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Abstract
Thcpurpo\eol th i \s tud! '$ 'a\ IodctcImiIeel . l .ectsof inrxding\ \cstcnjunipe|( ' lu1t i | )en| \o1\ | ( |
(lrk ri.rir/, il.rnxd Nut
cc0\} 's tensofcenirn|orcgo|on\p| | i . r ld isnibut ionofnut l - ic . ls i l1(Jrgnic
\o i l  i io ln lour h\ers ( l : ) .5,  5 15.  ]5 i0.  ard i0+ cnt .  $e|e col lcctcd bcncarh juniper ree\  of f ivc s izc c l . rsses. . rnd one arca dc!oid
ol juniper on five replicated sitcs. Samples were taken aI filc distances {0 ro l canop} radji) lioln tree bole\ into inrrcanopv
areas. T]1c orSanic lavef.rnd mineral soil $crc anrl)zed fof o$xnic carhon lC,, ). totrtl nnfogen (N), loul phosdlorus (P) and tolrl
rull!n (S): nineftl soil $lL\ anal,vzcd iir crchunge.rble calcium (Ca.,l. mr-llnesium (NIg-,) and potassiuln (K.,). Nlass ol lhc
organrc h\er .rnd irmount\ oforganic h\cr nutdents incre.rsed \rilhjunipcr size. |nd $ere higherundcr canopies than in int,rrc|lnL,py
rnd noiuniper rLre.rs. Concentraiions ol orsrnic hye. \. P. and S dcclired with di\iance liolll trcc boLe\. Tree size. dinancc llnd
soil L.r\er interacted to aifccl concentfrlions of soil C.,.. K-.. Cl,l.. .rnd \fg... Conceniralions of soil N .rnd S incrciscd $ rrh tree
sire.AnnNnt\ofsoi lnul icnts.erceptC,.$efenots ig i r i f ic l r r l l iDl luencedhvtreesizc.burt lnountsofal l \o i lnulr icn(s.e\cefr
S rnd Cr.,. $ere grcatcr undcr junipef tree i than intcrca opy arc.rs. Onh Ca., and N{g", appcured roh|\,e been losrfiom inGrcanofy
.o i ls  rompafed to no junipcr  soi ls .

lntroduction

In eastern Orcgon and orcr much of its range.
u cstcrn juniper (JuniperLr s oct'icle ntal i.s Hctok.T
hirs encroachcd into big sagebrush (Arteni.\ ia
,1de7rt4ld Nutt.),/bluebunch rvheatgrass (Agru7r,r.orr
rpft arun (Purslr) Scribn. and Smith Ino$,
P s e udo rce grrc ria spi.r/tu/ l) conrmunities (Canher
1978. Eddleman 1 9ll7). Recentlyjuniper and pin-
Ion species have increascd throughout pinyon-
juniper woodlands of the rvcstcrn United States
(Millcr and Wigand 1994). Tree and shrub inva-
sion in arid and scmiarid regions results in lbr-
mation of '1e.ti le islands" rvhcrc soil and organic
layer properties raly spatirl ly away from plant
cenlcrs to adjacent interspaces. Dcvclopment of
spatial pattems has been largely attributed to r0oting
rnd l ittedall pattems of lrees or shrubs (Fireman
and Haru rrd I 952. Charlel and Corvling 1968.
Garcia Mo-v-a and McKell 1970. Tiedemann and
Klcmmedson 1973. Charley and West 1975, Barth
1980). Horveler. thc cnriched island etiect is com-
plex. anclowes its occurence to ntanv biotic and

abiotic factors alrd their inleractions, itduced b\
presence of trccs ol shrubs (Leopold I 933, Carcia
Mova and McKell 1970. Tiedernann et al. I 971 .
Ticdenrann and Klenmedson 1973, Balandrcau
et al. 1976. Tiedemann and Klerrnredson 1977,
Brth 1980, Tiedemann ilnd Furniss 198-5, Bclksl
et al. 1989, Belsky I 99,1).

Where roots cxtend beyond the canopy edge.
rs in the case of westem juniper (Young et :r1.
1984. Evcrcn et al. 1986), trees or shrubs may
exploit noisturc and nutrients from interspaces
(Klopatek 1987. Bemhard-Reversat l982). None-
theless. rees in semi arid (Bcmhrrd-Reversat
1982). tropical. and subtropicai (tselsky l!)!)rl)
savannas ol Africa. and shmbs in the Anerican
desefts (Garcia Moya and McKell 1970, Rom-
ney ct al. I 97 E) are thought to be naior factors in
maintaining soil ferti l i tv and productivity of the
systems they inhabit.

The rationale for this study was to undcrstand
the rolc of western juniper in nutrient-producti\ -
i t r  re la t ion .  o [  rhe  e(o \ ] . rem i t  dorn inur . .  jus r
east of the Cascade Range. We exarnined the in
tluence of invasion ol westem junipcr into the
sagebrush/grass sysLern on nutient status of soil
and organic layers of the ltrrgel systen. i.e. thc
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conplex of juniper ffees and intercanopy areas
occupied by sagcblust/grass. ln particular, we
sought to detennine (l) if iuniper encroachment
. h r r n g . '  t h t  . p u t i u l  J i . t r r b u t i o n  o f  n u t r i e n t .  i n
juniper and intercanopl areas relative to areas
without juniper. and (2) thc cxtcnt of changcs \\ ' i11'l
sizc (agc) of individual juniper trees

Study Area

The study area $as the Three Springs Ranch lo-
ciilccl about I I km southwest of Prineville ( I I l0

I  c le \  : r t ion  I  i r  cen l r l r l  Oregun.  Th i r  i1 r . ,  1 .  ' ,  n '  -

\ J l  l l r ' l h c  \ . , | l r m u n i l \  J , ' r n i n : ] l c J  h r  u c r t e r n  j u
nipcr on thc westeln edge of the Central Oregon
Plateau at the lower boundar)' of the ponderosa
pine zone (Driscoll 196,1). Climate is contincntal
\  r lh  mr r i t rn rc  in l luencc  l rom s tornr '  o r ig in  t inp
of1 the Pacific coast. The rc-eion is scmiarid u,ith
dr1 .  ho t  : r rmrner .  rnJ  .o ld  u  in te r . .  Prec ip i tJ t iun .
averaging 26.6 cm annually. occurs as snow dur-
ing winter and |ain cluring spring and fall. Mean
annual tcmperature at Prinevil le is 8.5'C: mean
January and Jul,y tenperatures are OoC ud 1 li.2'C,
respcctivcly (National Oceanic and Atmospheric
Administratior 1995).

Soils are young ancl derivcd l iom volcanic ash
I r ' , , rn  thc  c run t ion  o l  V t .  l fuz rmr  6EJ5 =  15  l  ears
ago (Bacon 1983). Basalt of local origin under-
l ies the ash (United States Department of Agri-
cultulc. Soil Conser\.ation Serr,ice 1986). Five
soils series occur in the study area: Deschutes.
Stukel. Stukmoncl. Rcdnond, irndLickskillet(Per
sonal cotrrttrunici,rt ion. Arnanda Moorc. Soil Sci-
entist, Unitcd Statcs Depafiment of Agliculture.
Nalural Resources Conservation Service.
Redmond. Oregol). Observations ol depth, tcx-
tur-e. and horizon devclopmcnt duing sanpling
indicatcd thatour sites were prinarily in the Stukel
series. These soils are well-draincd, shallow (25
to 50 cn) loan"v. mixed, superactive. mesic Lithic
Haplorerolls (United Statcs Dcpar{rnent of Ag
riculture. Natural Rcsources Conservation Ser
r icc  lOoar  No JppJrent  bur ied  .o i l  e r i \1 . , , \e f
the basalt bedrock. Outcrops ol basalt occur as
blisters scattcrccl throughoul the gently undulat
ing lenain.

Vegetation of ths junipcr understor),
intcrcanopy. and areas *ithout iuniper is domi-
nated by big sagebrush. rabbitbrush (Chnsolhrrn-
rrrrs spp. ), bluebunch whoatgrass. and ldaho fes
cue (.Festuca idahoeasis Eller). Cover ofjuniper

understory, intcrcanopy. and arcas without juni-
per averages about 25rlc but is highll r'ariable.

Methods

Conceptua Approach and Si te Select  on

Thc gcncral cquation ofslale factors (Jenn), l96l):
. - l i . l . , . r . t . r ,

provided a formalistic approach lbr the lield study.
The equation statcs that magnitude of any soil
property (s) is a lunction of climate (cl). the bi-
otic lactor ((r. relief (r.). parent matcrial (p). and
time (t). Rcvision of thc cquation as follows:

s, ,  = t (o,  c l ,  o.  r .  p.  t .  .  )
s ,  = f l t .  c l .  o.  r .  p.  t  . . . )

( 2 )
( 3 )

provides a conceptual model tbr site selection and
lield sampling to detemine the inl'luelce olwestem
juniper trces (o,) and their relative siTe (age) ol '
t ime of occupancy of a spccil lc sitc(t) on any
nutricnt property (s") of the soil or organic la"ver

Thc rcmaining state facton in the equations
were controlled by selecting study sites so that
varii l t ion in thcsc factors would have litt le influ-
ence on the dependent variable s", compared to
that of the variable state factors. o and t.. Cli
n.rate. topography (2-5?c unitbrm eastward ilope),
parent material ald age of developed soils were
unilbrm among and within sitcs. lmpact of thc
biotic factor (o). other than juniper trees (i.e..
u rJer . lL r f )  reget r t ion .  h r ' rh i r r r t l : .  humJn Jc t i \ -
iry, including fire) appeared to be slight: in no
case was distribution of thcsc biotic sublactors
relrted to jrrnipel pr<.<nce or.i/e. VeeelJli\ e co\ er
of shrubs eurd herbs was sparse, but variiible. more-
so in intercanopy areas and arcas without juni-
pcr. Although shlubs and herbs may influence
distrjbution of soil and organic layer nutrients
(Garcia-Moya and McKell 1970, Tiedemann and
Klemmedson 1973. Klernmedson 1983). tha scalc
of this influence is small compared to that of
westem juniper and was mininized by incleas
ing plot size in the intercanopy area. This pution
of Three Springs Ranch showcd no clidcncc of
livestock grazing. Length of time the area had
been excluded fronr grazing was not possiblc to
detenrrine. Horvever. there was a well- developed
organic laycr bcncath mature trees and no eri-
dence of livestock trampling or feces. This sng
gested that grazing had been excluded 1br a long
period oftime. Signs ofhuman actility wcrc sparsc.

Klcmnedson and Tiedemann



TABI-E L AgesrLndphysicalcharactef i \ t icsol l i \cs i /cc lassesoI \ \esterniu Pcr l rcc\  ranrpled in th i \  \ tudr" .

SiTe
Cluss

HeighI B |1 \a l  D iamete f

l c m  I

A !e .  Rangc

Cinol\ Drametel

RingcRrngc Range

1 . 7

2 .5

6.-l

6 7

1- l

: l

.rl

6-l

j . - l

t .0

9 .5

t 6

55

62

l 0 l

l 6 l

I

2

3

.+

2 1  5 8

l7  68

. 85

,1,1 l5-l

r 0 8  t l l

2.9,t .8

,1.1 6.0

5.7 IJ. l

l J . 5  I  l . l

9 . 1 -10 . , t

I l - 1 7

l l  t 6

t9 -ll

.Ll 5l

58-68

1 .6  2 .2

3 . t  5 .6

5 .1  8 .1

5 .6 -7 .8

From cach of l lve noncontiguous sites, we lo-
calcd a pool of trees for cach of f lve size classes
(Table l: sec Figure I in Tieclcmann and
Klemmedson. 2000), thcn landomll selected onc
tree fi-om each class ior a tot l of 25 sanple trees.
In addition. u,e randomll selected "no junipcr"
sanpli|g pltxs liom 5 to l0 ha areas \\,ithoutju-
dper. Avcrage age fbr classes 1 through 5 rvere
36, 55. 62. l0l and 161 years. Average height
ranged tiorn 3.3 to 9.9 m and canopy cliameters
tiom 1.7 1() 6.7 m. Cross-scctions from the base
of trees were rgcd by Franco Biondi. Llboratol.v
of Trcc Ring Research. Univcrsit l, ofArizona.

Sampl ing

At each sample tree. soil and tltc organic layer
$crc collected at distanccs equal to 0. 0.5, 1. 2
and .1 radii of thc lree canopy along a lransect
extcnding due lorth of thc lree bole. At 0, 0.5,
rnd  I  . : ' n , 'p1  r i rJ i r  po . i l i un \  th .  . t t t i re  o rgrn ic
hycr was collected within a 0.093 n'metal tiantc.
Ar 2 ard.1 canopy radii, a 0.5 mr ti ame rvas used.
Below thesc,5 cm diameter soil corcs were col-
lec ted  l lom the  0  5 .  5 -  15 ,  and 15  30cmso i l  l r y -
crs. T\\"o adiacent corcs also were titken llom the
0 to 5 cm laleI for an adequatc sample. Becalrse
ofshallowness ancl rariabil ity in soildcpth to the
basalt (35 to 65 cm depth). grab sanples werc
takcn below 30 cm.

Laboratory and Statistica Ana yses

Soil and organic la!er samplcs $ere air dried. Soil
was sieved to rcnlove coa$e trrgmcnls >2 mm
diameter and ground to pass a 0.15-nrm sicvc.
Organic laycr samples were ground to pass a 0..125-
trrm siclc. Samples wete analyzed for organic
crrbon (C,,,") by dr-v- combustion (Nelson and
Somners, I91121 in a Leco high-fiecluency induc

tion fumace (Leco Corp.. St. Joseph, MI.). Tolal
nitrogel (N) was dclernined by semt-micro-
Kjeldahl (Bremner and Mulvaney, 1982) and to-
tal sulfiu (S) by dry combustiolr in thc Leco high
frequenc,r ir]duction furnace (Tiedenann and
Andersor, l97l). Total phosphorus (P) $'as dc-
tcrmined *ith ascorbic acid color developntcnt
(Olsen and Sommers, 1982) following hydrotluoric
acid digestion (Bowman. 1988). Exchangeablc
calcium iCa..), magncsium (Mg",), and potassiurr
(K.,) of soils wcre detelmined by inductively
coupled plasma emission spectroscopy (Barnes.
lq -7  r  fo l lo \  ing  e \ l r i r .  l i , ' r l  r r  i th  lmtnon iun t  u .  -

ctate (Thomas. 1982).

Becausc soil bulk density inclcased markedly
with distancc lron tree boles and with soil depth
rU.7( i  t , ,  l .  I  I  F /cm r .  du l i l  l , ' r  h r r th  e t rncent la t ion
ancl amounts of nutrients arc meaningful here.
St r t i . t i ca l  ln l l r  ' i .  l i ' r .o i l  nu t r ien l  cnncet t t ra t i , ' n
followed a split-split plot design rvith sizc class
as the main plol tactor, distance fiom lhe base of
the tree as thc sub plot tactor, and soil layer as
the sub-sub-plot factor. Amounts ofsoil nutrients
were sumnrcd for layers of the upper 30 cm and
analyzed as a split plot u ith size class as the nain
plot lactor and distance as the sub plot factor.
Anal5, ses ofmass. and concentrations and amounts
of nutients in thc organic layers $'erc similar to
those fbr soils cxccpt there was no !ub-sub-pl01
factor tbr soil laycrs. Trvo statistical analyscs ISAS
llstitute Inc. (1987) anal"vsis of varianccl were
perlbrmed for soil and organic layet nutrtent con
c tn l f , r l i , ' I \  Jnd  r lnount .  tL r f  (x . 'h  rc 'pon\c  \J r i
able. and for mass of thc organic layer. The first
anallsis included data for the "noiuniper" sitcs.
For this analysis. thc least squ es (LS) mcans
lbr size and dist ncc could not be estimated bc-
cause of missing data caused by the unbrli inccd

Soil and Organic La)er Nutricnts of Juniper



design (i.e.. Do trec size or distancc data tbr. ' 'no
jL tn ip ( r "  . r l (  ' r .  \ \  he l<  thc  . i , / r  X  r l i . l Jn jc  i l l e f -
action \\rs sigDificant. the'hojuniper" LS lnearr
was tested along $ith dislance means 1br size
classes I through -5. The second analr,sis did lot
include the "nojuniper" silcs and nas used where
thc siTe X dislance interaction \\as tot signil ' i-
canl. Hcfe the "no juniper" meaD (ould tot be
compared \\ ith the dislance means 1br classes I
throueh 5. Separation of means bl least signifi-
cant dif l 'crcnce (I-SD)(Canner and Suanson l97l)
\las perlormed on ditlerences signiticant at P (
0.05 in thc analysis of r lr iance.

Results

Organ c Layer

Size of Lrccs and location interacted significantly
(P < 0.0001) to inllucnce nass ofrhc organic laycr.
Mass ofthe organic la1cr urs greatesl at the base
of the largest trees (class 5) and declined malk-
cdl)' with trce sizc and distancc to the canop\ cdge.
Size and distarce had no ellect on oryanic layer
nr i r \ \  be)oDLl  I re t  c i l  op l . .  {  f . rh le  2 r .

The tee sizc X distance intcfaction for nutri-
c t t l  cone. t r l r , r l ion  o l - lh .  l l f ! ! rn ic  l l1 . r  t r i r '  . ig
n i l i , . i tn l  o t t l r  Io lC .  .  \ \ i Jc  r r r r i r t i , rn  in  o rgrn i r '
laycr C fbr all trec i izes and at all drstarces ex-
cept dislance 2 explains thjs significant interac
tion. The main etlect oftrcc size had no cl 'fect on
coDccntratlons ol N, P and S in thc organic laycr
but the main e1lect ol distance lrom trce boles
significantly (P ( 0.(X)01 ) influenccd each ofrhesc
organlc lalcr nutrients. Thc cflect of distance on
concentrations ol N and S was similar (Table 3):

TABL-l - l  2 N1ass of  organic l r \ef  (kg/mr)  rs . r  lunct ion ol
dist.rnce fronr lrcc boLes fbf \ix rrcc \ize cl.rs\es.
in. ludins no. iuniper (0) .

Distltllce l_.onr rcc boLe\
( ILnop).adj i )

TABLE 3 Effccl oi disrance tionr lree bole\ ('rcorcenu.r-

t rons (gASr (J1 N. P and S iD the orgxnjc l . t lcr

Distancc lr()lr tfee
bole (c.rnot\ rrdii)

(l

0 5
I

2
+

| . 0 , 1
10.  i t ,

7.81

0 91,
0.t-r.
0.1-th.

l).6.1.
0.7- l

L l .r ,
1 .05 "
0.81h
0.l l i
0 . 82
0.89

r\lLlue\ \ j(h the srme lerrcr\ .rre nor signitjcinlt) dilferent ar
P < 0.05

Wirhi r  columr valuc\  s i th common lc l l . f \  c  nor \ igni l j
c lnt ly  d i l lercnt  ar  1,< 0.05
:  Becausc ol  . rn unbalanccd desicn.  no scpr l r t ion ol  mcin!
could bc rrurde l in nojunjpcr  srres.

colcentrations ofthesc nutrients werc greatest al
0 and 0.5 distances and signil ' icrntl) ' lorvcr but
similar at thc canopv edgc and iltercanopy dis
tanccs. Corcenlration of P in the organic la1'er
declined rnore rapidly to the canop), edge, and
u'as lorvcr at intercanopy positions than N or S
(Table 3.1. Concentrations of N. P and S in the
organic layer of "no juniper" areas were slightly
higher than that of i l tercanopy areas (Table 3).
but dif ' ferences werc not testable for signil lcancc
because of thc unbalanced skrristical design.

Size ofjunipers and distance trom tree boles
influenced arnounts of C,,,". N. P. and S il thc or-
ganic layer in similar tashion, but thc size X dis-
t nce lnteraction tlso was highly significant (P (
0.001) I ). Amounts of these lrutrients beneath trcc
canopies increased *ith juniper size. especi l lv
at dislance 0 (Tablc.l). Ho\\,ever. at the canop!
edge and bcyond, size and clistance had no etlect
, , I  U t r i cn t  lmount r .  A  tOUnl '  , ' l  the .e  o rer r r ie
laycr nutrierts avcraged 14 to l7 times greatcr
near bolcs than at the canopy edge (Table'1).

So i l

N ut r i ent C on centrati a n s

Juniper trees influcnced nutdenl concenffation ol'
solls more by spatial cflcts than by size. The
three-way trec size X distancc X soil laver inter-
action wa! significant (P < 0.01) fi)r concentra-
l i r , r r .  u l  C  . C r , . M g  r n d  K  . T h e i n t c r l e t i  r r .
fol C,,,. lnd N,[g., arc casily explaincd: concen
trationbf CoF increased nith tree size (Figure 1)
bcneath cancipics, but decreascd with soil dcpth
and distance awa)r fronr tree boles (Figures i and

0
l
2
3
.l
5

0 . 1 1 . '
3 .75 ! .  l . : 7 i
_1.79.., :  1.7,1..
s.: l6rr 3.39.:
8.96 -t . l t .  .
q  26  6 .1 - r :

0.1l '  0..16 0.6,1'
0.19" 0 25' 0.36.
0.56 0. r5- 0.30.
0.69" 0.09. 0. t i t
0 .88  0 .07 ,  0 .1E"
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TABLE .1. Anrount\ (g/mr) ol ofg.rnic C. N. P and S in lhe
orgsl ic  later  of juniper t rs r  l i  c t ion of  d i \ tance
liorn trce bole\ lbr \ir sirc class.'s of tuniper. ir
c luding no iuniper (0) .

IABLE 5 Conccnlrar ion\  (g/kg) of  e\chrngcrblc C.t  and

\{g i  thc 0 l0 c l l ]  soi l  laycr  i r \  a iun. t ion of

dis lance f fom t fee bolc\  lor  \ ix  s iTe c l . t \ses ol

. iuniper.  inc lLrding, 'o junipef  (0) .

Si7.  c l r \s Di\rtncc i-r1rm lree boles (crnop) radri) D r .  J r l ! c  h o n  t f e e  b , , l ( .  t . r n , , p }  r r , J  i i  t

.h\s

Organic

0 501

1 r03l i  39q"'

:  t7 r2-. 907r

I  19q5 :  I  l l  l ' '
.1 -11,17\ l30l '

5 3195' l . l l0j

t . 66
1 .50 . :  | . t 2 t
1 . 6 0 J :  I - l f  '

1 . 61 . ' :  1 . , 19 ' :
1 .96  1 .68 .
1.9E 1.6.1'

0 .38
0 .1 r . . .  0 .31 - .
0.31!,,  0.-t5r!
0.-r-r. f  0.11".
0..10, 0 36r:
0.-] ] ! :  0 i l - .

r . 7 0  1 . 8 1 ,
l . -19 ' r  L. l  lh i
1 . , 1 5 b 1 . 1 , 1 ! '
t . 1 5 !  r  I  l 8 ' i
1. - r0 ,  1 . t  r .

89- 106.

169'  c)3.

l  r7.  19

1 9  t j  l 8

1 0 1 ,  3 0 ,

3 1 3  .

1 1 3

t2 l .

i l ,
-13.

t. t"

t . t"

1 .6 .

1 . 6

c...
0
I

2

-l

5

1 .  . ,

1 . 5 1 1 '
L-r- r , '
r .1E.
r .29r

Nitnrgen
0

I

2

-l

5

0

I

2

Sul lur
0

I

2

I

5

3  r . 3 r  10 .6

56.,1i. -r0.1tr

6 t . 1 .  36 .1 . ,

107.5r . t- t .( I , .

r00.7: 30 8,.

t .gEtr i  o. l5

1.60.. 1.99-'
. l ' 7 6 i . 2 ' ] 1 . t r

9.t3, 3.01' i

10.59, 6 16.

0  | t .

3.10.i  Lr6-.

5.,1l '  2.18tr '

6.60' '  3.tr l"

10.06h I 8,t"

11.68 8.16: ' ,

I  8 ,  1 .8 .

3 .7 ,  l . l
.1.0. l . l .

5 . 6 ,  0 . i ,

7 .1 "  0 .1 .

0.26 0.90s

0 . t 8  0 1 7

0  51 "  0 .  [ .

0.51. 0.06

0.71, '  0.01"

0 .17 ,  0 . : 5 ,

0.-12." 0. r9"

0.16n 0 10,

0.6t, '  0.06.

0.65." 0.01.,

Value\ \rithin ealh nLrr.icrl group \rith the sanle lcltcrs are

not  s igni f icant l , , -  d i i icrcnt  iom erch othef  a l  P s 0.05.

2). Thc three way interuction for MS", is explaincd
by the incrersing dil'ference in Mg., conccntra
tion among size classes with soil depth (Figure
l r  r n d  t h e  J e i l i n ,  i n  M 5 t - .  r ' o n e e n t r r r t i o t t  l t
interciinop) locations fbr ()ldcr lrees (Table 5).
Both K., and Ca.* responded similarl), lo depth
and distancc. Differences io concentrations ofthese
nutrients in upper soil lryers bcneath canopies
disappealed in lorvel soil laye$ at intercanop)'

0.r9j.  0.101 0.i0' .
0. l .rr .  0.-r-1. :  0. l l i .
0.35n. 0.15. j  0.12...
0.-r2J. 0.1:.,  0.29 '

0.27s 0.)6 0.t6.

I BecrLrse ol un unbrl,inccd deslgn. no separ.rlron ol nrean\
' U l J  b i  - J  l (  r '  |  ( l , ,  r o  I n  | e r  ' . c . 1 . . .  { ) '

vrrluer silhin .ach nulrient group $ilh co mon letieN e

nol  s igni f icant l )  d i f terenl  r l  P < 0.05.

locations (Fi-uule 2). while responscs to depth
lu l | r , rns  \ i / c  c l rs .e .  d i rp l r l cJ  Jn  ena l ic  pJ l le f l l
for bofi nuhients (Figurc 1). Concentrations of
C.r : lnd M!., lhr nto.l - i/e clJ..e. in inl( rcrl lop\
soils (dislances 1,2 and;1) and sone canop,v lo-
cations, tended to bc lorver than that ol no juni-
per soils (Table 5). Howevcr, this etfect, rvhich
would sugge\t nulrient redistribution b) juniper
roots. could not be tested becausc of the unbal-
anccd design for this pan of the study.

Conccntrations of N. P and S responded sig-
nificantly (P ( 0.(X)01) 10 the distarce X soil laycr
interaction. ln the upper soil laycr. coDcentrations
of these three nutrients declined markcclll- with
distrncc from tree boles into intercanopy space
(Figure 2). With depth, however. differences anrong
locations disappcared. The tree size X soil layer
interaction was signilicant tbr concentrations of
N and S. Concentration of N in surtace soils clc-
clined rvith size ofjunipers (Figurc 1), but with
increasing soil depth this difference in N conccn-
tration disappeared. The S conccntration response
was similar to that fbr N fol the upper three soil
layers, but unexplaincd differences amoIlg trccs
sizes occurrcd in the lorver soil laycr (Figure I ).

l\{g..
0
l
)

5

0 .91 r '

0.21-

0 . l l

0 . 15 '

0 . 1 2 .

0.8t-.

0 .10 ,

0 .  t f

i ) . 17 .

0 .1 ,1 "
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Intercstingly. P was the onlv soil nutrient that did TABLE 6.
nol rcspond to ffee sizc. either as the ntain eflect
or as an lnteractl0n.

Nutrient Amounts

Amounts of nutrients (except S and Ca.,) in thc
upper 30 cm of soil werc signiticantly influenced
by diltance, but not by juniper sizc. The size X
distance intcractioll $'as signilicant onlv for C.,,r
(P < 0.01 19). Amounts of soil C,,.,, were grcatei
for all sizes of juniper at the 0 diitance and fbr
classcs 3 5 at the 0.5 distance than that fbr no
juniper sitcs (Table 6). and increased q'ith tree
size. At the canopy cdge and beyond. tree size
had no effcct on amounl of soil C,,,".

I I

. A I  O  B

0 .J  0 .4

O

loa a

l a &  o

a l . c
figurc L Conccntrrdon\ of C... N. S. K... C.r.. rnd Mg-. (rler.rsed oler djnances fioll] 0 to :l crrop,"- frdii) as a

function of soit depth for sjl size clas\es ofjLrnipcr ncluding nojunipcr (0).

\ ' . ' u r r u l o f i . . r  i c  C ,  k !  I n  I n I  e n  ' n c m  -  l
- \ - - r , J  l r n .  i u n  o l  d i . r d n c (  ' r J r n  r r < i  b ^ l e .  t . , -
s ix  s ize c lasses of juniper inc luding no junipef
(0).

DistaDce frcm trec boles lcanopr radii)
Sizc

0.5

( l

I

2
l
+
5

1 . 8 8 4 ,
2 . 5 5 i  ,  2 . 0 t . J
3.09h 1.61.  I

2.80, ,  2.021
t . 5 9  2 . 9 1 9 f
3.61 1.08h

2 .11 " '  l . 9 l i .  1 .99 , .
l . l 7 - :  t . - r . I ,  2 .  t 9 - .
1.85r 2.03.. 1.02.:
2 .11 . !  1 .99 . J
2 . 1 1 ' "  1 . 8 1 .  1 1 9 "

Values wifi common lcltels are not signiilcandv diffe|ent at
/ ' <  0 . 0 5 .

1  .25
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The distance main effect significantl l intlu-
encccl arnounts of N. P K., and Mg.. in the 0 to
30-cm soil laycr (Table 7). Amourts of N. K,.,
. r r r . l  Mg .ucrea l I  p re i l le runJcr ju | l i l \ c r r lno l l ie . .
while anount of P was lorver at the 0 distance
than at all othcr distances.

Discussion and Conclusions

Juniper invasion in the sagebruslVgrirss ecosys-
ten distincd,v altered thc spatial distribution of
nutrients in rhe organic layer and soil. Morcovcr
trcc size intensified this e1}'ect. Nulricntgains under
juniper(exceptions notcclbclow) wercnotnatched
with equal losscs ftom intercanopy ar-eas. Becausc

Concenlrut ionsofC,. , . .N.P.S.K".rndCr. . ( r lerugedolcr iunipcrs iTcclassesl5)rs.r f i rnct iNolsoi ldePth
lir dislltllc.s of 0 lo ,1 canof,\ radii l()nr tree boLes.

4.412 0 .016 0 .020 0 .a24
0

TABLE 7. -\lnounl\ fg/ rl oftotal \ and P, and e\chrnse'

ablc K and \'lg in the {) 30 cm soil laler a\ r
funcrion of distance lron rcc bol,..

Dislarce NIg..

0 008

E

5

o
O

-

o(t

a )11.) l
0.5 266.2f
I : , t3.9'
2  : 36 .1 '
.f 1,t3.0"

no jrniperr )12 I

111.1" 100. r.
118.1' l0:1.0'
D3.2" 99.1tr
116.2" 97.3.1
127 9, 92.1'
130.7 106.9

209.8'
22 .13 '
228.5'
2 l l . t .
22 t . 1 .
I 17 .6

' \\iilli. column lxlue\ \rith conlmon lellers rrc nol sigDiil

canl l !  d i f icrcnt  at  / '< 0.05.
I Bcciurc of an unbrhnced de\ign. no sep.rr.ruon 01 mcans

coLrld be made for no juniper sires.
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the organic laver and soil arc interral parts ol thc
same system. thev are influenccd by the same
cxternal factors. Hence. we expect sirnilar pat
tems ol nutr-ient accunulation. as obselvcd here.
However, the organic layer and soil differ in po-
slt lor, composition, and in chcmistry anong nu-
trlel]ts. Thcse dillerences account fbr dilferenccs
rn accumulation pattems observed between thc
orcun ic  1 r1r ' r  r rn r l  su i l .  rnd : rmonr  nu l r ien ts .

The paLtcrn of outrient accumulation undel
juniper trees was that of islands offcnil i tv" de
scribecl earlier for il !ariety oftree and shrub spe-
cies (Fireman ard Hayward 1952, Zinkc 1962.
Garc i t -Moya and McKel l  1970.  Bar th  19E0.
Be l .k )  c t  . r l .  l98o ' .  Th ,  l r rge  inc rer ' c .  in  rn r . '
ol thc orgrnic layer and nutrients beneath cano-
pies wilhj uniper size is larycly artributable ro thc
etl-ect of accLrnlulating biotnass rvith size (age)
(Bcrnhard-Reversa t  1982.  T iedemann and
Klcmmedson 2000) and slow decotnposition of
juripcr litter Steepness of thc gradients frorn boles
to canopy edge (60 to 120-fold grearel than in
intercanopy rnd no junipcl areas). er,en in thc
smallesl sizc cinss. reflects ltrrgc dif lerelces in
litter produclion and accumulation. l i tter cluality
(Kittredge l9:18. Klemmcdson 1992.1. and nricro-
climatc (rrdiation. tempcrrture. moisture) ol the
contrasling.juniper and it ' ttcrcanopy sageblush/
grass cnvironlllellts (Tiedcntlnn and Klemmcdson
1977. Bcisky et al. 1989). The steep horizonral
organic )ayel gradietts rcported here conlrasl
sharyl1' $' ith cssentially f lat gradicnts obserr,ecl
lor l i tter under mcscluite (ProsoTris juliJToru
(Swaftz) DC) and palo t crdc (Cen'itlium floritlwn
Benth . )  in  the  Sonoran deser t  (Bar t i t  and
Klcrnnrcd\olr 1978 ).

Decline in conccntrations ofN. P and S in.ju-
niper organic layers (Table 3) rvith distance liom
bolc to canopy edgc is l ikelv explaincd by the
change in l ittcfi l l l  composition and decomposi-
l ion cnvironmett wilh distance to the canopy cdge.

T l ru . .  l i l l e r  q l r . r l i t \  .  h , ,n ie r  l .  thc  p r , , l l r t i , ,n .
ofjunipcr and herbaceous littelftr l l  changc ncar'
the canopv cdgc rnd as the nicroclimate chlrnges,
thcrcby hastening decomposition. Spatial dist| i-
bution of l i l lclt l l l  is a possiblc cxplanarior for
undcr-canopv nutrient gradients. Zinke (1962)
rep , ' r red  th r t  h r r  k  l i r te r  o l  .e \  r rJ l  l i r re . l  t rcc . .
found in rings next to bole!. dil lered in pH and
elenent composition front lcaf l i tter that domi-
nated an outer ring extending to thc canop! edge.

We observcd no distinct accumulations oi bark
undcrjunipels. but did not so l itterlall t irrcoln
posltlon. However. based on Zinke's ( 1962) dala.
uc  prohrh l )  uou ld  h : r r . .  l , ,und  d i l f c r rn l  nu t f ien t
patterns 1n juniper organic lalcrs and soils had
therc been a distinct zone of accunulating bark
htter.

Wc have no explanation fbr the significant trce
size X distancc interactioD displaved fbr C con-
ceDlratien in the olganic layei ancl conclu'i! i t is
an abelTation in the d ta. That C concentration
of the organic la.vers clid not foiibrv rhe parrern
fbr N. P and S discussed abovc is attributed ro
the relative supplv of these elemcnts to decon-
poser or-qanisms and thcir fate dudng earlv stages
of decomposition. Carbon is abundant i[ organic
laycrs, rvhile N. P and S are usuallv limircd (Swift
et al. 1979). As m ineralizalion-inrmobil ization
ploceeds. cxcess C is evolvcd continuously as CO.
u  h i l c  N.  P  rnd  S ; , re  re r l incJ  in  i r r t rnub i l i zed  lomt .

The significant eflect of distance on amounts
ol'organic laver nutricnts is a straighll i)rward re
sult ol 'thc diltance effect on organic laycr mass
(Trble 2) and nutricnt cotrcentralion (Table 3).
The chan-qc in composition of l i tterfall along the
distance gradient has a beadng on both of these
\,ariablcs.

Although the horizontal pattern of soil nutri-
ent accumulation in the junipcr-intel canopy'. sys-
tcm was sirnilar 1() that tbr the organic layer. the
magniludc of distance gradients was markcdl)
flrtter. Soil nutricrlt concenffations ranged lion
l. L8 to 1.76-find higher ar ffec boles than ar canopy
cdge and intercanopy areas. except for P ( 1.02
foid) and Mg.. (1.12-lold). In the samc locale.
Doescher ct al. (1987) found concentlatiolts of
soil orgalic maltcr. N. Ca.,. and K.. under na
ture wcstern juniper 1.1- to L6-fbld highcr rhan
in the intercanopy areas. Barth ( 19130) found or
ganic matter and extracttrblc K about 3.,l-fold
higheq but Pan unusual Z0-lbld highcr under,190
yr-old pinyon pine (Pilrs edalls Engelm.) than
il the intcrclnopv areas. Tiedemann and
Klenmedson (1973) repofied 3.0- and 2.6 fold
tree-intcrcrnopy differenccs tor N and S lbr mes-
quite-grass s\stcms in Arizona.

Our tindirgs are gcnerally consistenl with the
literature rcgarding the tnosaic pattern of nulri-
r I l  J i . l r ibu l io r )  f , ' unr l  in  .a r  rnnc . .  o r  in  g r ls .
lands and shrublands invaded bv tlees or shrubs.
Hou,ever. wc ditler in somc rcspects on sourcc

Klcmmedson and Tiedcmann



of nutrienL gains. Some authon (ChrLrley andwest
1975, Bafih 1980. Kloprtek I 9ll7) hrvc concludcd
or implicd that enrichment of canopy area soils
nreans a Ioss from intcrclnopy arcas. Thal does
not necessadly follow In our stud,"-, all nutrients
except Ca.. and Mg.. werc cnrichcd in soils be-
neath junipcrs. Ho\\,cvcr, only N4g.. and Ca... and
possibly N. clisplayed signiticant ioss tiom the
in te |c r r rop l  ! l re l  \ ' , r | ln iUeJ  u  i t l t  t r  ju t r i fL  t  . r r -
eas. This is not to say thal gairs ol other nutri
erts (C..,-. q S. and K",) in crnop-"' soils did not
come. iIsor-ne t'lleasule. from iltercanop,v soils.
Hor rerer .  u ther  v ,u rce \  mi r \  h . r r ,  h icn  in rp , ' r -
tant to canopy soil ancl organic la,r, er gains of these
nutrients. The question remailts as to *here Ca
and Mg absorbed tiom intercuopy areas residcs.
since canop,l soils shou'cd no accumulation of
these Dutrients. I-ogicall l- i t appears these nutri-
crrls \fere absorbed and stored in the tree biomass.

Although not measufed here. temperature prob-
abl) cont buted significantl) 'to spatial clistribu-
tion of soil and organic lalcr nutricnts oljuni
per-intercanopl systems. The $idely reported
influence of t lees and shrubs on soil and l i l tcr
propefiies (N,luller 18E7. Haradire i958. Zinke
1962. Carcia-Mo1a rurcl McKcll I 97{) ) has lbcused
chiefly on plant to soil nuniert talsfers. Although
lhe  ! (n ( r i l l  e l le r ' t .  r r l  t t , r ' rn r l  \hnrh  \ . r  0 l1 i (  '  l ' n
unclcrsloly tcmpcraturcs arc unirersally under
stood. the spatial effects of undelstor) tempera
tures on nut.ient accumulation ha!e been scarccly
rccognized (Tieclemann and Klemmedson 1986).
Along transects from juniper boles to intercanopl
areas. the state ofthe s),stem (Je11n]' l96l) and
its microen v iron nrent changes $ith gfo$th to
maturity ol ' junipcrs. In tum. dccomposition ancl
rnineralization processes, and status of truffients
associated \\ ' i th I itter rncl orglnic miltter, changc
along thcsc gradienls. The role of temperature on
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