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Introduction

Conqreti t ion 1;r l imiled resources. sLrch as l ighl.
\rater. arrd nl l tr ienLs goterns l 'orcsl undcrston
vcgclalion production. Light is olien the lirniting
cnvir-onmental variable contrcllin€i underslor\ l)lenl
trrnmuniLies irr rncsic forcsts (Christ l  1986). \ 'atcr
or competition for soil moistLrre has heen proposed
r -  l r ,  J , , r n i n rn r  '  n r  i ' u r r r non t " l  f 1 r1n1  gn r ,e11  i 11g
uDderstolr production in rnore xeric pine frr |ests
in eastern Orcgon {T(r 'ucgcr 1980). ln a prevrous
studr 1re inrestiE(r l ted the el lect o1 r 'esource l i rnita-
tic'rl .nr undentor\ !iro\\th in a Piuu potulerottt
foresL in norlhcaslcrn Orcgon l l l icgcl 1989). Com-
peti t ion ibr lesources \ras separated into above
grounrl ancl bclol ground cornponents bv cornrner-
cial lv thinning 1o increase l ighL Lo Lhe unrlcrslon
:rnrJ br' trcnching the perirnetels of plots to sever
tree loots €troNil lg i l -cide. l lnderstorr biornass
signif ir 'arrt lr  i rrcn- 'ascrl  rrhr:n ovcrstorr r"oot corn-
pctition rra-. r'educed 1br belorr'ground lesources.
r " g , r ' l l - - -  , , t  l i g l r '  l . \ . 1 - , , ' ,  1 , ,  ; ' 1 , , r .  \ \ ,  s ,  n  r , r r -
ccr-tlin. jrorreler'. il under'-storr: Fo\th increased
d ' . '  t , ,  i r ' ,  r . ; - ' , 1  ,  ' ' 1 . , , 1 . " i ]  I n u i - t J n .  n , r t . i ,  n t - .
or a -.lnergistic eflict.

The uoncr:pt of rcsourcc l imitat ion rra,.  de-
vclopccl in aglicultule to lel;r' to the limitLrtion o1
p roduc t i r i L r  ( ( i hap in  19130 .  Chap in  e t  01 .  1986 ) .

The nor-e resource-l imitcd an indir. idual or corn-
I n r r r i l \  i - .  l l ' p  r n , , f c  t -  f r odu . t i , ' r '  i r ' ,  r ,  r '  "  i n
lesponse L{) an addiLion ol ' thc l imit ing resource.
This rclationship bctt'ccn resource availahililr anrl
productivi tv provide-s oir jet 'Live cri tcr ion lbr
evaluating the exle L of resourcc l imitat ion to the

I ' r " . l u , . i o r  o i . n ' l i r i d r r . l l  p l o r r r -  " r  '  ! " r n r n , r n i t \ .
I l  specif ic resources arc l imit ing" their addit ion rr i l l
increme productivi tr .

Sie clesignecl an rxp(irimcnt to test the efl;ct
of incrcasing l i rnitccl rrsources, soi l  rnoisture and
ritrogen. on understor\ ,regetaLion bioma-ss prodllc
Lion in a P. prntderoso forcst irl northeastenr
Orcgon. Our objectiles were to tesl ihe hvpolhr:scs
t h r t  l , , , t l r  $ r t , . . r n d  r i t r " g ,  n . r n r l  n .  t h e i "  i r r t ' r r G
tiol l i rni t  understory biomass procluction in this

Study Area

The studv rras condrrcLecl orr thc Hall  Ranch ofthe
Eastcrn Oregon Agriculturai Resealch Ccntcr,
localed a1proxirnatel1- 19 km southcast of Lnion.
Oregon ( l igure I).  The Hall  Ranch is t i thin the
southn estern ioothi l ls ol '  thc S'al lol  a I ' lountai ls
in thc nol-thca,(tern colner ol the stale aL an elcta-
tion oi appro\imtltelv 1060 rn.

T h e , l i r n : r t '  - , " , n r ' r , - r , r J l  r r i t l - ,  u l ' l  s ,  t  r r i n t e r - .
ancl hot dr-r sumrnels \rith occasional Lhundcr-
sl()rms. N{earr monLhlr air tcmpcratute extremes
rar-\ ' frorn :r minimuln ol f  9.2tC ;n Dcccmber'

r l ' r ( \ . , , r  l l ( ln \s:  L SD' \  ' \3r icrLrurol  Resr:o(h Ser l ice.  920
\al lo Rour l .  R. , ,o.  \ ( \ !d,  i i ' ) ;12.
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to t .1o(i  in Julr:  Irorr a rrraximum of B.5oC
in l)eccmbcr to jJ6.9o(l in lulr ( f i le data: Eastern

Oregorr Agricultural ltcscarch Center. Union). The

rnajoritr of prccipitaLion on the Hdl Ranch occurs
between \ovembcr and June in the form of snorr '

during Lhe rr inter. \ ' lean annual prec\r i tat ion for
I963-1987 las 605 mrn (\ \  i l l iams 191t8).

' Ihc 
cxperirrent rr 'a-s conducled in a Lt inus

pondctusalsvtrphoti(:drpor o,/b:r-t ll hite snowbern I
communilr tvpe sirni lar to Johnson and Simdis

\1 987 ) Pseudotsuga nel;ierll (Dougla,-fir')/Srrl-

phorictLr7.tts albus plant associaliort of the Stallol u-
Snake l trovincc of norlheastern Olcgon. Pinzs
do rn ina tes  t hc  o l e r s l o r \  and  codomina tes
reproducl ion $ith Aezdotsugo r?eri ; ieJit .  Densit.

ol Lhe over-ston' l 'as 3,1 5 trees ha'.  basal alea 22

m2 ha r. and lrce d;ametels at brcast height (dbh1

rlng.ed fuom 0.l l  to 135.6 crn l i th a mern ol 3l.B
clrn. Slrnpltur irpo\. CtLrex Sietei (elk seclge).

CaLanagrostis nrbe-vretr (pinegrass)" and .4rnir'a

t:only'ilk l.heartleal arnira) dominate thc unrler-
stolr.  Sitcs {cre selecl i lelr loggcd belore 19i36:

since then there ha-. bccn no logging.

Three rnajol soi l  scrics oc.ur \r i thin lhc
lesealch sitc: thc IIal l  Ranch scrics. f ineloanv.
mixed. l i igid. L i t ic Haplorelol ls (block I non-thin

anrl thin: LLrcL 2 thin)i  thc I( l icker series. loam-r
skelctal.  mired fr igid t l l t ic Agrircrol ls (blocks 2

and lJ non-thin): and thc Tolo series. medial ovef
loamr. rnixcd fr igid Typic Vitranclcpts (block 3

thin) (Dlksterhuis and High l9t i5). -Su acc soi l

te\ture ranges from silt loam to silty cla-y loam and
soil  depth varies from 38 to greaLer lhan 92 cm.

Methods

On April 15, l9fl7, 120, I x I m plots tere
cstablished in the understorr ol a Pilus folest. The
expeiment $as a completeiy randomizccl block
design. Three 5.0 ha stands or blocks lere

selected lbr this stuch. Stand-" tere considelcd to
bc rclat ivel_,- homogeneous in species composit ion
a r rd  - l . r r r J  - t l r ,  t r r r - .  ho r re r , e r .  und r  r ' - t un  s l , e l i c :

compo-sition varicd slightly among blocks. t'our
t r ca tmcn ts :  l )  con t ro i . 2 )  r \ a t c r . 3 |  r t i L rogen ,  and
4) $,ater' + nitr-ogen Nere randomlv as,.t1ncd to
each plot bv blor:k. There t 'ere l0 plols ptf  Lreat-
rn , : n t  s i t h i n  " r ch  ' , 1  t h '  t l r r ' .  l , l ne l -

\itlogen (\Ha. \O3, 32 percent N) nas applicd
br hand at i>0 kg \ ha'on cach nit logen plot on
Apri l  I5th, pf ior b sl)r ing growth. 

' fhc 
amounL of

nitrogen applied to thc fofesL f lool las sup-
plemented to appfoximate minelal izat ion oi tree
ro , ' t .  r r r , l  - uh -e r l r r e r r l  L  r i l i z r t i , ' r r  r . . l ' o r r . e  i r r
lrenched plots. there tree root competition was rc-
moved. Irom our crr- l icr studv (Riegel I9B9). We
calcult tcd the addit ion nitrogcn rcqu;fenenl bv
taking thc 1986 biomass production i iorn lhe non-

thinned/trenched plots. 171 J.99 kg ha '  r  1.5 per
.ent nit loplen in planL t issue (Marschner l986) :

25.68 kg ha-t.  then doublcd lhal lalue lo insure

a re-qp.nse (f imothr T,. Righett i .  per-.onal com-
municaLion). Approximatci l  85.02 mrn rr1 precipi-
tat ion ( lohn D. Wil l iam-s. personal connlunicaLion)
was received frorn the daLe of iirtilization through
thc last cla_,-- biornas,. t'as harvcsLed (Julv 7).

S'alrr Lrealments $ere irr igatccl birveeklv iom
\' la1 6 through Junc lB Lo s;mLrlale the increase
in soi l  l 'atcr after tree roots grol ing in trenched
ploLs had been severcd (Ricgel 1989). Our objec
tivc Nas to amelidate thc r lmounL ofsoi l  \ \ater the
understor'!'r-cceived efter tree root compdilion had

been reduced after-h enclring. a rlillirence of I0-15
pelcent bct l leen lrenched and non-lr-cnched
lreatments. The amounl of $ater required to
sirnulate highcr soil water contelt rras calculated
for a soi l  rolurne of 100 x 100 x 50 cm (depth)
= 500.000 onr. To increase soi l  latcr b,v l0 per-
cent in the 0-20 cnr depth. te rneasured l lulk dcn-
siLl 0.9 $n/cm'x 500.000 crn' :  'X5.000 grn soi l .
s l  i . l r  r .  r r p l ' r " r  im . , t e l r  2 :2 .5  L  o f  s r r t ,  r .  . r . . r r r n i n9
50 percent porosi iy. As thc scason progressed \re
incleased thc arnount of *atet to 30 L on -\ l lar '  21"

Figure  l .  Thr  I le l  Ra,xh .  locar ion  o f rh .  nud\  a tea .
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and 40 L JLrnc 3 ancl lB. Soi l  rnoisture las
mcasurecJ gravimetr- ical ly aL rhree depLhs {0-20.
20-.10. and 40-60 crn) l ;oLh inside and adjacent
to each plot 2:[  hour-s aftcr rraLering on Ma1 2]
and June 4. To constluct t l lc soi l  \aLef release
curves. gravirneLric soil moislure r,ias con\.efied Lo
rL r l r rme t r i ,  . u i l  r no i : l r r r i  c . I t c r r .  q  r p l rF . ,  n t l l t i \ e
soi l  u'atcr releasc curre for the 0-20 cm depth is
shotn in Figure 2. Soil {ater fctentilih ll.as deter-
mined cm a pressure plaLc mernhranc apparalus
(Soil I'htsj<:s l-aboratorr,. Soil Science Department.
Oregon SLate LJnir ' . .  Conail is).

MPa

Fisure  2 .  Repre*nr ! r i re  so i l { r r , r  fe le lse .ur ' .  o f rhe  ( ) .20

.nr  depth  1r ,n  b loc l  1_  lh f  Ha l l  Rr . ( ih  lo i t  sern js .
'rhe 

I axis is $il \lrrir potenrial t]\lpr) and thc v
e \ rs .  te r . rn r  \o luner rn  so i l  mo is rur ( .  (O, t .

Plots wcre clipptd at peak standing crop begin-
ning June 26 through Julv 7. TrnmediaLelv prior
to cl ippingl.  each plot las photographccl to assist
with interpfct ing results. Lare.r las cl ippccl and
baggctl  separatclv. Biornass r.as clr icd lbr '48 hours
al 60'C and lcighed.

Carer biomass sanrples l ,err pooled bl. treat-
ment n'ithin blocks iirr nitrogen anah'si-". Nitrogen
. , r n ,  r n r r . r l i o r r  r r . r -  , l e r ' " r n i r r ed  s i r h  r r  - e rn im i t r o -
Kjcldahl apparatus (Blcrnner 1965). Nirrogcn total
Ll(icumulation of biomass is defincd as rhe tota.l
quantiLr, of ni lr-ogcn in the above ground port ion
o1 the pl.rnt per unit area (kg ha-'). derived bv
m u l t i p l r i r r u  l J ' p  r , i t r u 8 r - r r  , , , r r , ,  r r t r c t i , , r r  , , i C o . " r  t
tolal biornass {kg ha-'}  of each plot (Jarrcl l  and
Bevcrlr l98 I ) .

[ , ight. l rhotosr.ntheLic actire radiat ion (PAR).
lras quanLil ied ior rach ploL with ozatid rnLcFIa()rs:
lxroklets oflight sensiLivc ozalid paper in plasic petr.i
dishes (Friend 1961). Onc integrator tas placed
on a lrvcled area in the r,cnter.ol each plot fcrr 24
hou l s  on  6  Sep tcmbe l  1987 .

Analvsis of variance was used to lest trealmcnt
, l i i l n l e r r . .  i n  h i , , r n r ss  p rn , l u .  t i o r .  n i l f ogpn  cun -
tentr-at ion and nihbgrn total accumulation. and
quantitv oflight. Cornparisons ol trearmenr means
wcr"c tested using \\ral1cr-Duncan K-ratio. A prob-
abilitl r.alue oi 1, { 0.05 .was used throughout the
anahscs to test signilicancc of F values. Probability
lelels lere calculated in the SAS lnst i tute Inc.
(19fl7l program. Only signif icant dif fererrccs are
rcported in the text. A sirnple linear. r.egressron lras
r r s ,  J  t o  e r rm ,ne  t h -  r r  h t i o r r : h i p  o t  h i , ,m . r " -  f f L , -
duction and quanti t ,v of l ight. Due to inadequate
and uneven sample size. stat ist ical analrsis of soi l
moistule data r\cre r1ol perlbrnecl.

Results and Discussion

This lcscarch suppo s thc hvpothcsis thal $ater
and nitroge'n are l imil ing en,, ironrnenLal variablcs
that control understort pr-oduction in P. pontlerosa
forests ol noltheastcrn Orcgon. Thc greatcst
respon-"e occurred r|hcn rraLer + ni lrol ien weac
adclecl to the lorcst 1loor (I igur.e 3). U, 'aler + ni-
t r ogen  p loducec l  { 1031 .2  kgha  ' )  l 6  and  lBpe r -
cenl greater biomass Lhan nitrogen (Btl [1.6 kg ha-1)
and laLr:r (870.6 kg h:r-r) trcatrnenLs and 136 per-
cenl more thdn the control {756.7 kg ha-1).
Honever. the addit ion of tutel and nihogcn in
scparate Lrcatments !'roduccd only 15 and I7 pcr,
cent more undcrstor\ biomass, rcspectivclr.  than
lhe  cL , r l r o l  t r e : r t r n ,  r t .  l r r  t l r ,  \ \ . r t c r  -  n i t f , , ! F r  t r pa t -
ment. addit ion of tater faci l i tated thc uplakc oi
nitrogcn to unrlcrston plants. This synergist ic ef-
I i 'ct  of nitrogen trptake enhanced bl higher soi l
mo i - t r r r ,  h r -  1 , . ,  n  doc r rm ,  n ted  i n  r . ompr . t i t i on

Control Water Nitrogen Watef +

figur' 3. Urdersrorr bionEs\ (ks ha ') n.sponse ro rr.rheDrs.
Ieu\ silh rhe sume lenef lre dot sign;llcanlh {ji1
lirnr. Standa enor oirr.atnenl n,cans is 1t:t.71

12 Rieg' l .  Mil ler. .rnJ Kru,g, r



stud-l using trenches condtrr: ted in lhe sarne ex-

pcrimental blocks ol- thi-" studr (Riegel 1989).

lrr igating plots incrcased soi l  nroisLur-e bv 4l

pelcent (scverr percent diffcrence betnr:en xatered

and non-\ratercd Lreatrnents) in Lhe upper third of

the profilc (0-20 cm dcplh) where thc gfeatest loot

compeli t ion occurs (-(nider and Nli l ler 1985.

Slejcar l  986) (Table l) .  Acldit ion of soi l  laLer in-

crcased soi l  1{alcr ()ntel l t  to similar lcvcls

rnea-(ulcd in t lenchecl plots (Riegel 1989) in the

0-20 cm dcpth. Irr the micl (20-40 crn) and lower

third {, tr0-60 cm} soi l  depths. adding water also irr-

creased soi l  moisturc" bui Senelal lr  less than in

thc upper third o[ the profi lc.

TABLI, L \ olonetric !oil n)istfte 10/01 lnrcuns aud ltandrrl

deriationsl mQsured 2'l hours !11(r irrigation \Llrhirr

$ r le r  and nr ) r ! {a le r  l re r ln r rn ls

TABLE 2. 
'l,nal 

nirlogen ris$,. .o!.eDtration (oo ol Caret

gerer i  io l iage  and ( r ) , ,1 , , ) r  l kg  ha  ' l  o l  b io r tuss

lnn 'a rs .  s t rndo( l  d , \ ia l ions .  and ! lon ,hn l  . t ' o rs l

b\ trealnxrnlr. \lrans rdth the sarrr k'tter are not

s isn i f i cunrh  d i l la lenr  (P  <  0 .051.

l i  r l c f  +

r"ilrcg.n \\'aler \itfugcn

\ i ln ,g . r

' 'st)
-sE

L33 ! 1.01 b 1.32 a 0.98 l ,
0 .1 ;  t ) . 23  0 .12  0 .21
0 .01

.!t)
SL

11 .82  a  9 .0 ;  !
; .1,1 3.30
l . ; 0

13.61 r  1.112 t
L. ; ,1 2.15

Carer ni lrogen conccnlral ions siEpif icantl l  in

c r " . r . ,  , l  i  r  l , o l l r  n i t r u ; . r '  r nd  s r r l ,  r  I  n i l f oy '  r l

t rFc tn rpn l -  \ i l l r  : l ' - )  f pa .  I l  | l r , ' r '  l i - - u ,  r i l r , , g - r

conccnlral ion than thc qrntrol (Tublc 21. Tissuc

niLrogen conccnlraLion did nol r-eslxrnd to increased

soil rrater-as compalcrl to lhe corrtr.ol. Nitrogen total

accumulati{)n of bionlil'5s anong lreatmc'nls \\as not

stat ist icalh di l felent. although treatmcnls \ tele

highcl than the conlrol. Chrer uptake ol nitlo€icn

in the trench lrcaLment { l l icgcl l9B9) produced a

-"imilar response. Nit logcn concentr[t ions of (;ren

in the non thinned/trenched plots were 1.31 pcr-

cent in 1987. oni,r '2 pcrccnL less than planl t issue

nitrogen in thc nitrogen fertilizcd trealnrents. Ihcsc

responses of irtcreased nitrogen concentration. lolal

dccumulation and biomass production are due to

a svnelgjsl ic effect. i .c." t lptake of nutr icnLs frrtm

lhe soi l  t 'ele cnhanced b,v thc adcl iLional soi l  latcr

in the rater + ni lrogen and trcnrhed treatments
(Jarrel l  and Be,'er!- 1981, Riegel 1989). Holerer.

l issue \ conccnlrat ions t 'ere nclr l !  er l tral in both

ni lrogen trcalrnents. but the addit ion lr1 wll tcr ;n

thc $,aLer + nitrogen treatment prornoled more

grorth. lncreased biomass produdion in thc nilro-

gen lreatments mal h:rve becn aided bv incleascd

n i t r ug -n  r ra i ho i l i t r  ,  r r l r  i r r  l l r e  s ru \ \ i n !  - r c ' , , r r .

$hen $atcr uas not l imit ing. Plants grol ' ing in ler-

tilized pkrt-s appcarecl darker grecn and also regre$

faster after- clefol iat ion than lhe $atel or conlrol

Inibrmation on the ef iect of ir l igat ing and fcr '-

t i l iz irrg herbtrccous wild lald plants is l i rnited. In

an agroccos\ '-qlem. -singh et al.  (1979) r 'cported

unilr igated Tri t lcun aesti tun ir lheat) did not re-

spond lo a nitrogen applicaLion greater than f30 kg

\ ha-r. ithcr-r:as on ilrigatccl plots resPdlsc to

nitrogen lras l inear up to 120 kg \ ha'.  In our

cxperiment. r 'hcr-c $ate} and nitrogert Lreatrnents

had ncarl l  equal biorrass production" thc addit ion
ol r l :r tel dccreased soi l  rnoisture l ini tat ion but ap-
paren v incr-cdsed Lhe nitrogcn rtluirerneDt. \Vhcn

plant gro\\ 'Lh and viclcl  are l imited bl avai lable

moistLrre the nilrogeil requilenlcnl is relativel-v lol.

I f  rrater- is appl ied and gro$lh is incle$cd" lhe

\ lav  21 .  l9 l l i

lr : 22\

( {a le r  and Nar ,  r  +

(Dilrogc,r d, .orlroll

Diffefencrs |( 1\..n

23 i ;r  20 13r l . l  ( i l )

t ;  12 r  l 8  16 r  l i l  ( l l

JuDe .1. l')8i

i D  = ; l

({!1.. dn.l (rid +

(n i r f r )g (  D ard  conno I

Dillc..n( ( s l,.hLeen

29 l l l l  :10 r18r 20 l3l

22  (3 t  19  l l ] )  20  ( l )

I
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nitr-ogen requiremenl ma1 also increrrse. ProLrin svn-
lhcsis is typicallv reduccd bv later stress (Hsiao
-t97i l .  Hsiao and -Aceredo 1974) and the activi t ies
ol some enzvrnr:s inr.olved in nitrogr:n mt{rbolism
ar-e dccreased althorrgh othr:rs are increased (TorJcl
1,972]l.

Pumphrey's (1980) finding,. reinlolce nur- re-
sults. lhdt the ef l ict of a rr i trogcn addit ion to this
svstem is cnhanced when soil rnoisturc is not lirniting
lbr plant upLakc. \\'hen soil moisture is lol. nutrient
movcment to the r(x)t surfacc and uptake are fe-
duced (l\{arschner 19ll(r). In a sturll conducted ad-
jacent to orrr rcsc'arch area. Punphr-ev iound that
spring precipitat ion corrclatcd most chrselr l i th

lield of both nitrogen fcrtiLizctl (67 kg N ha-r) and
non-l'eflilized plots of irrLrocluccd glasses. April
precipitation correlaled \rith viclcl higher than an.r
other month, lor both fertilized (r : 0.7,1,) ancl non
lertilizcd (r = 0.12) trcatnrcnts. L tiliz:ltron ot \raLer
and nutrients during the earlv gro$ing sftrson take-s
optimurn advantagc of this \\,eathef llaLLcrn. Rcduc
inpl nitrogen deficicncl br linilizing allolccl the
gr$s to be rrore respon,.ive to precipitaLion ancl
subscquent higher' soil rnoistule le.;els.

Othcr resenlth has dcnonstrated that sulfur anrl
phosphorus mar. also limit understorr. biomass pto-
ductiol irr this region (l'rer.man and \an Rvs$Tk
1969 r  Cc i s t  1911 .  1971 .  1976a .  19?6b .  1977 :
Ceist and Strickler I97{l; Klock et aL. 1975).
CoInn'uet"tt i t  rubr-pn: l-r t  l iet l  s i th .rrnrnonirrrr
and nitrate applicd at 100 and 200 kg N ha I in-
creased bionass production br lictols of 1 25 and
2.25 during the rear of appl icat iol (Frevrnan and
r rn  R , - . ' 1 ,  I qL ,q l .  l h i -  r - - l u , r r - .  r , r .  i r l  r e . r "e , l
r,hcn S (p1'psurn) r'as appliecl vith niLlogen. A
Dat4lis glomertLtn (orcharcl grass) stand ii:r'tilized
with amrnonium -"ullite at a ratc of 92 lq \ ha-r
p rod r r ,  ' , 1  l ' , ' r r r  t  r ne -  r n , , r ' ,  l , i , , r r ' ; - -  t l r ; r r r  . rmrnon iu r r r
nihate tleaLed plols at the same rale ancl scvcn times
the unfenilized I irld of 213 kg ha-' in Lhc first lrar.
(Ceist l976a). ThoLrgh rre dir l  not measure S and
P concenLriltion in the soil. Cnre.r Lissr.lc concentra-
tions ol these nrrtfienls r\crc relxrrted higher in plots
wherc t lee root ()rnpeti t ion had been reduced
(Riegcl 1989).

Light (PAR) does not appear to be l i rr i t ing
underslon ploduction in these forcsts as there u,as
no  re l a t i , , r r . l - i n  t ' ,  L i eh t  aua r  r i r !  r r r , l  I , i um .s -  p ro -
du<tion. Correlation Letr,;r:cn biomass and light
(PAR). mctsured on each ploL. r,;crc not signilicant
(/  = 0.Ol).  Diffcrences in l i j . .ht levcls behreen
treatrnenls $efr also not signiiicant (Tab1c 3). l'lots
were distr ibuLed in a ralclorn shati f ied proccdure

TAB].l.l 3. Lishr. phorosvDther;. odi'e radiadoD-PAR (pmol
m ' dal x l0') (dkus. standard devilrbns. and
dd, lrd errori). meas,nal ar sround lelel. Thcre
*el, rn signilicant differend,s b.tlveen rearnerc.

\itrogen

1 2 . 1 1 2  r  l 0 '  1 2 . 2 2  I 1 0 "  1 1 . 6 5  \  1 0 6
SD 39.31 \  l i )6 3 i1.21 x 10" r - .10 r  106
sL 2.69 \  106

t 2 . B l  \  1 0 6
6.1.30 r  106

which accounted lor a I3 percent lange in quan-
l i l \  , , i  l i : h l  l he l  unJc r - r , , f \  r r  p ,  I n t i on  r - c , i r r : .
' lhough 

we did not increase l ighL as le did nith
water and nitrogen" rcsults from our thinning shrdl
lhcre l ight tas increascd demonstrated that the
rundcrston' biomass d;d not rcspond to highcr light
inLensi l ics caused br opening the stand frorn com,
mercial thinning (t t iegel 191t9).

It is cloubtiul thal rclding l,aler and nitrogen
fertilizcr hacl the same cffcct as trenching. thus
l imit ing thc cornpatisons of thcse studies. Sever-
ing lree roots dccreased soi l  watcr depiet ion rales
in  t he  t " - r r ,  h ,  d  p l o t .  t l r r o r re l . , , r r t  I n ,  g ro l i ng  - . : r -
son. as conpareri  lo nontrenched plots. Besides
incrcasing nitr:rte and rrincralizable nitr-ogcn from
the addit ion ofsc\.ered tree roots fol lowing tr.ench-
ing. mall other belougr-ound pror'esses lcre al-
tercd lRiegel I9B9). Also, l , i thin trerrchcd plots
lhere rr,erc no tlee rools compcting fol \'ater and
nilrogen. In thi-s er.perirnent. ho$'ever. lree roots
\rere compeLing 1br nitrogen and r,;utcr i thich rral
,  ' , p l c i n  s l l l r -  r - . r , , n - "  \ \ r -  r , , t  r :  g r , . r r  r -  i r r
thr trcnched plots.

L nderslon vegetation. r.onposed pl imari lv of
native herbar:eous spccies. i-s primarih limitecl both
bv $ater and nitrogcn. WithoLrL adcquate soi l
moisture. nuhienl uplakc and plant ralef r lat ions
nav lirnit grolth. perticulrrl_-! in lears of bclow
aleragc precipitat ion. Prudcnt forest and range
malagers should consider the role or.crstorr corn-

t r  l i l i o r r  p l c \ .  i r r  r i r n i t i ng  r c :o . r f . c -  r l r J  i  on t f o l
undersLorv l .cgetat ion growLh l{r insur.e sustaincd
mult\rle-resour-cc productivitr. Condnua.l resou rcc
exlract ion in n; l fogcn l imited s)sLcrls mav leacl tcr
dccreased bng tefm ploductivi t \ .
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