent gaseous nitrogen loss will
cause a decrease in soil nitrogen concentration, and
fractionation during these processes will increase the
8'5N of residual soil nitrogen (Nadelhoffer and Fry
1994). Nitrogen input from decomposition of the
cryptobiotic crust (3'°N = — 0.4%c) will cause the
315N of undisturbed soils to remain relatively low at
the soil surface, but nitrogen input does not continue in
disturbed locations resulting in lower nitrogen concen-
trations and greater 8!°N as decomposition continues.
The importance of the cryptobiotic crust was apparent
in the 3'°N values of plants in the intra-canopy loca-
tions. The 8'5N of species in arid regions that derive
a significant amount of nitrogen from nitrogen fixation
will approach 0%o (Shearer et al. 1983), while the §'°N
of species not capable of nitrogen fixation is usually

Fig. 7 Percentage soil moisture, ; i 9
an%:l the 8D of seil and plant Soil Moisture (%) 8.D (%)
water near Coral Pink State 0.0 1020 30 40 50 -120 -100 -80 -80 -40
Park. Soil moisture and 8D were 0.0 T T T T 1 0.0 T T T v T " ]
not significantly different
between locations, and values ’é‘ 02k o0zt
were grouped for each depth on  ~—
a sampling date. Soil depth is = 0.4k 0.4f
distance below the surface of the % )
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Table 2. Characteristics of Artemisia
tridentata and soils in the inter- and

Intra-canopy Inter-canopy Significance

intra-canopy locations. Soil values are

for the 0-0.10 m depth. ns no significant ~ A7ferHsia
difference, X PP predawn xylem ?\;510\1 (%0) Ll £03 27 +£04 p < 00001
pressure potential \ (%} 29 +02 24 +02 p < 0.0001
SD (%a) July —114 +2 - 119 +4 ns
September -5 +2 —62 +5 ns
XPP (MPa) July - 1.9 +0l1 -21 £02 ns
September - 1.1 +01 —10 +01 ns
Soil
353N (%o) 4.1 +£00 6.0 +00 p < 0.0001
N (%) 0.44 + 0.03 0.29 £ 007 p < 0.0001

greater than 5%. (Shearer et al. 1983; Ehleringer et al.
1992). However, the 8'*N of all species in intra-canopy
locations approached 0%., even though none are ca-
pable of nitrogen fixation.

Mineralization potential was strongly correlated
with soil 8'*N. Mineralization rates are determined by
available substrate, temperature, and moisture. In the
experiments presented here, temperature and moisture
were held constant, and so differences were directly
related to nitrogen concentration. Soil 8'°N is also
mechanistically linked to soil nitrogen concentration,
and so the correlation between 8!°N and mineraliz-
ation potential is not unexpected. This relationship
suggests that plant 8'°N values may reflect the poten-
tial for the nitrogen source to produce plant-available
nitrogen. This was apparent for Artemisia. Individuals
growing intra-canopy had lower 8!°N values and high-
er leaf nitrogen concentrations than individuals in the
inter-canopy. Artemisia often responds to an increase in
available nitrogen by increasing leaf nitrogen concen-
tration (Doescher et al. 1990). An increase in leaf nitro-
gen is significant, because leaf photosynthetic rates are
often strongly correlated with leaf nitrogen
concentration (Field and Mooney 1986), and maximum
photosynthetic rates are directly related to leaf nitrogen
concentration in Artemisia (Delucia and Schlesinger
1991), Pinus (Lajtha and Barnes 1991), and Juniperus
{Marshall et al., In press).

The inter-specific differences in plant 8'°N values
within a location were small ( < 0.4%), except for Juni-
perus growing in intra-canopy locations ( > 0.8%o). Dif-
ferences in mycorrhizal associations between species
can cause similar differences in plant '°N values: Hog-
berg (1990) observed that species with VA (vesicular
arbuscular) mycorrhizae had §'3N values that were
1-2.5%0 less than trees with ecto-mycorrhizae. How-
ever, all species in this study are associated with VA
mycorrhizae, except for Pinus, whose association is
ecto-mycorrhizal (M. Allen, personal communication).
The differences in 8!°N observed between Juniperus
and the other species may instead be explained by the
distribution of hyphae within the soil. The hyphae of
mycorrhizae associated with Juniperus intermix with

the cryptobiotic crust, while those of Artemisia, Pinus,
and Chrysothamnus are distributed below the crust (M.
Allen, personal communication). This distribution may
explain the differences in plant 8'3N values; hyphae of
Juniperus are located closer to cryptobiotic crust and
therefore would utilize nitrogen from organic matter
that had undergone less decomposition than that found
slightly deeper in the soil.

Temporal patterns

Temporal patterns of nitrogen acquisition were closely
tied to patterns of water use. All species had similar
xylem pressure potentials and 8D during May. The
uniformity of soil water 8§D precludes any estimation of
active zones of water uptake, but the similarity in 3!°N
between Senecio and the other species indicates all were
acquiring nitrogen from near the soil surface. Two
patterns of response to water deficits were observed as
soils dried during July. The xylem pressure potentials
and 8D of Pinus, Artemisia, and Juniperus all changed
in response to the episodic availability of water at the
soil surface. In contrast, Chrysothamnus apparently
switched to a more constant water source at depth in
the soil; xylem pressure potentials did not change dur-
ing drought, and no response was observed to in-
creased soil water following rain during September.
This is the same pattern observed in previous years at
this site (Flanagan and Ehleringer 1991; Flanagan et al.
1992},

The temporal availability of plant-available inor-
ganic nitrogen near the soil surface is likely to be
episodic. NO; and NHJ concentrations were low
during July, but this may result from plant uptake
rather than low availability (Binkley and Vitousek
1989). The pattern of soil water 8D suggests low
availability. The increase in 8D at 0.2 m is character-
istic of fractionation during evaporation and move-
ment of water through the soil (Barnes and Allison
1988). The point of the maximum 8D value is where
most evaporation is taking place (Barnes and Allison
1983), because fractionation during evaporation causes



water to become isotopically heavier over time. Water
moves above this point as a vapor by diffusion, while
water transport below this maximum is via liquid
transport toward the evaporating surface (Barnes and
Allison 1983). Water movement primarily in the vapor
phase would not be conducive to diffusion of nutrients
to the root (Nye and Tinker 1977).

The 8'°N values of Pinus, Artemisia, and Juniperus
suggest that these species continued to rely on episodic
periods of nitrogen availability at the soil surface. Pinus
and Juniperus complete vegetative growth, and Ar-
temisia reproductive growth (Evans et al. 1991; Evans
and Black 1993), during summer months. These species
may rely on nitrogen reallocated from older leaves
when soil nitrogen is not available to support growth
during summer. New growth in Pinus and Juriperus
coincided with abscission of older leaves, and repro-
ductive growth in Artemisia occurs after abscission of
vegetative leaves (Evans and Black 1993). From 35 to
53% of the nitrogen in leaves of these species can be
reabsorbed before abscission (Schlesinger et al. 1989).
Reallocation of nitrogen can be accompanied by frac-
tionation (Shearer et al. 1983; Gebauer and Schulze
1991), but no differences were observed for any species
either between different aged leaves on a plant, or with
leaf abscission,

The water-use pattern observed for Chrysothamnus is
typical of many aridland perennials that shift to more
stable water sources at depth during summer drought
(Ehleringer et al. 1991). The increase tn plant 8'°N also
indicates that Chrysothamnus is switching to a nitrogen
source with a higher 3'°N than found at the soil
surface. Flanagan et al. (1992) demonstrated that
Chrysothamnus relied on ground water during summer
drought. This may also explain the seasonal increase in
plant 3!3N. We measured the NOj concentration and
isotopic composition of this water and found 1.4 mM
NOj; with a 8'°N of 59%.. This indicates that the
expected trade-off between water and nitrogen use may
not exist, because ground water is also a stable nitrogen
source. This may have a significant impact on nitrogen
cycling in arid regions, because it suggests a mechanism
whereby plant species relying on groundwater can
transfer nitrogen to the soil surface. This may be espe-
cially pronounced in disturbed areas because distur-
bance is often accompanied by an increase in woody
perennial species such as Chrysothamnus (Daubenmire
1970).

The contrasting patterns of resource acquisition by
co-occurring species may have important implications
for community stability in aridlands. The primary
source of nitrogen input in these communities is nitro-
gen fixation by the cryptobiotic crust. Disturbance of
the crust by anthropogenic activity is currently
widespread, and soil fertility may decrease because the
primary source of input is eliminated, and gaseous
nitrogen loss continues (Evans and Ehleringer 1993).
Our results suggest species that rely on the episodic
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availability of water and nitrogen at the soil surface
may be most severely affected by disturbance. In con-
trast, woody perennials that switch to more stable
water sources at depth during drought may not be as
severely affected.
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