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Abstract
The obie.Lir. o1 th. rcsearch repoted here ras ro rss.ss rhe effect of Nesreni juiirIr (Ju "ip.na o..id.nral s Ho,,1,.) i,,!asion and
tree agilg on soil nrrtrient ovaiLabiLin ir sagebnrshlgrass r:cosystems ofcertal Ori,g,,n. Barler i{os useil as a bioass!\ L$t plnt
t o d e t e r t n ; j . a l d i | { b i ] i | i e s o f \ ' P . K ' a n d . q ' T h t s u t 1 r ( ! | ; C m o f s o i L f o m h e | . j ! L h j U t i r . c ! n o P i e S (

areas (niLcft a,b|r soill ras collected frrr fir| agr: c a"ses oI trees rangnrg frorn 36 ro 160 1. \utient alailal)iliL! ,lcr.rnined bI
b i . a s s - ! i n t h 1 , s . s o i | s w o s c o n p a r e d t o a l a n I \ L h | f ] j L n l i P e t h a d n o t i r r r a d e d ' P h r r s p h o n r s a r o i t a b i l i t r ' o

significantl rrrluccrl Ior the mo oldest ree classcs. This rcsulr suggested an ah..arion,)l P ulaihbilil! b! the lar.iral rnn illrcnr
o1we! te rn ju | i I l j r inLh . in |e rcanopvsrea. . lha t is ] i l1 r . l l ) } ]n iPerm! [ l r iF ' I

^lrancnrg junbenurur

.lh(it ol jLiniper {as in.reasd S auilab;liLr in oDopr n ils {nh ldvancins jlniper manui$- Difle.(i,rial n.sponscs of \ ard -c
avajhl,ilirv in canopl soils nrar n'11..t Lh(i li(l rhal \ rnnreralization is rhn,lL a biolosi(rl proce-rs $her.as S bitrcrlli,!liod is both
hn, l ( lgn 'a la .db iochemica .L 'Lov i r l I le rcnLa\a i | rb i | j l i eso f \an i l s

le .L i l i zaL i , ) , !  s i th  lhese e len ieDts .

lntroduction

Thc vestern juniper (/nniperus occidentaLi.s Hctctk.l
vegelat ion tvpc occupies about 1.2 rni l l ion ha in
ccntnl and south-central Orcgon (l)ealv ei a1.
1978). Ovcr much ol i ts range. $'eslcrn juniper
is erpanrl ing into the big sagebrLrsh (Artemisia

tndentata \utt.)/bluebunth lheatgrrss (A gn4tyrort
rpirrartlm (Pursh) Scribn. antl Smith) r.egetation
tvpe (Caraher i  978, Eddleman 19t ' t7). This inr.a-
sion mal be accompanied lry rcclistribution of
nulr ienls among b;ot ic and abiot ic compartmcnts
ofthcsc svstems (Tiedernann l9B7). Shallot Lrteral
foots ofjun;pel that extend well bcvond the canopv
edge (Young et ol. 1984, Everett et ol. l9{}6) ma_-v
cnable juniper to exploit  moisture and nutr ienls
frorn a nruch greater area than that $ithin the
canopv proleclron arca.

Conccrn for l ," .estern jun\rer irrvasion and the
impact on forage production has resulted in
managcment aimed at reclucing thc inf luence of
1\,este rn juniper. J unipcr removal is ar:co m plishccl
bv burning (Mart in 1978). chaining and dozing
(Winegar and Elmorc l9?B). fuelwood harvcst
(personal otrscn'ations of the authors), and rc-
cently, wholc tree hanesLing for fucl for electlic
po1{.er generation (personal communication. Dr.
Lec Flddleman, Professor-. Orcgon State []niver-
siw.). (ihaining. dozing. and fueltood han'cst oftcn

arc folloled by burning of residLrcs. Understanding
nu l r i en l  a , r ' umu lJ l i un  rnJ  c r c l j r r 3  I ' a t r c rn :  i s  Jn
essenlial stcp in assessinpl the consequr-'nccs ol var
ioLrs mana€iement stlategies on sustainable produc-
tivitv of serniarid woodlands such as westcrn
i r r n i l '  r .  l l . r  h rge  p lopn r t i un  , ' l  t h ,  n r r t r i e , r t .  n r r
a site are incorporatcd into aboveground biomass
compartments. rvhole-trer rcmoval or burning of
residues could rcsult in larlle losses of nutlients
and mav jmpair future prodLrdivitv ( l  iedemnnn
r  9B7).

ResLrlLs rcportcd here are parl ofa largcr stut lv
l u  ' l c l c rm inc  t he  i n f l r r . r r , ,  o f  se - t e rn  j r r n i l ' - r  ; n -
vasion and dcr.clopment on nulr ienl accumulation
patterns in sagebrush/grass ccosvstems (Crxrpcr-a-
l i ve  S ta t c  l t esea rch  Se rv i cc  g ran t  \ o .
B7-CIISR 2 31I6, Inf luencc of Western Juniper
lnvasion on \utr icnt Accumulation in Sagc-
brush/grass F)cosvstems. -4..  R. Ticdonann and J.
O. Klemmedson. Principal Investigators). Il,vpoth,
escs rclcvdnt to the prese t studv are that: 1) the
lateral rool svslem of testeln juniper exploits uvail
ablc nuir ients in the intercanopv spaces. and the
degree of change is rclatcd to the elapsed tinrc ol
juniper clevelopmcnti and 2) nuLrienl accunlula
tion bv littcr{ill ancl a nricrocnvironmell nlore
favorable fbr accumulation and maintenance of or-
gan i c  rna t t e r  and  nu t r i en t s  ( l ennv  l 9 i J0 .
' f iedernarrn 

and Klcmmedson t9t l6) in thc area
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bcncath juniper canopies resuhs in changes in
avai labi l i ty oi nutr icnts in that location (Tiedemann
and Klemmedson 1973. Barth I980. Everett er
al.  1986. I( lopatel 19f37).

Our objective was Lo determine changcs in
availabilitl of N. ]'. K, and S associated t'ith inva-
. i on  cnd  d . r  e l op rnen t  , , f  t \  c s t r r n  j . r n  i p ,  r  o r  r  r  t im ,
b '  u - i r r g  b i o r - . r  o l  - o i l  henea th  j un ip . r '  ,  a r ro1 , i e .
and in jntercanopv arcas.

The Study Area

S'e conductecl this study in cr:ntr:il Orcgon bccause
i l  h , r -  l hc  g red t c . t  c , , r rF r r t r a t i , , n  u f  s . r t . r ' r  J . r n i -
pcr (Driscoll 196.1). The stud_v area is at the Three
Springs Ranch aboLrt 14, km south of Princvi l lc.
O regon .  i n  scc t i ons  l l ,  14 .  23 .  and  27  T165 ,
I  5 E .

Climate is continental xi th marit ime inf luencr
fi-om storms originating off the I'acific coast (Dris
col l  I964). The serniarid cl inrate is charactcrizcd
b,v dry, hot surnmers and cold t'inters $,ith most
of the precipi lat ion as snow during lhc wintcr
months and rain during spring and i ir l l .  Mean an
nual temperatlrre at the airporl approximatelv 7
km Str7 ofPrinevi l le is 9.5"Ci mean Januarr ancl
July tcmpcraturcs arc OoC and 19.5oC. respec-
tivell, (l,nited Slates Departmenl ofCommercc. Nd-
t i on . r l  Oc " rn i c  . r nd  { tmo -ph . r i c  \ r lm in i - t r a t i , , n
197i: i) .  Mean annual precipitat ion is 25.3 cm.

Soils arc clcrir.cd from llount Mazama ash and
are relati\.el_y _youirg. Mount Xlazama erupled about
6600 y b.p. (Baldu,in 19621) deposit ing ash over
basalt oflocal origin (Lnited States Depflrtment oI
Agrir:ulture. Soi l  Conserval;on Sen,ioe l986). Soi ls
are Xelollic Camborthids ofthe f)esr:hutes Series.
Texture is uniformlv sandv loam; depth rangcs
liom 30 to 50 cm. The rnassi\.e nature ol the
N'[trzama ash fa]l has resulted in uniform soil orer
large ar-eas (Unitcd Slates Deparmcnl of Agricul-
ture. Soil Consenation Sen'ice 1986). No appar-
ent buried soi l  cxisLs ovcr thc basalt bcdrock.
Outcrops of basalt rock (blisters) are scattelecl
t l r f t , r r gh , , r r t  l hc  Jn  J  - | | t sg ,  s l i nF  l hJ l  l h ,  l I r r J i n  sJ {
gently undulating prior to the Mazama ash fall.

Ve€(etat ion of lhe understorv is dominated l iy
big sagebrush. rabbitbrush (Chry sot homnu-s spp.J "
blucbunch t'heatgrass, and Idaho fescue (l'estuca

i, lah,,en' i '  F. lrn.r l .  Cor.r ui un,iFr. lL,n \ i  E, tJt irrr l
is highly r.ariable. but averages ahout 250lo.

Procedures

Conceptual Approach

Foll)$'ing lhc statc lactor approach of Jenn_v (1961)

and Major (1951). the conceptual model for this
studv.

N",, P",.  K",,  S"" :  i (o,,  t) .r .  , ,  -  "

states that availabilitv of N. l', K, and S are a func-
t ion of juniper invasion (o;) and t ime (t) oi juniper
occupanoy ol a site, whilc slatc factorc of cl imil te
(cl).  biot ic fador othcr than juniper (o). topogra-
phy (r'), and pnrent material (p) are helrl constant.
or nearlv so. Using this model, r,;c carriccl out lield
sampling t'ith rigid control of cl, o. r'. and p such
that thcir effcd !,rould bc small relatir.e to the ef-
fect of o; and t.

l'or the small studv area, dirnale, topographv
(( 50/o uni lorm east*ard slopc) and parcnt mltc-
rial wcrc vcrv unifolr. Lnderstorr \.egetntion ol
shmbs and herbs was \ 'ar iable. and the impact of
thc biotic {actor other th:m juniper (i.e.. herhivores.
hunans, hr-e) appeared to be slight; in neither cir^sc
did the clistribution of the biotic subfactors appear
to be related to juniper presence or size. Although
shlubs and herbs nav inf lucncc cl istr ibution of soi l
ancl littcr nutricnts (Carria-Moya and N{cKell 1970,
Tiedernann and Klemmedson 1973, Klemmcclson
l983). thc scalc of distribution is small relatir.e to
that ofwesLernjLrniper and $as (|ntrol lcd bI sam-
ple locttion.

Thc studv lrrca shoved no evidence of recenL
domestic grazing or disturbance to the area beneath
lrees. Eridence of f i relood remolal rr. i is sparcc.

We selected f i le separate repl icate sitcs for
sampling, all within a distance of B km. At each
repl icate site, rve selected lhree trccs in cach oI
five size (age) classes and randomlv seler:Lcd one
tree in each size (age) class for sampling. 

' lhis

rcsultcd in a total of 25 sample trees-live repli,
e . r t i on .  o l  I i r e  - i ze  t r ge )  c l . r - -  r . e - t e rn  j r r r r i l ' . r .
These are referred to as Lrcc class I through 5.

At each of the f ive sites. wr sclcctcd a 5 to l0
ha open area l i th no juniper invasion that rc rc-
fer to as "No 

Junipcr." Within each open iuea,
three plots were established bv randorn distance
and direcLion from a cenhal s|arting point. Onc plot
was randomlv sclcctcd from thcsc lbr sampling.

'free 
ages r,iere determined from seclions tdkcn

from thc butt section of trees cut as pafl of the
larger strdy. Samplcs vcrc agccl bv Franco Biondi.

Tiedemann and Klcmmcdson



Laboratory of Trec Ring Rescarch, Llnivcrsity of
Arizona. Average tree age ranged frorn 36 v lrr
ttcc class I to 160 y lbr tree class 5 (Table 1).
Average height fanged from:1.3 kr 9.9 m.

A samplc ofsoi l  about 30 by 30 cm to l5 cm
depth u,as collected lrom each of thc fcrllordng lo-
cations at each site: a disLanr:e ol0.5 canopy ra-
clius duc north from the base of each $,estern
junipcr:: tr .0 canopy racl i i  cluc north from the base
ofeach tree (intercanopv); and at the selected sam-
ple plot in thc open sitc ("No Juniper").

TABLE 1 Arerage ag. and h.isht ol 5 classi,s ol $i,srcrn ju

t r i t )c .  s lmtk  l ( rs ,

Barlev seeds were sown into the pots. thinncd
to lhfcc plants pcr pot, and grot'n in a controlled
en\. ironment chamber with l2-hour photopcriod
\rith full spedrum, high output fluorcsccnt lamps
at 24,oC davtimc and 19oC nightt ime tempera-
tures. Relatir.e humiditv was maintained at about
70oll during the grorvth pcriod. After B rveeks,
plants $ere har-vested. oven-dried at 70"C and
wcighcd.

Study dcsign t'as a spJit-split plot with trees
(tree classes I through 5) and "No 

Juniper" as a
main eflect. location (ranopy. intercanopv) as thc
suirplot cffects and nut ent treatments as sub-
subplot elfects in the SAS Insti tutc Tnc. (1987)
tnllysis of r.ariance. Mean separation was by the
least signif icant di l lerence (LSD) ploccdure
(Carmcr ancl Svanson 197I).

Results

Analvsis of variancc showecl no signilicant dilier-
ences among tree classes ( including No Junipcr)
or ftrr thc intcraction oftree classes X location (Ta-
ble 2.i. The follorving were significant at p ( 0.005:
loc'ation (canopy, intcrcanopv). bioassay nut ent
trcatmcnts and the iDteractions of nutrient treal-
ments X tree class ( including No Juniper). loca-
tion X nutrients. and trcc olass (including No

Juniper) X location X nutr ienl treatmenl.

TABLE 2. Amlvsis oivariantr: (SAS) jb biousav nutrient trial.

Trcc
A g .  -  t r  H . i g h t

Roge Range

I

2

3

4

5

36

52

62

8 l

160

21  58

36,6B

1 t - 8 ;
,t4 135

108 ,231

3.3 2.9-3.B

].B 4. |  6.0

; . 0  5 .1  4 .2

9 .5  8 .5 ,1  1 .7

9.9 9.2-10.:[

Bioassay Tr al

A bioassav trial (Jennv et al. 1950) \!as used lo
determine availabilitics of individual nutrients N,
P. K. ancl S. Soils l,ere air-drird, rnixed tholoughlv.
and sicvcd to rcmove particles lar€ier than 4 mm.
The five field sites served as rcplications {or thc
greenhor.rse bioassav tlial. Soil (400 g) rvas veighed
into plnstic pots to il'hich the ibllo\,ling nulrient
treatments were applied:

I'robabilitv
( l f  > F

\o nitrogen i\o) P. K. S
\,,  r  ,sl ,horls (Pol N, K. S
\o potassium iK) N. P. S
\o sulJur (So) N. P. K.
1,,11 nurf i , ,nr Lri ,nLnrcnr N. P. K. S

Nitrogen t'as added at a rate o[ Ii34 rng.kg-l
as ammonium nitratc; phosphor-us at 89 mg.kg t

as calcium dihydrogen phosphate; potassium at 45
mp1.Lg-'  as potassiurn chloride; and sulfur at:15
mg.kg_l as magncsium sulfatc. ' l 'hese soulces ol
l' and S offcr little risk of confounding t'ith (la and
Mg. which are rarely deficient in western soils. $.ith
some cxccptions such :rs serpentine soils and highly
leachecl, acid so;ls (Bohn rt al. .  1979).

Comparison o{ yiclds bctrvcen the control and
full nutrient treatments averaged arnong trec
classes, "No 

Juniper" and canopy/intercanopy lo-
cations revealed that avai labi l i ty o[ one or morc

TRE[T\'IENT NI TR1L\1 'S AI)1}EI)

No rdded nutrients
Tree .lass (TCl

SiLc x TC

Location (Ll

T C r L

S i t e r T C r L

\utr i ( ! t  t i ia ton hL ( \ l

T C \ N

L x \

T C T L T N

4

5

20

I

20

.)

2{)

5

20

.3513

-00,19

. t 232

.0001

.0023

.0001

.0052

Siestern Junipcr and Soil Nutrients



nutr icnts tas sigrr i f icantly reduced (Tahle i : i ) .  Aver'-
ogc vit ld for lhc control treaLment for al l  tree
tlasses. "\o 

Juniper." and soi l  locations was 1.21
g  ,  omp : r r . ' l  t o  J . t 32  g  [ i ' r  l hc  l l r L l  nu l r i cn l  l r e r l -
rnent. E\amination of viclcls of individual treat-
menr,c sho$s that yiclds of No and So (1.49 and
2.4fi p1, respectivcll) l.crc significantly les,. than
those of the lull nutrient treatment and, thus. wcrc
chiefi responsible for lol {ertilitv of thcsc soils
as indicated bt the contlol treatrncnt ( l'ablc 3). Thc
average _vielcl for the I'o trcatmcnl (5.22 g) *as sig-
nif icantlv lcss than that of lhe ful l  treatmenL, but
the dif fcrence r\,as nol as subslanl ial as that {br N
and S. The K6 and lul l  treatment ,vields did not
di i fcr signif icantly.

TAl l l . f l  l ] .  Bar [ ,v  ) i { i l ds  l ; r  6  nn t | i .o t  t rea tDents  a reraged

rcross trei: chssrs anrl krutior*.

\  ie lds (g)

N. P. I. | u l l

I  . 2 1 ' l,1.:t" 2.46' 5.IJ2',

27% in "No 
Juniper" soil to 5BVo in canopv soil.

Bv contrasl,  relat ive l ield for P and K exceedecl
Bilo/o lbr all locations.

Because the three-1r'ay intcraction of trcc
class X Lrcation X nulrient treatment ilas signifi
cant ('l'ablc 2), it is appropriatr to discLrss lhe
source of thal intefaction al the outset using 

' l 'ahle

5. We lirst compare yields for soils of canopy and
intcr-canopv locations for tree classes I through 15.
!'ol the control and lull trcatmcnts, barle-l yiclds
for t:anopv and intercanop,v locations dicl not dil
fcr among lrec dasses. Similari ty of ,vields for the
Iull treatment bett'ecn locations and for all trcc
classes indicated that the ful l  treatment provided
an adequate suppl-y ol N*, P, K, and S undcr con-
dit ions of this bioassay tr ial .

TABI,E ,[ .  R.l lLir.  \n. l( ls l l  [xJ.enr] lor N. 1' ,  K. aDd S nr
open! lrtercanopy. aD.l c.nopl sorls .rerage oi

tree classes,

lulucs sith Lhc sam, letto arc rot sigdficantli differert at p

< 0.05.

Relat ive ,vir lds (1icJd oi an1 incl ividual nutr i
ent lreatment X" divided by the ,vield of thc full
nutricnt tlcahncnt X 100) tor N rangrd from 190/o
in soi l  f lorn "No 

Juniper" si tes to 310/o in canop,v
soil ('l'ablc 4). Rclativr: vields for S ranged from

Ful l  nu l r ien t  t rca tmr :n t  r id r l  (g l

Table 5 shows that thc No viclds did not di i fer
bet$,een the two locations for anv tree class. 

'l'his

No lur ipt

Canopr

t 9

22

J I

95

B3

93

95

9.)

21

3 1

5B

r l  ReJ:Lnre rre l , l  : Xo r r (a tmcnt  l idd  (g ) x  r 0 0

TABLE5 ' th lpar isonsofbar ]e rv ie ] i ] sbe t leen i les te rn jun iper tanopy(C) r tn ( ln rL i ] . ( |anoI , ! ( l ( ] ) I . ! [

N t" K" rrull

tc

Tree

I

1

5

I . t 1 l

t .212

1 l f l6

1 . : 1 8 ;

1 . 3 5 3

l  I30 ] 2:t I

. 8 tB  t . 356

.9,t9 1.197

.91,t 1.,17:J

.9lJ; 2.02:l

1 . 1 : 1 6  5 . 1 0 1  5 . 1 6 ;

L307 5.438 1.924

1.364 5.59;  5.36,1

1.349 6.521'  4.191

2.339 4.216 4.52: l

, t .3i j : i+ 5.508

6.:395 5.5'1

5.8q9 6.306

;.8t]9 5.722

;.:J30 3.:,12

2.375 1.692 5.1122 5.311

2.332 1.832 6.029 5.,t i l6

2.B25 L79:l  5.t-23 6.017

4.358+ l  6B'1 5_.101 6.119
,1..417* 2.03; 5. '1BB 6.131

LSD = 1.016 for comparisor of differences behveen locrlions lor cach trec unrl nut.i(nL tRidtrn.trt.

+ D(nor.s ! sisniliiur \i,ld difi,J(inr (p < 0.05) betreen canop! and Dtercaropv soil for an indiv ull lree elass lnd lrerlmenl.

LSD = l l23 for comparisons rnrong lrcc (lasscs. nulri.nts. dn(l ld,ali(nrs.

Tiedemann and Klemmedson



suggests lhat invasion and dcvclopmcnt of wesF
ernjuniper has had no inf luence on avai labi l i tv of
N. The Pe barley yields shol that P was signif i-
,  antlr  mun ar.r i l . rbl" in ,  rnupy then inl l .rcJnop)
soil, but only for tree class 4. The response of K
was in sharp contrast to that of P. The K, yield
for canopy soil was significantly less than that for
intercanopv soi l  for tree class 1; for other troc
classes. there $ere no location difierences in K sup-
ply. The elfect oilocation on S supply rvas markcd;
canopy soil n'as much higher in available S than
intercanopv soil for tree classes 4 and 5 (Table 5).

We noru compare yields for canopv and inter-
canopy soils lor tree classes I through 5 and "No

Juniper" areas. This comparison provides an in-
d i ,  a t i on  L , f  t hc  l ony - t ,  rm  i n l l u "n " "  o f  $cs te rn  j u -
niper invasion and development on availability oI
individual nrrtr ients in each location. For tbc in-

tercanopy location. juniper invasion has a{fcctcd
only the supplv of P; in the intercanopv soil it was
signficantly less for tree classes 2. 2tr, and 5 than
for soil from "No 

Juniper" areas.

Juniper hacl a grcater ;nflucncc on canopy than
on intcrcanopv soils; differences among tree classes
were evident for the P6, K6, and 56 treatments (Fig-
urc 1). Yields for the Po treatment $ere the same
among *No 

Junipcr" through tree class 3, but P
supply was signilicantly higher for soil of tree class
4 than that oftree class l; P suJrply for soil oftree
class 5 was lower than that of dll other tree classes.
Yields of thc Ko treatment declined between "No

Juniper" and tree class I (Tablc 2) indicating
reduced availabilitv with tree establishment. How-
ever, Ko yields then increascd and remained con-
stant through tree class 5, indicating that K
availability increa.sed after the initial dcclinc. Yiclds

7

U'
t 4(s

E 2
o "

Control N P K
0 0 0

So Ful l

Bioassay Treatments
Iigure l. Comparisons ofcanopy soil berlcy yntds anhng thc 5 Lree classes and "No 

Juniper" for 6 nurdent h.arm(ints. B{rs $irh
the same lelter are not significantll- dif|erenr 0=0.05) $nhin an indi! ual l.eatmenr. LSD = 1.12:l

Western Juniper and Soil  Nutr ients



Ior S tcrc most dclinitive and shot'ed clistinct
trends wiLh aclvanc,ing juniper matufi l r .  Thclc r lcrc
no difiircnccs in So vield betrveen "No 

Jun\rer"
and the lirst three tree clilsses. Howe,'er'. S availa-
bi l i tv increased rrarkerl ly frrr lhc lwo oldcr trcc
classcs (Figurc l) .

Discussion
' l  

i re similari t ,v ol avai lable \ in "\o 
JLrniper." in-

teraanopv. and ctnopv soils lvas an uncxpcctcd re
sult.  \ lost studies oi canopv/intelcanopv soi l
nutrient rvailabiJit,v have -"hown differences for
arai labl:  N brlwccn canop,v and intercanopv lo-
cdtions. ln our studies $,ith mesquite (Prosopis
juLtJlora Swartz.I)C) using thc same bioassa,v tech
nique. avai lable \ in soi l  f iorn benealh tree cano-
pics rras l5 t imcs gleater than in soi l  l rom
intcrcanopv areas ('l'iedemann and Kiemmeds()n
I9713). Barth (1980) found a 2.21,-f tr lrJ grcatcr
nit fatc-N conccntr l t ion in soi l  under old (540 v)
pin,von pine conlpare.l  to adjaoenl sh.Lrb-
Ju rn in r t '  r l  . u ,  J - .  \ l u reu re r ,  n i l r J l e  \  . o r . en l ra -
t ion in soi l  from benealh pin, 'on canoprrs l ;as posi
tivclv rciated to tree age liom 15 to 540 ),.
Klopatek (I9tl7) examined available N (NII-N and
NO3-N) in Lhc 2- to l0-cnl soil ll1'cr ibr tt'o sites
with maturc pin,von-juniper trees l l00 to,100 v of
aeie. At one site. the avai lable N was comparablc
bchvccn canopv and intercanopy areas. At another
site. avai lable N rva,.2X grcatcr in soi l  bcncath
ctnopies than in the interspar:es. We obser-ved no
similar response wilh incrcasing trcc agc.

Dil ferences in N rnineral izat ion potential may
explain lol av:rilability of N in canopv soils of rvest-
crn juniper. Klopatek and KlopaLek (1987) pro-
vide cvidcncc that nitr i fying bacteria are
-iubstandall t  lower in soi ls benealh canopics of
pinvon-junipcr trccs than intercanopy soi l .  Possi-
ble reasons lor low avai labi l i tv olN in canr4rv soi ls
include lerching of nitrate-\.  uptakc of avai lablt :
N ions b,v thc finc root system ofjuniper, high or
ganic ( i / \  rat ios. and inlr ibi t ion ol rnicrobial
proccsscs by volatile oils frorn juniper foliage.

'fhe 
obserred similaritl ol available P in canopv

and intercenopy soi ls (Tablc 5) for thc oldest and
largcst trccs (class 5) presented a conlrasl lo
pinyon-juniper $,oodland sludies. These studics
(Barth l9{}0. Everelt  er o/.  1986, and hlopttck
l9B7) indicatc improved P ar.ailabilit_v in soil be-
neath lree canopies 1300 to 5,10 y olt l )  comparccl
to adjacent interspaces. Howeler. our results clo

agree rvith those of Docschcr c, al.  (1987). The,v
found no di l l i rence in avai lable P (sorJiLrm bicar-
bonaLe rxlfaclablc) in soi l  bcncath canopies of ju-
vcni lc ( { .10 v) or mature (} B0 v) lestern juniper
compared to intempaces. ,{verage agc of class 4
trees, which exhibited grcatcr I' availability in
crnopv than iDtercanopy soi ls. t ,as Bl v. Our
results sLrggest thcrc may bc a pcriod of time dur-
inpl the developrnenl ol rveslern junipcr bct* 'ccn
,tr4 :rnd 135 v that P availabilitv is enhanced in
thc canop_v soi l  compared to inter.anol)v so;1.

Observed diflcrcnccs in available P betleen
canopv and interc:rnopy soils (Barth l9[10, Klopa-
tek 1987, and Ererett er al.  1986) for pinlon pine
and Lltah juniper (J. uLohensis (Engelm.) I-cm-
nron.)) has lcd to spccuhtion that the lateral root
svstem allects nLllrient status of opcn arc{ soils.
Ther-c is c, ' ic lcncc. including our obsenations. that
junipcr roots extend well  bevond the canopy edge
(Younpl et al.  l9B4). S'e fonnd weslcrn junipcr
laleral roots at a distancc of 4 canop,v radii at a
depth ol about iJO crn in several samplc holes.

Redur:ed avai labi l iLy o[ P in intcrcanopv soi ls
compared to "No 

Juniper" soils rtith increasrng 1u-
niper maturitv (lree clas-qes tr and 5) suggcsts thtt
lateral ro()ts ofwcstcrn junipcr have influenced nu'
tricnt capital ofthe areas bet$'een lrees. Our |esults
also suggest that the degr-ee oI altcrotion is related
to dgc of western juniper. None ofthe studies cited
above have exarnined P availability as a function
ol trcc agc lbr intercanopv soils.

Rcducccl K availabilitv in tree r:lass 1 canopv
soils compared to inlercanop! so;ls and ' 'No 

Juni-
per" areas (Table 5, Figurc I ) nrv reflect high K
dcmand in,voung trees lbr nutr ienls as lhe), al lo-
cate a Ja|ge part of thcir- r-csourccs to roots and Ib
liage (Miller et aL. 1990.).

llesults ol this study on S supplv, cspeciallv
cornpared to resulls l'of N. are notcrofihy. Ccncr-
ally, rlifferenccs rcportcd in SOa-S betr"-een canopv
and intercanopy soils have been greater than thosc
for NH-N and NO3-N. Balth (1980). for exam
ple, found 16X and 7.5X rnore SOr-S in thr:0-
Lo lO-crr and 10- to 40-cm layels of canopy soi l .
respectively. than intercanopv soi ls. By contrast,
Bar-Lh's canc4r,v soils containcd only 2.4X :rnd 4.IX
rnorc NO3-N at those depths than intercanopv soils.
Others (Klopatek 19U7. Thran and Everett l9B7)
hare leported NO3-\ up to l0 t imes higher in
canopy than inlercanop,v soils. In Klopatek s studv.
NII.-N compriscd most ofthe available N. but the
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canopv-inlercanopv dif ference r las only l lbout
t lofold.

Nlincralization of soil N :rnd S are rl sorle
respects similar and in some |espects different
(Starkey 1966. l \ IcGil l  and Colc l98l).  Nitrogcn
is mincraLizcd by biological rnineralization. where:Ls
-{ is mineral izecl bv biological and biochcmical
mineral izat ion processes (N' lc() i l l  and Cole I98l).
T l  r l  S  h r .  . r  , l ' r r l  m in ,  r . r L i z . r t i , ' n  - \ s l ,  m  i n  cL ,n
tlast to the single svstem lbl N may he\r explain
the inconsistent relat ion between N and S miner-
al izat ion noted bv lJicdcrbcck (1978) and the
clilTcrcncc in N and S supplv noted here. Presurna-
bly. biochemical feactions in thc S mincral izat ion
svstern lould be relat ivelv insensit i le to \olat i le
oi ls pfesent in thc canop_"_ cnvironment of this
studv.

Conclusions

T,ow P6 barlc,v vidds for hrtcrcanopy soils rvith ad-
vancing tree age suggests that the laleral rool srs-
lcm of $cstcrn juniper mav have transported
signif icant arnounls of P frorn open areas to lhe
trcc and canopv arca. This result $oL d seem to
support olu hypothesis (1) that the latelal rrxrt svs-
t - n  - r 1 ,1 , ' i t -  r r . r i l . r l , 1c  nu l r i Fn l .  i n  t h , . i n t ,  n  r n , ' p r
spaccs. Siithout mass balance data. however. it i-"
uncertain $helher reduced P avai labi l i tv in the in-
tcrcanopv nel is a consequence of P export b,v
jun\)er roots or altered condit ions as a consc-
qucncc of thc prcscnce of the lateral root-q. Our
data i i  om the larger par-t ol this sLrrclr on rrass bal-
ance of nLrtr ienls shoLrld shcd l ight on thc clucs-
t ion of nutr-;cnt transpofi .

Alailabilitv of N and K in soil beneath cano-
pies of rvestern juniper r{as nol grcatl ,v cnhanccd
bv inlasion and der.eloprnent of the tree. Thus, [or
Lhese nutr ients. ,e f( jccl our hvpothcsis (2) that
nutrient availabilitr beneath the .anopv is in4)roled
L r  I t t e r l i l ]  a . . un ,u l J r  i . r ,  . r r r d  . r  r r r i ,  r o -n r  i r , , r r r r r - n t
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