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Abstract

The purpose ol this study was to determine elfects of invading western juniper (Jusiperis oceidentalis Hook ) into big sagebrush
(Arremisia rridentata Nutt. ybluebunch wheatgrass (A gropyron spicatuan (Pursh) Seribn. and Smith [now Pseudoroegneria spicatal)
ceosystems of central Oregon on spatial distribution of nutricnts in organic and mineral soil layers. The organie layer and mineral
soil {rom lour layers (0-5, 3-15, 15-30, and 30+ cm). were collected beneath juniper trees of five size classes, and one arca devoid
ol juniper on five replicated sitcs. Samples were taken at five distances (0 to 4 canopy radii) [rom wree boles into intercanopy
areas. The organic layer and mineral soil were analyzed for organic carhon (C ). total nitrogen (N}, total phosphorus (P and total
sulfur {S): mineral seil was analyzed for exchangeable calcium (Ca_ ), mugnesium (Mg, ) and potassium (K ). Mass of the
organic layer und amounts of organic layer nutrients increased with juniper size, and were higher under canopies than in intercanopy
and no juniper areas. Concentrations ol organic layer N, £ and 8 declined with distance from (ree boles. Tree size, distance and
soil layer interacted to affect concentrations of sotl €L K. Ca_ and Mg_. Concentrations of soil N and § increased with tree
size. Amounts of soil nuirients. except C . were not significantly influenced by tree size, but amounts of all soil nutricnts, except
S und Ca_, were greater under juniper trees than intercanopy areas. Only Ca_ and Mg appeared 1o have been lost from intercanopy

seils compared to no juniper soils.

Introduction

In eastern Oregon and over much of its range,
western juniper (Juniperus occidentalis Hook.)
has encroached into big sagebrush (Arremisia
tridentaia Nutt. )/bluebunch wheaterass (A gropvron
spieatum  (Pursh) Scribn. and Smith [now
Pseudoroegneria spicata]y communities (Caraher
1978, Eddleman 1987). Recently juniper and pin-
yon species have increascd throughout pinyon-
Juniper woodlands of the western United States
(Miller and Wigand 1994). Tree and shrub inva-
sion in arid and scmiarid regions results in for-
mation of “fertile islands” where soil and organic
layer properties vary spatially away from plant
cenlers te adjacent interspaces. Development of
spatial patterns has been largely attributed to rooting
and litterfall patterns of trees or shrubs (Fireman
and Hayward 1952, Charley and Cowling [968.
Garcia-Moya and McKell 1970, Tiedemann and
Klemmedson 1973, Charley and West 1975, Barth
1980). However, the enriched island effect is com-
plex, and owes its occurrence to many biotic and
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abiotic factors and their interactions, induced by
presence of trees or shrubs (Leopold 1933, Garcia-
Moya and McKell 1970, Tiedemann et al. 1971,
Tiedemann and Klemmedson 1973, Balandreau
et al. 1976, Tiedemann and Klemmedsen 1977,
Barth 1980, Tiedemann and Furniss [985, Belksy
et al. 1989, Belsky 1994),

Where roots cxtend beyond the canopy edge.
as in the case of western juniper (Young et al.
1984. Everett et al. 1986}, trees or shrubs may
exploit moisture and nutrients from interspaces
{Klopatek 1987, Bernhard-Reversat 1982}, None-
theless, trees in semi-arid (Bernhard-Reversal
1982), tropical, and subtropical (Belsky 1994)
savannas of Africa, and shrubs in the American
deserts (Garcia-Moya and McKell 1970, Rom-
ney ctal. 1978} are thought to be major factors in
maintaining soil fertility and productivity of the
systems they inhabit.

The rationale for this study was to understand
the role of western juniper in nutrient-productiv-
ity relations of the ecosystem it dominates just
east of the Cascade Range. We examined the in-
tluence of invasion of western juniper into the
sagebrush/grass system on nutrient status ol soil
and organic layers of the larger system, i.e. the
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complex of juniper trees and intercanopy areas
occupied by sagebrush/grass. In particular, we
sought to determine (1) if juniper encroachment
changes the spatial distribution of nutrients in
juniper and intercanopy areas relative to areas
without juniper, and (2) the cxtent of changes with
size {age) of individual juniper trees.

Study Area

The study area was the Three Springs Ranch lo-
cated about 11 km southwest of Prineville (1110
m elevation) in central Oregon, This area is typi-
cal of the community dominated by western ju-
niper on the western edge of the Central Oregon
Plateau at the lower boundary of the ponderosa
pine zone (Driscoll 1964). Climate is continental
with maritime influence from storms originating
off the Pacific coast. The region 1s semiarid with
dry. hot summers and cold winters. Precipitation,
averaging 26.6 cm annually, occurs as snow dur-
ing winter and rain during spring and fall. Mean
annual temperature at Prineville is 8.5°C: mean
January and July temperatures are 0°C und 18.2°C,
respectively (National Oceanic and Atmospheric
Administration 1995),

Soils are young and derived rom volcanic ash
from the cruption of Mt. Mazama 6845 £ 45 years
ago (Bacon 1983). Basalt of local origin under-
lies the ash (United States Department of Agri-
culture, Soil Conservation Service 1986). Five
soils series occur in the study area: Deschutes,
Stukel, Stukmond, Redmond, and Lickskillet (Per-
sonal communication, Amanda Moore, Soil Sci-
entist, United States Department of Agriculture,
Natural Resources Conservation Service,
Redmond, Oregon). Observations of depth, tex-
ture, and horizon development during sampling
indicated that our sites were primarily in the Stukel
series. These soils are well-drained, shallow (25
(o 50 cm} loamy, mixed, superactive, mesic Lithic
Haploxerolls (United States Department of Ag-
riculture, Natural Resources Conservation Ser-
vice 1999). No apparent buried soil exists over
the basalt bedrock. Outcrops of basalt occur as
blisters scattered throughout the gently undulat-
ing terrain.

Vegetation of the juniper understory,
intercanopy, and areas without juniper is domi-
nated by big sagebrush. rabbithrush (Chrysotham-
nus spp. o, bluebunch wheatgrass, and Idaho fes-
cue (Festuca idahoensis Elmer). Cover of juniper
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understory, intercanopy, and arcas withoul juni-
per averages aboul 25% but is highly variable.

Methods

Conceptual Approach and Site Selection

The general cquation of state factors (Jenny 1961):
s=ficl.o,rnp.t) @B]

provided a formalistic approach for the field study.
The equation states that magnilude of any soil
property {s) is a function of climate (cl)., the bi-
otic factor {©), relief (r), parent material (p), and
time (t). Revision of the equation as follows:
s, =flo, clorpt..) (2}
s, =fit.cl.orpt..) (3

provides a conceptual model for site selection and
field sampling to determine the influence of western
juniper trees (oj') and their relative size (age) or
time of occupancy of a specific sitc(ti) on any
nutricnt property (s } of the soil or organic layer.

The remaining state factors in the equations
were controlled by selecting study sites so that
variation in these factors would have little influ-
ence on the dependent variable s , compared to
that of the variable state factors. o and t. Cli-
mate, topography (2-5% uniform eastward slope),
parent material and age of developed soils were
uniform among and within sites. Impact of the
biotic factor (o). other than juniper trees (i.e.,
understory vegetation, herbivores, human activ-
ity, including fire) appeared to be slight: in no
case was distribution of these biotic subfactors
related to juniper presence or size. Vegetative cover
of shrubs and herbs was sparse, but variable, more-
so in intercanopy areas and arcas without juni-
per. Although shrubs and herbs may influence
distribution of soil and organic layer nutrients
(Garcia-Moya and McKell 1970, Tiedemann and
Klemmedson 1973, Klemmedson 1983), the scale
of this influence is small compared to that of
western juniper and was minimized by increas-
ing plot size in the intercanopy ared. This portion
of Three Springs Ranch showed no evidence of
livestock grazing. Length of time the area had
been excluded from grazing was not possible to
determine. However, there was a well- developed
organic layer beneath malture trees and no evi-
dence of livestock trampling or feces. This sug-
gested that grazing had been excluded for a long
period of time. Signs of human activity were sparsc.



TABLE 1. Ages and physical characteristics of [ive size ¢lasses of western juniper trees sampled in this study,

Size Age Height Basal Diameter Canepy Diamater
Class (¥1} temy m
Ave, Range Ave Range Ave, Range Ave. Range
1 i6 21-58 3.3 2.9-38 13 1-17 1.7 1.6-2.2
55 37-68 4.5 4.1-00 22 17-26 2.5 21-33
3 62 41-85 7.0 5.7-8.2 37 29-43 4.5 3.2-56
4 101 44-154 9.5 8.5-11.7 49 44-53 6.3 5.3-87
N 16! 108-231 99 9.2-104 63 58-68 6.7 5.6-78

From cach of five noncontiguous sites, we lo-
cated a pool of trees for cach of five size classes
(Table 1 sec Figure 1 in Tiedemann and
Klemmedson. 2000), then randemly selected one
tree from each class for a total of 25 sample trees.
In addition, we randomly selected “no juniper”
sampling plots from 5 to 10 ha areas without ju-
niper. Average age for classes 1 through 5 were
36, 55. 62, 101 and 161 years. Average height
ranged from 3.3 to 9.9 m and canopy diameters
from 1.7 10 6.7 m. Cross-scctions from the base
of trees were aged by Franco Biondi, Laboratory
of Tree Ring Research, University of Arizona.

Sampling

At each sample tree. soil and the organic layer
were collected at distances equal to 0, 0.5, 1, 2
and 4 radii of the tree canopy along a transect
extending due north of the tree bole. At 0, 0.5,
and 1 canopy radii positions the cntire organic
layer was collected within a 0.093 m? metal frame.
At2 and 4 canopy radii, a 0.5 m® trame was used.
Below these, 5 cm diameter soil cores were col-
lected from the 0-3, 5-15, and 15-30 cm soil lay-
Crs. Two adjacent cores also were tuken from the
0 to 5 em layer for an adequate sample. Because
of shallowness and variability in soil depth to the
basalt (35 to 65 cm depth), grab samples were
taken below 30 ¢m,

Laboratory and Statistical Analyses

Soil and organic layer samples were air-dried, Soil
was sieved to remove coarse fragments >2-mm
diameter and ground to pass a 0.15-mm sicve.
Organic layer samples were ground to pass a 0.425-
mm sicve. Samples were analyzed for organic
carbon (C_ ) by dry combustion {(Nelson and
Sommers, [ 987) in a Leco high-frequency induc-

tion furnace (Leco Corp.. St. Joseph, MI). Tolal
nitrogen (N) was determined by semi-micro-
Kjeldahl (Bremner and Mulvaney, 19382) and to-
tal sulfur (S) by dry combustion in the Leco high-
frequency induction furnace (Tiedemann and
Anderson, 1971). Total phosphorus (P) was de-
iermined with ascorbic acid color development
{Olsen and Sommers, 1982} following hydrofiuoric
acid digestion (Bowman, 1988). Exchangeablc
calcium (Ca,_ ), magnesium (Mg, ), and potassium
(K_) of soils were determined by inductively
coupled plasma emission spectroscopy {Barnes,
1977) lollowing extraction with ammonium ac-
ctate (Thomas, 1982).

Because soil bulk density increased markedly
with distance from tree boles and with soil depth
{0.79 to 1.13 g/em™, data for both concentration
and amounts of nutrients arc meaningful here.
Statistical analysis for soil nutrient concentration
followed a split-split-plot design with size class
as the main plot factor, distance from the base of
the tree as the sub-plot factor, and soil layer as
the sub-sub-plot factor. Amounts of soil nutrients
were summed for layers of the upper 30 ¢cm and
analyzed as a split-plot with size class as the main
plot Tactor and distance as the sub-plot facter.
Analyses of mass, and concentrations and amounts
of nutrients in the organic layers were similar to
those for soils except there was no sub-sub-plot
factor for soil layers. Two statistical analyses [SAS
Institute Inc. {1987) analysis of variance| were
performed for soil and organic layer nuirient con-
centrations and amounts for each response vari-
able, and for mass of the organic layer. The first
analvsis included data for the “no juniper” sites.
For this analysis, the least squares (LS) means
for size and distance could not be estimated be-
cause of missing data caused by the unbalanced
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design (i.e., no tree size or distance data for “no
Juniper” sites ). Where the size X distance inter-
action was significant, the “no juniper” LS mean
was tested along with distance means for size
classes | through 5. The second analysis did not
include the *ne juniper™ sites and was used where
the size X distance interaction was not signifi-
cant. Here the “no juniper” mean could not be
compared with the distance means for classes 1
through 5. Separation of means by least signifi-
cant difference (1.SD)(Carmer and Swanson 1971}
was performed on differences significant at P <
.05 in the analysis of variance.

Results

Organic Layer

Size of trees and location interacted significantly
{£ <0.0001) to influence mass of the organic layer.
Mass ofl the organic layer was greatest at the base
of the largest trees {class 5) and declined mark-
cdly with tree size and distance Lo the canopy edge.
Size and distance had no effect on organic layer
mass beyond tree canopies { Table 2),

The tree size X distance interaction for nutri-
ent concentration of the organic layer was sig-
nificant only for Coer Wide variation in organic
layer C for all tree sizes and at all distances ex-
cept distance 2 explains this significant interac-
tion. The main etfect of tree size had no clfect on
concentrations of N, Pand S in the organic layer,
but the main effect of distance from tree boles
significantly (2 <0.0001) influenced each of these
organic layer nutrients. The effect of distance on
concentrations of N and S was similar (Table 3);

TABLE 2. Mass of organic layer (kg/m?) as a function of
distance from tree boles for six tree size classes.
including no juniper (0.

Tree sice Distance from tree boles
class (vanopy radii)
0] 0.3 1 2 4

0 0.12!

| 3,75 .27 0.2 (.46 0.6
2 4, 7Gx 2,740 0.49+ 0.25¢ 0.36¢
3 5.3001 3,39+ (L56" 005 030
4 8.96" 4,320 0.69° 0.09¢ 0.8
5 a.26" 0.137% 0.88° 0.07 0.18

'Values with (he same letters are net significantly different ar
P =003,
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TABLE 3 Effect of distance from tree boles on concentra-
tions (g/kg) of N. P and § in the organic layer.

Distance Irom tree

bale (canopy radin N P )
0 P! .94 113
0.5 108 0.83r 1.05®
1 7.90 0,73k (.83°
2 7.9° 0.66¢ 0.74%
4 7.8" (.64¢ 0.82¢
no juniper? 9.0 0.74 10.89

' Within column values with common letters are net signifi-
cantly different ar /7 < 0,05,

* Because ol an unbalanced design. no separation of means
could be made tor no juniper sites.

concentrations of these nutrients werc greatest at
0 and 0.5 distances and significantly lower but
similar at the canopy edge and intercanopy dis-
tances. Concentration of P in the organic layer
declined more rapidly to the canopy edge, and
was lower at intercanopy positions than N or §
{Table 3). Concentrations of N, P, and § in the
organic layer of “no juniper” areas were slightly
higher than that of intercanopy areas {Table 3),
but differences were not testable for significance
because of the unbalanced statistical design.

Size of junipers and distance from tree boles
influenced amounts of Cm. N, P, and S in the or-
ganic layer in similar fashion, but the size X dis-
tance interaction also was highly significant (P <
{(1L.0O0GT), Amounts of these nutrients beneath ree
canopies increased with juniper size, especiaily
at distance () (Table 4). However, at the canopy
edge and beyond, size and distance had no effect
on nutrient amounts. Amounts of these organic
layer nutrients averaged 14 to 17 times greater
near boles than at the canopy edge (Table 4),

Soll

Nutrient Concentrations

Juniper trees influcnced nutrient concentration of
soils more by spatial effects than by size. The
three-way tree size X distance X soil layer inter-
action was significant (P € 0.01) for concentra-
tionsotC_ . Ca .Mg_and K_.The interactions
for ng and Mg__are casily explained: concen-
tration of Corg increased with tree size (Figure 1)
beneath canopics, but decreased with soil depth
and distunce away from tree boles (Figures 1 and



TABLE 4. Amounts (g/m?) of organic €. N. P. and S in the
organic layer of juniper as a function of distance
[rom tree boles for six size classes of juniper. in-
cluding no juniper (0).

Size class Distance from tree boles (canopy radii)

0 0.5 1 2 4
Qrganic
carbon
0 50
1 1032+ 3900 8o 106" 313+
2 1712 a7 169 93+ 113
3 1995% Lhdrese 137 49+ 123
4 3447 1801 191+ 287
3 3195 2430¢ 201+ 30 43
Nitrogen
0 1.14
1 31.3 10.6" 1.8 L& 90"
2 56.4% 30.2M 37 Ly 2
3 634 36.2 4.0 1.3« 2.2
4 10758 440+ 560 07 Le
5 100.7¢ 80 8" 7.1 04 1o
Phosphorus
¢ 0.094
! 298 0150 0.26¢ 090" 0914
2 300+ 1,99 28 017 0.27°
3 4.76% 27105010 012 0.2
4 9.73 3.3 054 0.06- 015
5 10,59 6.36¢ 0720 004 012
Sultur
0 a1
| 3704 1.265 017+ 0.25 (.82
2 5404 29804257 009 0500
3 6.60 3.620F 046 0100 018
4 10.06" IR 020 0060 0.7
3 11.68' 82654 065" 0.04° 0140

"Values within each nutrient group with the same lellers are
not significantly different from each other at P < 0.03.

2). The three-way interaction for Mg is explained
by the increasing difference in Mg__concentra-
tion among size classes with soil depth (Figure
1) and the decline in Mg_ concentration at
intercanopy locations for older wees (Table 5).
Both K__and Ca_ responded similarly o depth
and distance. Differences in concentrations of these
nutrients in upper soil layers beneath canopies
disappeared in lower soil layers at intercanopy

TABLE 3. Concentrations {g/kg) of exchangeable Ca and
Mg in the 0-30 cm soil layer as a function of
distance from tree boles lor six size classes of
juniper. including no juniper (0).

Size Distance from tree holes {(canopy radii)
cliass 0] 0.5 1 2 4
(‘au
0 1.66
1 Lsges™ 172k L0 183 141
2 |60 1440 1.3ghd 1 41bd a2
3 1.6]= 1,49+ 1,430 1440 1,33
4 1.9 .68 1,458 1.3gM 2
5 1.98' 1.64¢ 1.307" L2 1.29:
Mg,
{0 0.38

1 031 0317 0298 030 0.30m
2 0.37 .35 0348 0348 32
3 (.33 0345 035" 0.35% 0.320%
4 (.40 0.36% 0324 (.32 0.29
3 0.344+ 0319% 027" 0.26" 0.26°

! Because of an unbalanced design. no separation of means
could be made lor the no juniper age class (0).

* Values within each nutrient group with commen letters are
not significantly ditferent at P < 0.05.

locations {Figure 2). while responscs o depth
among size classes displaved an erratic pattern
for both nutrients (Figure 1). Concentrations of
Ca_ and Mg_ for most size classes in intescanopy
soils (distances 1, 2 and 4) and seme canopy lo-
cations, tended to be lower than that of no juni-
per soils (Table 5). However, this effect, which
would suggest nutrient redistribution by juniper
roots, could not be tested because of the unbal-
anced design for this part of the study.

Concentrations of N, P and 5 responded sig-
nificantly (P <0.0001) to the distance X soil layer
interaction. In the upper soil layer, concentrations
of these three nutrients declined markedly with
distance from tree boles into ntercanopy space
{Figure 2). With depth, however. differences among
locations disappeared. The tree size X soil layer
interaction was significant for concentrations of
N and S. Concentration of N in surface soils de-
clined with size of junipers (Figurc 1}, but with
increasing soil depth this difference in N concen-
tration disappeared. The S concentration response
was similar to that for N for the upper three soil
layers, but unexplained differences among trees
sizes occurred in the lower soil layer (Figure 1),
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Nutrient concentration (g/kq)

0 5 10 15 20 25 0.50 0.75 1.00 1.25 1.50
Ot ‘ , - : 0 — ‘ :
O e an0d = O - =
Corg N
10 F ol 0 » a5
L O Size O L
20t L4 ! 20 |
A 2
A Y < S5
i m] 4 i
0t » " > 30 L
0.008  0.011 0.014 0017 0.020 0.25 0.35 0.45 0.55 0.65
0 ‘ ‘ , ' 0 X ‘ ; :
—~ L o a0 u t ® A0 A0 K
£ S LK
[ L L
N
o 1o o | 1} ® OLAM
et
O
3] L {
- 20+
5 . [ ® O/NCA
(n - k-
3OLIIAD Nl esm O R
1.25 1.50 1,75 2.00 2.25 0.2 Q.3 0.4 0.5 0.6
0 : : o - — ‘
- LA A® O [E L -
Ca Mg
i0F A BE @] 0t W ia A
20 20t
[ Yo T - me4i O
Nlm . oX | 3ol B ¢ a0 o}

Figure 1. Concentrations of Cw. N, S, K. Ca_ and Mg

. taveraged over distances from 0 to 4 canopy radii) as a

function of soil depth for six size clusses of juniper. including no juniper (0).

Interestingly. P was the only soil nutrient that did
not respond to tree size, either as the main effect
or as an interaction.

Nutrient Amounts

Amounts of nutrients (except § and Ca_ ) in the
upper 30 cmof soil were signiticantly influenced
by distance, but not by juniper size. The size X
distance interaction was significant only for Cor’g
(P <0.0119). Amounts of soil C,,, were greater
for all sizes of juniper at the O distance and for
classes 3-5 at the (0.5 distance than that for no
juniper sites (Table 6). and increased with tree
size. At the canopy cdge and beyond, tree size
had no effcet on amount of soil C

arg”
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TABLE 6. Amount of organic C (kg/m?) in the 0-30 cm seil
layer as a function of distance from tree boles for
six size classes of juniper, including no juniper

(0).

i Distance from tree boles {canopy radii)

Size

class 0 0.5 1 2 4
0 188
1 255 203 217 191 |9y
2 3.0 261" 237 234 29
3 2.80% 2,024 LB3# 203 202
4 359 291 2417 1994 ] 9(pke
5 3.62 3080 212 1818 1L.7%

- Values with common letters are not significantly different at
P=0.05.



Nutrient concentration (g/kg)
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Figure 2. Concentrationsof C_ N, P. S, K_ and Ca_ (averaged over juniper size classes 1-5) as 4 function of soil depth

«

for distances of 0 to 4 canopy radii from tree boles.

The distance main effect significantly influ-
enced amounts of N, P, K_and Mg_ in the 0- to
30-cm soil layer (Table 7). Amounts of N, K
and Mg, were all greater under juniper canopies.
while amount of P was lower at the 0 distance
than at all other distances.

Discussion and Conclusions

Juniper invasion in the sagebrush/grass ecosys-
tem distinctly altered the spatial distributien of
nutrients in the organic layer and soil. Morcover,
tree size intensified this effect. Nutrient gains under
juniper (exceptions noted below) were not marched
with equal losses from intercanopy areas. Because

TABLE 7. Amounts (g/m¥) of total N and P, and exchange-
able K and Mg in the 0-30 cm soll layer as a
function of distance [rom tree boles.

Distance N P K., Mg
0 277.2¢ 200.8" 174.7" 100, 1+
0.5 266.2 2243 i4s.1* 104,05
I 243.9° 228.5° 12320 99.1%
2 236.1° 2312 1262 97.3*
4 243,00 227.1¢ 127.9¢ ERES
na juniper? 2424 217.6 130.7 106.9

P Within column values with common letters are nol signifi-
cantly different at P2 <0.05.

* Because of an unbalanced design, no separation ol means
could be made for no juniper sites.
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the organic layer and soil arc integral parts of the
same system, they are influenced by the same
external factors. Hence, we expect similar pat-
terns of nutrient accumulation, as observed here.
However, the organic layer and soil differ in po-
sition, composition, and in chemistry among nu-
trients. These ditferences account for differences
in accumulation patterns observed between the
organic layer and soil, and among nutrients.

The pattern of nutrient accumulation under
juniper trees was that of “islands of fertility™ de-
scribed earlier for a variety of tree and shrub spe-
cies (Fireman and Hayward 1952, Zinke 1962,
Garcia-Moya and McKell 1970, Barth 1980,
Belsky et al. 1989). The large increases in mass
of the organic layer and nutrients beneath cano-
pies with juniper size is largely attributable to the
effect of accumulating biomass with size (age)
{Bernhard-Reversat 1982, Tiedemann and
Klemmedson 2000) and slow decomposition of
juniperlitter, Steepness of the gradients from boles
to canopy edge (60- to 120-fold greater than in
intercanopy and no juniper areas). even in the
smallest size class. reflects large differences in
litter preduction and accumulation, litter guality
(Kittredge 1948, Klemmedson 1992, and micro-
climate (radiation. temperature, moisture) ol the
contrasting juniper and intercanopy sagebrush/
grass environments (Tiedemann and Klemmedson
1977. Belsky et al. 1989). The steep horizomal
organic layer gradients reported hers conitrast
sharply with cssentially flat gradients observed
for litter under mesquite (Prosopis juliflora
(Swartz) DC) and palo verde (Cercidium floridum
Benth.) in the Sonoran desert (Barth and
Klemmedson 1978).

Decline in concentrations of N, P and § in ju-
niper organic layers (Table 3) with distance from
bole to canopy edge is likely explained by the
change in littertall composition and decomposi-
tion environment with distance to the canopy cdge.

Thus, litter quality changes as the proportions
of juniper and herbaceous litterfall change ncar
the canopy edge and as the microclimate changes,
thereby hastening decomposition, Spatial distri-
bution of littertall is a possible explanation for
under-canopy nutrient gradients. Zinke (1962
reported that bark litter of several forest trees.
found in rings next to holes. differed in pH and
element composition from leaf litter that domi-
nated an outer ring extending to the canopy edge,

8 Klemmedson and Tiedemann

We observed no distinct accumulations of bark
under junipers, but did not sort litterfall for com-
position. However, based on Zinke’s (1962) data.
we probably would have found different nutrient
patterns in juniper organic layers and soils had
there been a distinet zone of accumulating bark
litter.

We have no explanation for the significant tree
size X distance interaction displayed for C_ con-
centration in the organic layer and conclude it is
an aberration in the data. That C_ concentration
of the organic layers did not follow the pattern
for N, P and § discussed above is attributed to
the relative supply of these elements to decom-
poser organisms and their fate during early stages
of decomposition. Carbon is abundant in organic
layers, while N, P and 8 are usually limited (Swift
et al. 1979). As mineratization-immobilization
proceeds, excess Cis evolved continuously as CO,
while N. P.and S are retained in immobilized form.

The significant effect of distance on amounts
of organic layer nutricnts is a straightforward re-
sult of the distance effect on organic layer mass
(Table 2) and nutrient concentration (Table 3).
The change in composition of litterfall along the
distance gradient has a bearing on both of these
variables.

Although the horizontal pattern of soil nutri-
ent accumulation in the juniper-intercanopy sys-
tem was similar Lo that for the organic layer, the
magnitude of distance gradients was markedly
flatter. Soil nutrient concentrations ranged from
I.18-10 1.76-fold higher at tree boles than at canopy
edge and intercanopy areas. except for P (1.02-
fold) and Mg_ (1.12-fold). In the same locale,
Doescher ot .:J.] {1987} found concentrations of
soil organic matter, N, Ca_, and K under ma-
ture western juniper 1.1- 10 1.6-fold hlghu than
in the intercanopy areas. Barth (1980) found or-
ganic matter and extractable K about 3.4-fold
higher, but P an unusual 20-fold higher under 490-
yr-old pinyon pine (Pinus edulis Engelm.) than
in the intcrcanopy areas. Tiedemann and
Klemmedson {1973) reported 3.0- and 2.6-fold
tree-intercanopy differences for N and 8 for mes-
quite-grass systems in Arizona.

Our findings are generally consistent with the
literature regarding the mosaic pattern of nutri-
ent distribution found in savannas, or in grass-
lands and shrublands invaded by trees or shrubs,
However. we differ in some respects on source



of nuirient gains. Some authors (Charley and West
1975, Barth 1980, Klopatek 1987y have concluded
or implied that enrichment of canopy area soils
means a loss from intercanopy arcas. That does
not necessarily follow. In our study, all nutrients
except Ca_ and Mg were enriched in soils be-
neath junipers. However, only Mg, and Ca_. and
possibly N, displayed significant loss from the
intercanopy area compared with no juniper ar-
eas. This 18 not to say that gains of other nutri-
ents (C_. P. S, and K_) in canopy soils did not
come. in some measure, from intercanopy soiis.
However, other sources may have been impor-
tant to canopy soil and organic layer gains of these
nutrients. The question remains as to where Ca
and Mg absorbed from intercanopy areas resides,
since canopy 50118 showed no accumulation of
these nutrients. Logically it appears these nutri-
cnts were absorbed and stored in the tree biomass.

Although not measured here. temperature prob-
ably contributed significantly 10 spatial distribu-
tion of soil and organic layer nutrients of juni-
per-intercanopy systems. The widely reported
influence of trees and shrubs on soil and litler
properties (Muller 1887, Harradine 1938, Zinke
1962, Garcia-Moya and McKell 1970) has focused
chiefly on plant to soil nutrient transters. Although
the general effects of tree and shrub canopics on
understory temperatures arc universally under-
stood. the spatial effects of understory tempera-
tures on nutrient accumulation have been scarcely
recognized (Tiedemann and Klemmedson 1986).
Along transects from juniper boles to intercanopy
areas. the state of the system (Jenny 19613 and
its microenvironment changes with growth o
maturity of junipers. In turn, decomposition and
mineralization processes, and status of nutrients
associated with litter and organic matter, change
along these gradients. The role of temperature on
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