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Abstract

under .,ttraslilg dr iLi
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$ ! s s i g n i | i . a n t ] \ h i g h r l r | i l r j u r r ' n i l r : s l i t h h i h s l l i l l l a l : r '

no t  s isn ; f i .a , rd ) -  d i f f r : rcnL  in  l9B i  and l9BB.  S in r i la r  d iu rna l  o r rv r :s  o l  l : r1  <r ,ndu<, tanr r  in  l t )87  anr l  1988 rvcre  ussoc iaLed v i th

d i | | c r n l a r n o l n t s o | . t r a r l s p i t a L i o n b . . a l | s . 0 l . h i g L l a p o r p r c s s l r c r l c | i r l i t s j n l 9 B 7 a n r 1

of jurenile J. octidertalis vae nrre responsi!. thd addt stomata- jurdrilcs d noL r.stri(it bansr)iraLioli rhcr valor prcssurr:

deficits nere high; adults had higher water use efliciencies. tr'ith lapor pressure deficits > 3 .5 LI'a. fluctuatiors in lea{ cord uctarr c

oljulcnik J. o(.i.d€nrdla indiclrd sromoral dosurc lnd r.oprlins in -20 minute c-lcles {ron 1000 to 1630 hr. Inoenses n)

u i t t d n | l ] t { L u f . s ! n l I v ! I ) o r p r s s u r d i : l i c n s c e n b
wn,  ( l  ra r ia t ions  in  a ra i l r r l l l c  so i l  nn is tu r ' .

Introduction

Scenalios of future climatic change predicL increas-
ing rir tcmpcraturcs vith concomitant rncreases rn
water vapor pressure rJefici ts exJrerienccd b_v
plants: patterns of precipitation and soil moisture
are also predicted to change (Schlesinger and
\ ' l i tchel l  1987, I lansen et al.  l9BB, Manabc and
[.etherald l9B7). In a local ized region. increased
air. temperatures may oI may not be accompanied
l iy decrcased precipitat ion and soi l  moisturt:
(Manabe and Wetherald 1987. Running and
\emani 19139)- Iniormation on the response of nal-
urally established trees to unusual. but natural.
combindtions of soil moisturc and vapor pressure
dcfici ts can pror. idc insight as to rvhich cnviron-
m.n ta l  [ ac tn r .  a r c  rn . - t  l i r n i t i r r g  a r r l  l r o$  na t i \F  s l ,F -
cies may respond to predicted alterations ()1

cl imatic regirnes.

An umrsual precipitation event (P ( 0.001)
during Julv, 1987. produced 95 mm of precipita-
t ion at Redmond. OR. comparerl  to thc a\.clage

July precipitat ion ol 7., tr  mrn (NOAA 1982). Dur-
ing August 1987, a period ofhigh air temperatures
and high waler vapor pressure defici ts rxrurrcd
while soil rqater content lras higher (l' < 0.10)
than was soi l  water content during August. l9BB,
a summer $-ith precipitation similar to the long terrn
n\.ela€re at Redmond (\OAA l9B2). Soil moisture
rvas trnusually higb for almost a monlh prior to thc

August l9B7 measurements and $as loil for the
month prior Lo the Augosl I9{]8 measurcmcnts.
This month long pcriocl ofprcconditioning allorved
the trees used in this research to equilibrate lith
soi l  moisture condit ions.

N.un mrrim.rm rnJ meJn mir imum Jir tcm-
peratures u'ere similar for the monlh preccding thc
mcrsrrcmcnts in l9B7 and 19BB (Mil ler er al.
l qq2 t .  Ho " - r - r .  l hc  e r r reme  mr r imr r rn  . r i r  t ,  m -
pcruturc of42.5 oC on 10 Aug 87 r 'as consider
ably above the highest August mean mi*rmum arr
tcrnpcrature of 30 + 3.6 oC mcasurcd at Rcd-
mond. OR. from l95l to 1980 (NOAA I9B2).
This combination oI unLrsual precipitat ion and cx-
treme air temperature produced expenmental con-
diLions that al lowcd conparison unong,lunipenu
occidentalir. which tere in a similar phenological
- t agc  d t  t l r e  - . r r n .  f i . l d  : i t r .  un r i c r , " r n t r . r - t i ng  en -
vironmental regimes of high soil moisturc and high
\.apor pressure defcits in August, 1987. lersrrs low
soil moisturc ancl rclativcly lou vapor pressure
delici ts in August. I9BB.

Data fcrr thc nlo August pcriods, t'hich lbcused
on small trees with juvenile foliage and large trees
with adLrlt  fol iagc. wcrc parl  ofa largcr l5 month
studv on thc sensonal course of physiological
processes for J. occidentolis (Nliller et al. 1992).
Analvsis oI thc trvo AuSusl dala scts indicated con-
trast ing patterns of physiological responscs lhat
providcd thc opportunity to explore the plasticitv
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of naturallv established trees by f;cusing on a
rlctai lccl analvsis and compalison of diurnal
lesponses of juveni le and adult trees. Presentation
of this tvpe of detai led analvsis was not possiblt :
for thc htal l5 rnonth data set. l'he t$.o Au€iust
pcl iods \rhere chosen because thev contained in-
teresl irrg conlrasls in plant rcsponscs to dif fering
envirorment:r l  condil ions.

Juniperus occidentalis Hook. subsp. occidentalis
i-s a native North American conifer that has sprcad
and irtcreased irr dcnsitv in r- 'astcrn Orcplon dur-
ing thc last 100 vears (Dealy er al.  1978). {,nder
the present dimatic feginle. J- ot:citlentalis ctr-
rcntlv occupics 1.145.000 ha in central Oregon
(Dealy- ez 41. 1978)i i t  has succcssfr ly invaded
non-degraded commuDit ies and communit ies
' l - ) : r J , l ' , 1  l ' \  ; r az i r r g . rn im . r l s . r r r J  h '  f i r " . upp rn - -
sion (Young lnd Evans t98l).  The tolerance of

J. occidentaLis t<:: low soil moislure ancl high vapor
pressrrre defici ls mav detrrminc i ts abi l i tv to rvi th-
stand increases in air tempelatures and decreases
in precipitat ion prccl ictccl * i th incrcascd lcvcls of

lireenhouse gasses amd mar effect its abiliLv to con-
t i r r . r ,  t , ,  : p r , . r , l  r nJ  i nc r " . r - "  i r r  r Jen - r l 1  i n  e . r - l e rn
Oregon.

ObjecLives of Lhis rescarch lrcrc lo mcasurc thc
rcsponsc of carbon dioxicle assimilation, leaf con
ductarrr:e. and inLer-cel lular- carbon dioxide concen-
trations to changes in photos,vnthetic photon flux
densitv. leaf ternperalure. and \vlcm 1{atcr- potcn-
tial as thc lesult of contrasting combinations ol soil
moislLlre and ambient vapor pressLrre defici ts.

Methods

l 'he research site. located l2.B km u'est of Red-
nond .  O rcgon  ( , 14 '  16 '  N .  121 "  20 '  W) ,  i s  a
gentle. west- lacing slope at 1050 m elevat;on. Thc
soil is a rrcll draincd loam_v-skelual, Aridic Haplox
eroll derived fiom Xlazama volcanic ash o,rer tLlff,
wi lh a uniforn] si l t l  loam Lerture r lown to a hard
pan at about 70 cm. Annual precipitation at lted-
mond averages 217 nm. f i9o6 ol whict occurs
from Octobcr to June (NOAA I9B2). The plant
comrnuniL! at lhe rescafch si le r las sirni lar to thc
Juniperus I Att emi^sitL I A€fop\ron Chaenactis associ:.-
t i r .rn describerl  bv Driscol l  (1964).

Juniperu-s oct:itlentolir h:rs neeclle-like juvenile

lcavcs r,".hich are replaced by scale-like adult leaves
as the planl matures (cle T,aubenlels 1953). Trccs
rdth only juveniJe loliage may be up to 26 vrs old
and olrr I rn tall (l\{i1lcr et oL 1990.}. Tr,".o jur.eniles
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and 2 adults lrcrc mcasurcd in l9B7 and 4
juveniles and 4 aclulLs in l9l l{ ] .  Jur.cni lcs had
l00Vo juvcni lc f tr l iage and wele 30 to 60 cm tal l j
thc cstimated height of adults was 4 1() 4.i5 m.
Juveniles large enough to srqrpolt diurnal sarnpling
*ere located first and adults grolving near bv rvere
selected. based on proximitv ancl the requiremcnt
that the south sidc ofthc trcc be in lirll sun through
the clar. Branchlets osed hrr physiologic,al meas-
uremcnts n'crc on thc south side of the t lee, l0
cm to 1.5 nr above the ground surface.

Diurnal measurements of phvsiological
processes r{ere rnade on 8 and J0 August l9B7
and on 2 and 3 August 1988. This paper wil l  fo-
cus on L 0 ALrgust I 9ll7 rvhcn cach trce $'as meas
ured 36 t imes during the day t ' i th condit ions o{
high soil moisturc antl high vapor pressure deficits
(H) and on 2 August 19BB $,hen each tree was
mea-sured l5 times with t:ondiLions o ow soil rnois-
ture and lo$ vapor pressure defic ' i ts (L).

Carlion dioxide a-ssimilation and rclativc humid
itv t'ere measured using an Analvtir:al Develop-
ment Corporat;on LCA-2 portablc infrared gas
analyzer svstem and a PLC(C) Parkinson lcaf
charnl ier with a volu mc of I  37 cm'. T,caf conduc-
tancc, transpiration. intercellular c:rbon dioxide
coDcentrnt ions. and 1laler vapor pressure drf ici ls
inside the cuvette werc calculatcd. Photon lhx den-
sity (400 700 nrn) was measured wirh a LiCor I90
SB quantum scnsor; lcaf and air temperatures were
measured ith line gauge coppcr/constantan thcr'-
mocouples and a Campbcll  Scicnti l ic CR l0 data
logger. Vapor pressure deficits in the cuvette were
calculated using leaf Lemperaturcs mcasurccl in the
crrv(jtte. Xylcm wiltcr potcntials lrere measured
t ' i th a PIIS Instrumenls pressurc chambcr. Data
n'crc rcduccd using a BASIC program (N{iller
t99O) based on ecuatir)ns from Wcxlcr (1976.
1977). Nobel (1983). Campbell  (1986), and Ball
(I987). Soil rnoisture was mea-sured gravimetric:rJJv
drrl ing each measurement period (Hil lcl  1971).

Sirni lar amounts of lcr l iagc t issue wcrc uscd for
gas crchnn€ie measurements in both years; dry
mass ofjLrveni le lol iage was 0.3458 g in 198? and
0.3326 g in 19BB; dry mass ol adul l  lol iage tus
0 .5115  g  i n  1987  and  0 .5052  g  i n  l 9BB .  The
tissuc r\.as produced durinpl the period of lapid
branchlet elongation from May through r:ar'ly Au-
g . r . l  fV i l l e r  p t  e l .  l , ) ' t 2 \ .  T l r ,  - . rm ,  t i s - , r , .  \ ' r -
mcasured repeatedly throughout the day. Carbon
dioxide assimilat ion. leaf conductancc, and tran-
spiration data $,ere presenle.l on a drv rnass basis



because measurernenls of dI '  nlass were consid-
crcd morc ;:rccurate than leaf area measuremc'nls
(\'liller er al. In prep). Dailv totals of carbon diox-
ide assirnilaLion pel gram offoliugc l'ere calculated
b1 intcgrating under mea-rured diurnal cLrrves.

Significance of differences between a singlc ob-
ser\ at ion and a samplc rncan \\ ,as determined us-
ing a speci:r l  case of the Sludenl 's Ftcsl (Sokal and
Rohli  I98l)- I) iurnal rcsponsc curves oi phvsio-
logical pr-occsses behreen years r,iere compared Lrs-
inf l  t i lo tai led Mann-Whitnev tcsts (Zar 1984.
Pot| in er nl.  1990). For cach l lann-Whitnev test.
lhc data on one process. i .e..  carbon dioxiclc as-
similat ion lrrr juvcni lc. l .  occidental is in l9B7 and
in 1988. lere lankedl a srparale tcst wns used
lo (omparc thc srmc plocess ibl large-adults in
1987 and in 1988. -ctat ist ical signif icancc lcvcls
r!'ere sel at P < 0.05. but probabilities levels
gfeatef than 0.05 arc rcported because biologi.al
signi l icance and stal isl ical signif icancc:rrc not al-
r |  a !S  SvnOnVmOLlS.

Results

I)Lrr ing thc ftrur rnonth period prior to the Augusl
mclsulements. precipitation at Reclrnond. OR. lr.as
146 mrn in I9{t7 and 63 rnnr in l9B8: the aver
age prccipitat ion lbl Apri l  through Julv is 6i3 mrn
at Redmond (NOAA 1982). Cravimetric soi l  la,
tcr contcnt r,".as higher on 10 Aug I37 t lran 2 Aug
BB (P < O.t0). Sralcr contcnts at 0 5. l0 15.
25 -30 .  r nd  , 15 -50  cm dep ths  ue re  1 .53 .  9 .2 .
l  l . I .  and  7 .5% on  l 0  Aug  87  and  0 .8 ,  4 .2 .  5 .4 .
:rnd 6.Ioi on 2 Arrg 88.

Diurnal cunes oI photosynthctic photon 1lur
dcnsity (pmol photons m-2 s-'. PfD) on l0 Aug
87 ancl 2 Aug BB were similar. but davtime air
temperature-r ancl water vapor- prcsstrrc delicits
*ere signif icantlv highcr during the 1O Aug t i7
mcasurcmcnt pcriod (P (0.(X)ii and 0.05. respcc-
tivel,v) (Iig. LA). Leaf tempcralurcs fcrrjuvenile trnd
adult J. ott:itlerttalis in the cuvette Nere also sig-
ni l icantl l  higher on l0 Aug 87 than 2 Aug BB (P
( 0.03, and { 0.05. resper:t ively). DLrring thc 10
dupl B7 measur-errrcnls, maximum leaf ten4rera-
lurcs wcrc >35 o(l  and \r 'ater valnr pressurc
dci ici ts in the cureLte r lere )2tr kPa fronr l l30
to 16(X) hr.;  lhi le on 2 Aug 88 nrarirnum leal tem

l)eratures lr .clc < 33 oC. through the dav and !, ,a-
ter vapor pressl lre defici ts in lhc cuvcttc rrere ) i l
k l 'a onlv from 1430 to l5i ' i0 hr (dara nor sho$ n).
' l 'he 

lel lers H and T, l i l l  bc used to remind the

reader lhal soi l  moisture ancl r,ap,, '  p' , :ssure
dcfici ts rrere high on t0 Aug 87 and lot 'on 2 Aug
8u.

'lhc 
highest r:rtes of carbon dioxirlc assimiltr,

t ion. 17.2 nmol g-t s 1. r 'cre measured ibr jure-
.lilc J. occitlenta,lis on I0 Aug {37 (II). I}iurnal
r:un'es of assintilation {trr juveniles $,as signiiicarrtlv
highcr on l0 Aug 87 (H) than 2 Aug 88 (L) (P

<0.02) (Fig. I  R), and dai ly total carbon dioxidc
assimilat ion r, ;as 7Ir lo higher on I0 Aug 87 (H)
than on 2 -{.ug BB (1,).  425 4mol g1 d I versus
248 pmol g-r d r.

The highest carbon cl ior idc msimilat ion 1or
adults. 10.5 nmol g-r s-r rvas also measured on
l0 Aug 87 (H). but the highest ratc f trr 2 Aug BB
(L) nas onl_v sl ightly lower. l0. l  rrrnol g 1 sr.
Statistical tcsts clirl not indicate:r signilicanL rlillcr-
ence in diurnal cur!es of assimilat ion in adults on
l0 Aug 87 (H) and 2 Aug 88 (L) becausc ratcs
during the morning *crc similu ( l ig. - tB). I Iow-
ever. during the alternoon of 10 Aug 87 (H) car-
bon dioxide assimilation rcmaincd at lelels similar
to those measured cluring the morning: on 2 Aug
BB {T,.) assimilat ion decl ined steadi lv aftcr 1200
h. Therefore. total dai ly carbon dioxide assini la-
t ion lbr adults was 25olo greater on l0 ALrg 87 (H)
than on 2 Aug BB (L). 356 pmol g-r d-1 vcrsus
28,1, prnol g-1 d 1.

Diurnal curves ol intercel lular carbon cl ior ide
cnncrentrations (c) ior jur.enile and adrrlt,/. orridcn-
tal ir  were signif icantlv lor, 'cr on l0 Aug 87 (I I)

than 2 AugBB (L) (P <0.002 and 0.00I. respec,
t ivel1). In both ycars, the lowe-sL c'  rere rneasurcd
Ibr adults. 282 pnol on 10 Aug 87 (H) nnd i l0l t
pmol on 2 t\ug Bt] (L) (Fig. I  c).

Patterns of the r-esponse of carbon dioxide as-
similation to the diurnal coursc of photosvnthetic
photon flux densitv. ,100-700 nm (PfD) for jur.e
rile J. oct:itlentalis (l'ig. 2A) were more dissirrrilar
on 10 Aug t i7 (H) and 2 Aug 88 (L) than were
thc pattcrns {or adults during Lhe trvo measulcmcnt
periods (Fig. 2B). The high juveni le assimilarion
rates measured on l0 Aug 87 (H) t 'ere not pres-
ent with similar levcls of PFll  on 2 Aug Bfl  (L).
Adult calbon dioxidr assimilat ion lras sirni lar in
thc rnorning in both vears. brrt  no aftcrnoon hvs
rF f . - i .  , x1  , ; r ,  , 1  , , n  |  0  { u8  B7  rH  r :  r h - r . i , r ' ' .  i h ,
response ofassirnilalion to PID for aclult J. occiden-
tali r,as similar in the morning :rn.l aftcrnoon dur'-
i ng  l 0  A r rg  87  (H ) .

Carbon dioride assimilation ftrr jurcnilc "/.
ttccitlennlis rras BOYo of ma-rirnurr rvilh lcaf
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tempcratures of 23-:J1.5 c(i  on l0 Aug 87 (H)
(Fig. 2C) and t ' i th lernpcrarures of 2lJ-27 oC on
2 ALrg BB (L) ( l ' ig. 2D). ! 'or adults. assimilat ion
las 8006 of m:uiimum over a bloader ranlie ol lcaf
temperature-q. 22-39 oC on 10 Aug 87 (H) and
15-29 o(l  on 2 Aug 88 (L. i .

The diuhll(ourie (+lol carbrn dionde assirnitat n inmol s 
' s ') us ! fun.i,, of (A u,t Blph.t,n flux densnr (400 700

nnr Prr. /inol D . s ,) anit (C !.il D) leaf r.mperatL,r. (.C) ofj,,!cnile J o.r r.t Dral;r on {ug t0-s7 (A) a*l ^ug 2_ss
(A) aDd 1,r  aduks, , , ,  Aug t0-8? (a l t  a i . t  , \us 2-BB (a) .
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l\laximum lcai condrrctances (stornatal phrs cLr-
t icle and borrnclarv lavcr) ibr. jur.cni les wcre 222
ancJ  253  pmo l  g '  s - '  on  10  Aug  lO  (H )  and  2
Aug BB (L). respectir .elv; rnaximurn conduclances
for adults tere 1.15 and 15T pmol g t  s-1 for the
t\!o AugusL measurements (Fig. 1D). DiLrrnal lca{
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conductancc cur\.cs ibr juveni le and ior adrr l t , / .
o..i.lenlali! \,\ ere similar during the tto rcars; hon-
erer'. jurcnilc diulnal transpiration rras signilicnntlv
highcl on 10 Aug 87 (H) than on 2 ,{ug 88 (L)
(I '  <0.02) (Fig. 1E) as the lcsrr l t  of cl i f l 'crcnccs
i r r  r r l ' , , r ' p r ,  - - ' r r ,  , l ,  f i ,  i t  rF i ; .  |  \ r .  l r . r n .p i r . r t i o r r
for adults las also higher on l0 Aug 87 (I I i  than
2 Aug BB (L) (] '  <0.f6) (! ig. lE). ' lotal dai lv tran-
spirat ion \ras i35olr higher lor julcni lc / .  occiden
arl ir  on l0 Aug 87 (H) than 2 Aug BB {L). 252
rnmol g 'd 'ver-.us 187 mrnol g- '  d-t.  and i32o6
h ighe r  f o r  adu lLs .  162  rnmo l  g ' d  1  vc r sus  122
r n r n o l  g ' d ' .

Thc diurnal pattcrn of leaf conductance plot-
ted against $ater \apor prcssLrrc dcfici ls for iu\.c-
ni lc ancl adult. l  occi( lental is on 10 dug 87 (H)

indicated a pattern ofstorratal closLrre and rcopcn-
ing rJurirrg approrimatelv 20 minute cvcles l iom
I 100 ro 1630 hr ([ ' ig. 34 and 3B), $hen \ ' \arer
,;apor pressure clef ici ts rere ) 3.5 kPa. On 2 Aug
BB (L). lcaf condlrctance declinecl more rapiclll-
orer a narrower rangc ol $alcr vapol pr 'esslrr.e
clciicits and the pattern of cvclical stomatalr:losrrre
\, 'as less pronounce{l than on l0 Aug B7 (H) (Fig.

3A  and  3 t l ) .

Xvlern water potcntials frrr juvcni lc ancl adult
J .  , " ,  i d '  r t r u l t ,  r r . r e  - i gn i l i cen th  l e - -  nega t i r e
th roughou t  t he  day  on  l 0  Aug  87  ( I I )  t han  2  Aug
88 (L) (I '  <0.00I and 0.003. re-rpectivelr).  Ple-
clarn arrd micl-tlav x,vlcm $ltcr potcntials were
-0.5 and -2.2 XlPr and 0.4:rnd I.95 NTPa,
respecl i \eh. for jureni le and adult-/ .  ot:cidental is
on l0 Aug 87 (H). On 2 Aug 88 (1,) pre-cta$n and
micl-clay potcntials were -2.4 and -,X.1 X' lPa ior
jLrr 'eni le anrl  2.0 and -3.3 for adult trees.

On 10 ALrg , 7 ( l I) .  thc diurnal rcsponse o{ lea{
condudance to \{hole plant \rater status, as meas-
ured bv xvlor watcr potortials. indicatecl repeated
stornatal closure and leopenin€i rl'ithrn a nar-rorr
range ol xylen \\ ,atef poLent;als. 1.6 t, t  2.2
MPa  i r r r  j uvcn i l c  (F ig .  3C)  and  -1 .1  t o  -1 .95

Ml'a lbr :rdult J. o.:cidcnkrlis (Fig. 3D). The rangt:
of condutlrncc lalucs on 2 Aug BB (L) r 'as simi
lar to the fange rneasure.l  on l0 Aug BB (H) f trr
both jLrlcni lc and adult/ .  occidental is. but osci l la
t ions $ere not observed on 2 Aug t i l l  (L).

Juvcnilc tatcr-usc eificienc_-v (carbon dioxide
assimilation/ tran-qpilation. tF(,rt) was significantiv
higher on 10 Aug 87 (H) than on 2 Aug 88 (L)
(P < O.0Ol) (Fig. 1F). On 10 Aug 87 (TI) adult
IIrLZ had a bimodal pattem l,ith peaks in the

132 N'liller. Edclleman. and \,lille,

mofning and aftclnoon: on 2 Aug [t [ t  (L) adult
l /L? decl ined steadi ly LhloLrghout thc dav ( l ig.
lF), buL Lhe dirrrnal currcs rvcre not signif icantlv
dif ferent ( lJ < 0.2.1).

Discussion

Ph1-siological proccsscs lbr juvenile "/. ot:r:ilentoLis
i r r  e r . t e r r r  O rego r r  * - r e  m , r r ,  r , - p , ' n - i \ e  l u  en \  i r on
rnental conditions than r,".ere similar processes frrr
adult t lees. ( larbon dioxide assimilat ion for
juveniles varied 71olo morc nith the measured
lange of PDf ancl 74[0/o more t'ith the measured
runge oi leal temperalures lhan did assirnilation
lor aclults. Lcafconductance lbrjuveniles lias 399/o
and 260lo more rariablc with thc mcasured range
of rapol prcssurc delicits and xvlem pressurr
potentials than !!as condLrclance firr adults.

The lack ol 'hvstcrcsis in the response ol adult
J. ot:cid,entaLis assimilation to Pll) on t0 ALrg 87
(H) indicated that. r ,r iLh adcquatc soi l  moisture.
high ratcs of adult carhon dioide assimilation rvcrt:
mainlained throughoul thc day. dccl ining only
when light ler.els l,ere below 300 prnol m I s '.

The similari t l -  oldiurnal cuncs of conductance
on l0 Aug 87 (H) and 2 Aug BB (L) in both jule-
nile arrd adult "/. ot:t:ilentaLis indicaLed a similar
degfee of stomatal opcning on both days despite
differences in soil water and rapor pressurc dcficits
during the nvo Augrst pcriods. l)ailv transpirational
loss of t'ater appeared to be contr-ollcd morc by
environmental condit ions of soi l  moisture avai la-
bilit,v and vapor pressure delicit than bv the phls-
iolopfcal mechanism of stomalel opcning and
closrng.

The cyclical response of jLLvr:n ih -/. ot:ciden t ali^s
concluctance on 10 Aug 87 (H) when VPD uas
) 4 kPa nav indicate a feccl fonard rcsponse of
slomata (Conan 197?, l 'arquhar 1978) to high va-
pol prcssure delicits or m:rv be causecl bv an ovcr-
shoot in leaf weter (.ontenl or bv CO, feeclback
loops controlling stomatal ape ure (Weyers and
!leidner I990). However, cvclcs of stornatal clo
surc on l0 Aug 87 (H) tere not suff icient lo re-
. luce carbon dioridc assimilat jon or transpirat ion
ofjur.cnile "/. occidenxLlis. lntegrating uncler the l0
AuS 87 (H) diurnal curres *i th and I i thout thc
re.ludions fesulling from slonatal closure indicated
onl,v a 5Yo rcduction in dailv assimilation ancl a
30lo reductior in transpirat ion duc to stomatal clo-
sulc. l 'hc cvcle pattern ol juveni le sLomatal clo-
sure $'as noL el idcnl on 2 Aug BB (L) even though
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the average soil moisture at 0-50 crn depth was
4.10/o lr-,*er and pre-dawn rvlern pressLrre potcn-
tials wcre almost 5r rnorc ncgatilc than on J 0 Aug
87  (H ) .

Stomata oftclultJ. occidcrlralr dicl not appear
to har'e the same feed foru'ard r-esponse lo Iapor
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pressure deficits as rlas rneasurcd in juvcnilcs. Lo-
caLion oI adult ]eaf sl{)mata on thc adaxial surfacc.
not exposed 1rl  air movemenl. ancl on the abaxial
slrrface. covered bv the adjacent scale leaf (1![ i11er
ancl Shultz I9B7). nav reduce the serrsit ivi t ,v o{
thc rcsponsc of adult icaf conductance to high r.a-
por prcssurc deficits.
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Figure 3. The dnrrnat course (+) of leal c.ndu.rar.e (pnol g ' s 'l rlith (A ard B1 rrpor prssun d,fi(iir lhPa) rnil (C aftl Dl
xrlen rater potential (\tl'a) ofjuleriles J. ot:tLentrtis or Aus l0-Bi ( ) ard Aus 2-BB (A) und ol u,lulrs on rtug
l0 8;  (a)  and , {ug 2 8u (O).
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An addit ional lr igger for stomaLal closure mav
be genelated bv :r regulatory coupling of thc ratc
" I I " l i r r  r . r t . r l , ^ .  r . i t l r  t h r  m , , i - t r r t  en \ i r . nmcn l
of loots (Batcs and Hall  l9Bl, Collan et cl .  1985).
Dif lerences in the lesponse ofleafconductancc lr)
high vapor pressufe defici ts in juveni ie ard adult

J. ot:r:itLentalis on 10 Aug 87 (H) mav bc relatecl
to thc larger-r 'olume o[ soi l  ar,ai lable for $,ater e\
traction b! the e\tensire root svstem of aclult -/. oc-
cidentolir. Siater supplv fronr adLrlL roots may have
kept up l i th evnporatirc dcmancl on l0 Aug { j7
(H). r'hile signais lrom the smaller juvenilc root
svstcm lr iggcrcd cvcl ical stomaLal closure to more
closelv balance supply and demand. Thcrcfcrrc, the
cvclical pattcrns of stomatal closLrre and resulting
llucLlaLions in cerbon cliolide E-ssimilation and con-
ductance $clc lcss pronounced in adults than
jur,eni les on t0,A.ug 87 (H). Reich and Hincklei '
( 1989) corrclrrded that leaf concluctance oi Q&.ercra
maikndica and \)ueruu rubru ras controlled bv
root or soil r{atef potential and speculatcd that
dillerences in thcir {inc r-ools svslems or ca!rlahon
affcctccl plant hvdraul i t '  condulamce t 'hen soi ls
trere drv.-,

Although stomata of juveni le J. occid,ental is
lere morc rcsponsir.c lhan a{lul l  slomata to !apor

l)ressure defici ts and xvlem watcr potcnl ials.

iur.cni lcs cl icl  n()t  restr icl  transl) irat ion $,hen vapor

Jrressure deficits were high. Assimilation ratcs of
juveni les vcrc not high cnough t{) comlensaLe for
their high transpilation; adult,/. occidentolis vith
lcss rr- 'sponsive slomlrla and lo$er rates ol assitni-
lat ion hrd higher l lLE on l0 Aug {:}7 (TI1 than did
jLrreni le-..

I t  h* been suggested thrt carbon cl ioxide as-
similat ion and leaf condLrcLance . lo not respond in

l)arallel to temperature (Morison l9B7).In Agnpl
/:)n desetlonnt- ct\\tluctance did not change greatly
rr i th leaf tempcratur-c. so changes in assirni lal ion
rates i!'ere lttibuted to direct cffccts of tcmpera-
turc (Nonak eL aI. 79'3AJ. On l0 Aug 87 (H). thc
correlation bet$'een assimilation rncl lcaf tcmpcr-
atulc $ils stongcr foljrrvenile ancl aduJt"/. occiden
tal ir  (r '? :  O.5B and 0.? 1, respectir .cly) thun was
thc corrclat ion bctt |een leafq)nductance and Leal
lemperature (f  = 0.02 and 0.005, rcspccti l 'elv).
Ikr, 'ever on 2 r\ug BB (L), the p.rLLerrr was
rcvcrscd; the (t)rfelat ion between carbon dioxide
assimilat ion and leaf ternperaturc forjuvcni lc and

adults was lor '(r '  = 0.0005 ancl 0.004. respec-
t ively), and the correlal ion hetrveen leaf conduc-
tance and lea{ tcmpcratulc was highcr (r ' ]  :  0.6(r
and 0.36, respectivelv). !or-/. occideartolir thc cf-
fects of lemperature on assimilation and leaf con-
dudanct appears to be inl luenced bv soi l  moislure
availability. but high leaf temperatures ol up to
39"C did not appear to have a d;rect elfect on as-
s im i l a t i on .

Processcs of carbon dioxir lc assinri lat ion and
leaf conductance do not appcar to bc stlonglr cou-
plerJ in jr.rvenile ancl adult,/. occidentalis at the re-
sealch sitc in castcr-n Orrgon; thel responded
inclependentl l  to va at ions in air tempelatule. va'
por pressure del ici ts. und soi l  moisturc. Thc posi-
tir.c cffcct of high soil $aLer in August \tas a more
important li:rctor inlluencinfi carbon diox;dc assimi-
lation in "/. ot:r:itlentaLis than t'ere the negativc cl:
fccts ofvapor pressure detcits > 1l.(Pa on stomat:rl
closure and leaf conductancc.

Conclusions

Jrrrcnile and acl'l]t J. oct:identalis in eastern Ore-
gon arc ablc to tolcratc a $ide range of leaf tem-
peratures and vrpol pressurc dcficits. Pcriods of
above a,tefage Lernperatures and rapor pressure
defici ts. i f  associatcd $ith adequaLe soi l  moist lr fe,
should not adversely allect their phvsiological
processes. Establishcd tldull trees are norc
buffcrcd against ,'ariations ol soil moisture than are
jur.eniles.'lhe rcsponsir.cncss oIjuvrnile"/. or'cr]/ea-
tolis Lo soil moisture is advantageous undcr fa\.ola-
blc conditions. IIowe,'er. the depression oi jur.enile

assimilat ion and thc rclal;vc inabi l i tr  of Lheir sto-
mala lo resLfict water loss when soil $'aler resources
are l imited may reducc thcir cstabl ishmenl. com-
peti t ive abi l i tr- .  and the spread ol J. or:ci t lental is
in eastern Oregon during pcliocls of rccluccrJ
plccipitat ion.
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