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Wate1· related charactcristics 

of sorne evergreen sclerophyll slll"ubs in central Chile 

D en nis K . POOL E and Philip C. M J LLER * 

ABSTRACT 

D iurnal pattcrns of xylcm water potcntial, thc rclation5 of leaf, osmotic, ancl t urgor po1entia ls 
to leaf rclative water comcnt, ancl thc rcla 1ions of lcaf water vapor conduclancc to leaf re lativc 
water content were measured on four cvcrgrccn shrub specics in cent ra l Chile and corrcla tcd "i1h 
othcr plant activitics. Dcpending on the specics, maximum conductanccs were O. 13-0.33 cm .s - 1 ; 

mínimum coudnctances occurrcd with rcla tive water conients of 75-85% and lcaf wa1e1 potcntials 
of - 35 to - 40 bars; osmotie poten1ials at ful! turgidi1y wcrc - 25 to - 33 bar s. TurgN was mini
mal with rebr ive wa ter conten ts o f about 85%. Leaf conduetanecs at given lcaf wa ter con1ents 
changecl during the year, but thc osmotic potentials at simila r leaf water contents did 1101 ch:ingc 
mcasurably. T hc water relations o f the C hilcan shrubs \\Crc similar to thosc prcviou,ly found for 
C1lifornian shrubs. Shallow-rootcd , evcrgrecn shrubs compcnsa1c for rapid cvaporational losscs 0 f 
water from the soil by having rclatively high conduc1anccs \1hcn water is available and cnduring lo1v 
lcaf water potentials whcn water is unavailable. Thucforc, phorosynthesis and growth rates oí 
shallow-rootcd shrubs vary more widcly through thc scason than do rates o f dcep-rootcd shrubs. 

RÉSUMÉ 

L'évolutio n diurnc du polcnticl hydriquc du X) leme, les re la tions entre le potcnricl de la f,:,Jilk, 
le potcntiel o smotique, le potenliel de turgescence c1 l:i turgcsc.·ncc rclati\·e, ain~i que les ~cl:Jt il,n~ 
entre la conductanc-c de la feu ille pour l:i vapcur c1·cau et la turgc,ccnce relalÍ\'C ont é:i: 111<•,:t1ri:cs 
sur q uatrc cspccl'S buisso1m:mtcs et corr.:kes il d·:rntrcs ::ic1ivi1.:s de la plante. Sclon r cs~-x·,-e les 
co11dL1ctances m::i:.im:ilcs se s0nt s i1ui:cs ene re 0.1 3-0.D cm . s- ' ; k s c0nductan.xs 111i11im:iks l'lll 
corrcspondu il des tur¡;csccnccs relatives de 75-S5 ~;et¿¡ des po1c111icls hydriqucs dl' b fcu ille etc - J5 
a - 40 bars ; les po ti.'nlids osmotiqL1cs il la pleinc tur~escen,-.: 0111 i:1.: de - 25 :"i - 33 >ars. 

L1 turgl'S<.'l'ncc étail minimak pour une tur~e,,:cnc,: rdati\ c d'cn\'Ír<m S5 ~ •· l.<·, l·,,n,lu,·1.11i.·,·, 
des feuil!..:s corrl·sponJant a une tcncm c11 c:rn J ~1crmini:l' ,,nt \ ::Jrii: J :ins k ú't1r:m1 ,k 1'.1nn-·l·. 
tandi~ que les pot<'ntil·ls c><motiquc, corrcspond:m1 il l!l!l' 1cncur ,·n cau J 0n11.:e n \•111 r,1, f.1i1 r,,l>J<'I 
de variatio ns mesur:ibks. Ll' n\:imc h~ J riqlll' dl'S !:,ui;;c:>11, d u C hili l' ·1 ,,·mbl.ll•k j <'l'l" qui ,•nt 
été mis l' II .:•vi,knce pr.:•,"\'.·d,·111111l·n1 d ie, k s h :i,,,,n, <k C-:ih f,, ; nic. 

Les buiss01lS se111p,•ryirc 111 , a l"nra, incmcm >\!! ·1 ci,il"I ,,,n1r,:n,,·1u ks p,:11c, r.lpi,k~ <k 1 ·l·.w 
Ju sol ducs i1 J'cva1'<>ra1il'll par rc,istcm-..· de n,n,!a,1.1 11,-e, rl·l.1t iH·mcn1 i:k,,' ,·, ,·1 p.1r 1.- 1.1i1 qu ·l"lk, 
supp,,rh:111 ,ks p,Hc111i<:ls h~ driquc, b,1, 101 ,que 1 \ •.111 11 ·<•<1 p :1 , d i,p,, nil•k•. 

l'our l -C-ltc rai,lH\. la ph0tt''} 1uhi:~c,.• et b t'n,1,,1n .. "\.· J.:· bui,,on, :1 ~nr:h:inc..·rnr:nt ~ur,·1 li .... i,·t 
s ubiS.!\.l"l\l dvs v.tri:ttit"nS sai,l"lltti~r~s ?~iu, in11','rt.1nh.~, "- lll~ "'~ n \.' · 1 h.' '--:h ch"''' h.·, t,ui''"-"ll' :\ l'llr., .. 
l' illl'llll"l\l p r,,r,,nd. 
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INTRODUCT ION 

Arca, of thc world with mediterrancar~-typc climatcs ha, ·c bccn i1i1c11, ivcly 
stud ied for cvcra l years to compare the structure ar,d func t ion of thc vcgcta ti011 
a1;d fa t11,a (SP1:C1 1T 1969. DI CASTRt a1;d MooNEY 19 73, En: ARDT <'I ni. 1977, 

Moo:--iEY 1977. T 11R0\\'ER and B RADDURY 1977). Sincc thc dcfin ing charac tcri~tics 
of th mcditcr rar;can-typc clima tc are cool, wct wir, tcrs a1,d hot, d ry :-ummcrs. usua lly 
with limitir,g :lr.nual prccipitat io1;. plants growiPg in thc~c arca, ca1, be C\pc.-c tcd 
to h:l\'c bo th morphological a 1,d ph) s iological adart atio:--<. to ,1:1 tcr stn:-.~ ( I IA1< 1uso¡-.; 
el ni. 197 1. Ne; 197-L l'oou- a1 el r-- 111 1 rn 1975. M11 1 rn 1978, M1u.1-R el ni. 1977, 

G1 u nrn·10 ancl ESTAY 1978. Ne a r,d M1u.1,tt 1978). llowcH'r. in spitc o f many 
studies co1;cen;cd with thc wate r b:1 lancc of thc vcgctatio1, ami so il ( 13.\urn 1936, 

M tLLER 1947. SP1.c 1n 1957 a. h. P1u SBURY e1 al. 1963. S11i\C110 1u and M1c 11AEI.I 1965, 

Stti\CllORt el ni. 1967, SPrnrr :11 ;d JoN~<; 1971, SPr:C llT 1972). r l:in i water rela t ions 
havc becn liu tc studied. 

P rcvio us stuclics in mcditerra rccan rcgio:-;s showcd specics and geogr:1phic 
diffe re :-:ces in pla1, t water stré'sS bo th diurna lly acd throt1gh the ycar (Gtt11 n 1973, 

SYVERl SEN 1974, Poou and MILLCR 1975, K RAUSE a1;d K u~1 ~1 rn.ow 1977, G 1u n1:R1 0 
a11d ESTAY 1978) . Thcse studi~s _demonstrated d ist ircl sr cc ie:; segregat ion in the 
dcgrcc of wa ter stress cxpcri.-:r,cccl by shrubs ir, C:ilifor:. ia a r,d Chile. For thc majo r 
hru b specics in thc meditcrrancan rcgio n of C:iliforr.ia, POOi.E and M ILLER ( 1975) 

four,d the magr,i tudes o r pla nt \\'atc r st ress a ~.d lcaf co:1ductances to be gcncrally 
co rrela tecl with spe-::ie roo tir,g habit. :is dcscribcd by H 1.:1.1.~1rns el ni. ( 1955) . T hc 
corrclat ions imply morphological and physio logica l displaccments which serve to 
mi nirn izc intcrspccific compctit ion among thc cvergrecn, sckrophyllous shrubs. 
Thc o bjecti ve ofthi st udy \,as to mensure sorne specific aspccts o f the wa ter rcla tions 
of fo ur prcdom iran t cvergrccn. sclr rophyllous shrub specie in the mcditcrra nean 
region o í Chile and 10 relate thcse spccific aspccts to o the, species cha rac tcrist i;:s 
in ordcr to clarify thc aclaptivc ~l ra tcgies fo r limitcd water rcsourccs in mcd itcrra nca n 

rcgions. 

M ETH O DS 

Shrub~ ,,ere mca~ur<'d at l"unJo Santa Laura, 70 km NW of Santiago. Chik . 
l'vhx,,1 Y (1 977) gi,..c, a general ck-niption of the re,earch site. M11 t t ll t'/ a l . ( 1977) úc~cribc 
thc general 111icrncli111atc or thc nn, 1h :rntl sou1h-faci11g slopc~ ami ridgctop at 1hc si1c. 
Thl" four srccii.:\ qudi..:d \\Crc ( 1·_,¡,1,1mrya a l /la (MOi..) LPnSt R (Laurac·c.1\'). Quil/ojn 
.1a¡m11w·ia 1\101.. (Rt1-,1c·c·.1t'J. / 11'·,,it"u Cf/11\/irn (1\101 .) 11. t r 1\R N. (/\11acard i.1cc·ac), 
anti Colliguaya oclori/<'m IOL. (11•1 •ho1 bi,1ccal'), which are co11u1wn c,~r~1c..: 11. ~ckrophyl
luu~ shrub~ in 1hc ar..:a (1:1bk). 1 h..: ,hrub~ arc th::,c1 ih,·d mor..: tlh)i'l'Ut:h ly in K u~1,, 11 1tow 
and l 1~11111 < K (1977¡. N<'m,·ncl 11urc· fo ll,l\\\ 1'.ll ;~c>/ ( 19.59). ·1 h, ,i1c wa, chn,cn h,Tau~<.: 
of it, clim.11ic ami v..:¡;cla tt,ltl d ,i11,i l,11 it~ to l an i111c11,iH·h , 111d1cd ,¡¡~ in 1hv 11wdt1c·1-rancan 
rcgion of ( alil,,111ia (~1,,,, • y 1'!77, T1m11\\l tl a11d llt< \l rn1·1:Y 1977). In d11cutllc111 thc 
cli111.11ic ,i111ih1i t}, 11...: 1111,1,,,li lll.••c ,,.,\\ 1111.::i,u1cd !"1\1111 i\p1il 197:! 1li11,1i¡:h /\p1il l'J77 
11,i11;_! a pyrhcliograph, a h~rro1hc1mog1.1ph in a standard \\c'.alhc·1 ~nn·n, anda rain ¡;auge. 
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D iu rna ! courscs of xykm polcnt ials wcre rnea.sured 011 stem, fro:~: :---:o\cmhc:r 1974 
through February 1975 o n :1 south -facing (polc-facing) slopc a nd on :; r::;; .:wp. 1'01<.:nt ia l~ 
werc mea,u rcd w ith a prcssurc chambcr ( W ARl t-:G and CLEA RY l 'J' iiJ d !1 t hree s1e111, of 
cach plan t cvcry 3 ho urs thr\,ughout thc day, beginning bcfort: ~u nri,,. 

Interna ! lcaf wa ter rcl:ttillllS wc rc mcasurcd in Fcb ruary a nd \l..! r h 1975 and 
Novembcr 1975 on s tcms that wcrc cut fro m thc ~hrub, rccut under -.\ ;, ,s'r. and lcft O\C:rn ig h1 
in a saturated a tm o. pl11.:rc. \\·i1h this trea tmcnt , a li samplc, \,hic h ,•.ere cu t from thc s1e111~ 
and rneasurcd with the pr,·~,u rc c h:unbcr had xylcm poten tia Is ab,"c -- .- bar and \\Cr..: 
assumcd lo be !urgid. To1,d kaf water and o , motic pol,nt ia l, \\ .:re rr,, ,i-ured u, ing 
1/4 ineh (6735 111111) úiam..-i,·r k.1r d i, k. in Wcscor C - 15 thcrmoeourk I''~ ,!1r,rn1ctcrs, "hic h 
wcre read with a ~Vc~eor :\ 1.1 -55 mic rovolunctcr. T hc p<;ychroml:la, "ªe individua lly 
ca libratcd us ing various 1m 11:lr ~l,lutions o f sodium chlor idc as clc,,ribcd by L.\,G[ ( 1967). 
Ali m casurements wcrc corr..-.·t,·d for tcmpera ture us ing correction f:1cwr, frorn \\'11 111 
et al. (197 1). Prcli111ina ry m..:a,ur,·me n ts wc rc maúc wit h rcadings e, ery 30 111in u1cs to ob1:1in 
cquilibra1ion t imes fo r each sp,·,·k s. G e nerally, 4-6 ho urs ,,ere requir.:-d fur cqui libra1ion. 
The rela1ion~ bc1wcen lcaf a11d o ~mot ic potcntials ancl leaf ,\·a1er contcnt \\ ,·re obtaincd by 
removing ka,·es from a turgid s1rn1, \\'c ighing them to ob1ain turgid ,,cights. 1hc n allo" ing 
them to t ranspire undcr a111bic111 conditions. Var iable t rans piring t imes g.l\,' a rangc o f lca f 
water eontcnts. Thc samplcs ,, cre lhcn rcwcighed 10 obtain frcsh ,, cigh t:'. Lcar di, ks \\ ere 
removed to measurc to tal k.1f anú osmo tic pote n tials . O smotic potc111i:1ls ,,ae obtained by 
freczing thc lcaf disk in liquid ni1rogc 11, then placing the di. k in thc s.1111plc ho lde r. Afle r 
the m easurc ments, !caves anú disks wc rc o ve n-dried ancl ,, eighcd ll' ('bt:iin dry weighls . 
Turgor potential was calculat,·d by sublracting thc o smotic potcnti:11 from thc 10ml lca f 
water po tc ntial. Leaf wate r eonlcnts wcrc expresscd a s rda1i,e \\':ttcr contents (RWC) 
wh ich were calculatcd b)' : 

(1) RWC ~ 100 (FW- D \V)/(TW- D W) 

whcre: TW is the leaf turgid wcight, FW is thc lca f fresh weig ht , and D\\' i" thc lcaf dr) 
wcight. 

The rc lat ion bc twee11 lca f contlueta nce and R\VC was mea urcd by ,,cighing !cavcs 
repeatedly as thcy cl r icd unde r light saturntcd conditions w ilh 111o dcr:1tc air 1110\ e mcnt, 
beginning with turgid leavcs. Lcaves ,,·ere ,, c ig h,·d cvcry 5 minutes u11ti l th,- ratc of \\':ttc·r 

loss was conslant , whic h usua lly rcquircd 2-3 hours. The ra tc 0 f ,,a1c·r I<'='" "·'' cquatcd to 
a t ransp irntion ralc. T he lc:l\ cs wcre then o ve n-tlricd to obtain dry \H'ight:-. D uring thc 
wcighing a ir temperawrc ,,:1s mcasurcd wi1h a 1he rmocoupk and ,:1p,,r d,·11"ity \\:!:- m,·.1,ur
cd w i1h a psych rometc r. Lcaf tcmpcralurcs ,,ere mca,u rL'd ,, ith :1 tl wnm,,·, •11pk thrc·:Hkd 
in lo the leaf ;111cl wcre \\ it hin 1 "C o f a ir tcmpc ra turcs . . \ combin.-.1 k•.1r :111 .I .1ir b,,11ml:1r~ 
layer conductance, /,, ,,as calculat.:d a s: 

(2) I, - ll'/ [1 (.\',--.\',.) .-1) 

whcr<· : 11' is th<· k ;1f ,,cight 1<,,, during a tinw p.:rind. , i~ 1hc lci·t!l h ,,r lh,· 1i111,· p,•ri,,d in 
sc'l'.Om.ls, .\'1 is l h<' ~a1ura ti0n \ :tl'Lll' Lk11~i1y al lcaf tc11, p~•1a1u1 .: . . \ ., i, lh.: '=ll'''r dcn,i l) ,,f 
thc air, and A is 1hc !ca r a r,::1. 

In 1975 lhL· lllrt:id k.1, ,·~ \\c'rc taJ..l·n rr,,:11 lhc· dar!.. ª"" \\,·irhll' !=, \\,t, t,q:u11 im1n..·
di:11cly. Tr:lllspi ral i,111 r:1 1.:, ,,c·1,· i11 i1i.lll) km ,-in..:c :-lu111.1k', \\ L't,· ,1,,-,·d 111 1h,• d .11 J..: 1h,·) 
i11crca,..:d a, s1 ,1111a 1,·, 1,p,·,,..-.1 in 1l1c· ligh1 . 1h,·11 Lk.:1 -:.,,,·d a, :-1,1111.11,·, ,¡,,"·d l•,·,.111,,· ,if 
\\ :t l,·1 s lrc". T h,·,<' ,t111,•:,. c ,1 1111.11,· ,,.11,·r L·,,111,·n t :ll 111i11 i1nu111 c.•1hl11..:1.111.-•. l•1 11 1111dc·1,·,-
1imalc 111.1,i nn1m l'<>11,l11L·la 11 ·e·. In 197ó tlll' tu rgid lea,,, \\ ,·1,· 1.11-. ,·11 f1 , •1ll lhc· d .111,. :m,I 
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pl:tccd in thc light in salurntcd air for 20-30 minutes . Thus, stomat..:s could open in lhc 
lir,ht without transpi ring beforc weighing bcgan. Thcse curves csti 111:11c maximum concluc
lance and thc dccr..:nse in conductancc duc to water stress. In 197.1 lc-af conduclancc on 
intact plants was mcasured through thc dny with a poromctcr tkscribcd by K AN l'MASU 

et al. (1 969). Thc highcst of thcsc valucs should undcrcstimatc th,· maximum conduclancc 
sincc somc wat.:r stress was bcing expericnccd. 
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F10. J. - Solar irradiancc (MJ . m - 2 . day- 1
), prccipitation and air t<:rnperaturc from April, 1972, 

through March, 1977. Solar irradia nce is givcn as monlhly mcans, ai r tem pcrature as 
monthly mean m:tximum and mean minimum, and prccipita tion as monthly tota ls. 

R ESULTS 

Cli matic conditio ns in Chile du ring thc 5 years (jig. 1) wcrc s imila r to thosc 
mcasurcd in California (POOLE a nd M tLLER 1975, MlLLt:R et al. l 9T/). At thc Chilca n 
sit:: prccipitation occurs mostly from M ay through Scptcmbcr and avcragcd 
550. IO 111111 .yr- 1 du ring thc 5 yca r~. Solar irradiancc var icd f, om 6. 3 M.1. m - 2 .day- 1 

clurir.g thc wintcr to 26.9 MJ .111 - 2 .day - 1 in thc su111111cr. Air tc111pcratu rc wa s 
more moch:ra tc ar.d le-,-, ,ariablc through thc ycar in C hile 1han in California. Fro m 
Fchruary 1973 to Fcbru ary 1974. 4 11 mm of p1cccpitatio11 \\ere rcccivcd. Air lcmp.:
raturc wcr,· 4- 14°C in \\Í r, lc r and I0-22°C i11 summc r. Solar irrad iar.ce was ahout 
8.0 MJ .m - 2 . clay - 1 in wint..:r and '27. 3 M.l.111 - 2 .day - 1 in ~um mcr. 

Prc-dawn ancl midday xylcm polcn lial~ showcd ~pccic diffcr..:nccs during 1hc 
clrought (fig. 2). 111 Nov,·mbcr 1974 ll \t" pr..:-dawn valu,·, 11f all ~pccic~ \\WL' - -6 
to -9 bar on thc po lc-fa..:ing , lopi.: a nd -5 to -10 b:tr on t ite rid~clop. By Dc,·,·mh,·r. 
thc prc-d<1\ll1 valu1.:, cliffacd. Th,· ,h:rllow root:d Colliguuya :111d Cryptoc·aryt, had 
p<H,·ntial~ oí - 12 to -19 b.1r wh ,lc th.: dct.: p roclkd (J111llt1ja .111d Lithmca h:td 

CEcol,wia l'l,111111rn111 
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highcr potcntial of - 4 to -14 bnr. In early Fcb1uary 1975 thc prc-dawn xyh.:m 
potential · of the shallow-rootcd shrubs wcrc - 16 to - 36 bar and thosc ofthc dccp
rootcd shrubs wcre -8 to - 19 bar. Sorne leavcs of Colliguaya wcrc ycllc w a nd 
bcginning to fati, whilc thosc of lilhraea wc.rc still cxpanding. Shrub~ on thc ridgc top 
had lower potentials than shrubs on thc polc-facing idopc. Colliguaya and Cryp rocarya 
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Fm. 2. - Pre-dawn (O) and rnidday xylcm (e) water potcntials "Of Colliguaya odorifera (C. o.), 
Cryptocarya alba (C. a .), Qui/laja saponaria (Q. s. ) and Lit/zraea caustica (L. c.) on the polc
faciag slope (PFS) and ridge. Each point is thc mean of thrce measuremcnts. Rcadings marked 

· X were below 40 bar. 

developcd thc lowc t water poh:ntia l ; Lithraea had the highesl. By mid-February 
followi11g a rain, xylem p tc11tiab were highcr (-2 to - 16 bar) . As pre-da"'n 
potcn1ial dccreascd. the diffcr(·nce bet\\'cen max imum a11d 111inimu111 pot~· nt i.lls 
dccrca cd in Cryptvcarya. but remai, ed constant wi1h Co/liguaya and Q11il/,;J,1. 
Xyk·m pntcn tials oí lirliraca wcrc alway~ ab1.)\'c - :n bars while tlw$c of th,· oth ·r 
spccics \\ere 30 to le~~ th :111 - -----W bar. Lcaf an l osmoti pútcnti :ds dc-: rc~1 s::- 1 as 
RWC dccrcascd in ali -pt'<.:i-.:s but th ::: rl'iations diílcred (Jig. 3). l 1.•:t f pot1.' 11ti:tb 
dcnc:t scd nwst r:tpidly \\'ith ,kc-rc:1:-. i11 g w:ll •:r Cl1tac11t b1.'l\\'ú'll 100 and S5 °., tk \\' ) 

in Collig1111.rn (- 3.7 b:1r,''\,) ar.d lc·:1·-l rapidl~· in Q11ill1ia ( - -~ .2 b:•r,. " 0 ) . o ~nwti· 
pokntia Is of Cr_rp1,1c 1rya and Coll(~ua.rn \\\.·r,· hd,m - -30 ba r at l urgid i ty; th >se 
of Qui// 1ja and Lirlir11t·11 wa1.• about 25 har . lk1,,1.·c11 IOO :tnd 95 '\ R\\'C 0,nwtic 
potcnti:1ls ·hangl.'ll li11k· in ali s¡wcil' S, alth0ugh lc:1r water pot1.·n1ials l·h.111gcd 
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rapidly givi11g ra¡ id dccrea es in the estirnatcd lurgidity. A linc exprc sing thc 
ch,1ngc in osmotic potential as water content dccreases, a. umi11 ° no chano-c in 
solutes or cc ll coll id , pa.sscd through the data . A clifTcrcncc in thc rclatiun s bctw.:cn 
thc componcnt potential :ind RWC in February and Novc mbcr 1975 could not 
b1: dctccted from thc ± 4 bar variation in thc mcasurem~nts. A changc, if onc 
occure.d, was les th an 3 bar. 
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FJG. 3. - R ·lations oí lc:1 í A ), , moti..: ( O), ami t11 rgor ( ) p ten ti, Is t11 rc·l:i t iv..: watc- r rnnt ..:111 
(R WC). Spccí,;~ ,k~i •11;11in:1, :i rc thc s;1111c as in Figure: 2. 1: ach po int i th..: 111.:n n of 
3-5 mea urcmc11 ·. 

Lc,tf conduela n ·e rd.t1i, n, lil k rul by ~,x cil' ' (/ig. -1). :''da"X imu111 condu L:111n:s 

\\ l'rC 0 . 13-0 . 33 cm .. - t (Ubl:). '1/lig1111_m had thc hi~:h..:~ t c.·011 l11c l :t t1lT :111 d 

/ .i¡/:111,·n, 1 1c l<\\\i.;, I. C'11 · !ul· tan l'' wcn: lm ·cr in h ·bru:11")". af"lcr thc su111111cr 

cf rn11.,h1 . l han 11, ncmk ;. 't111 dw: L,,, ,l·l ~ ir, C11/lig11,1_1'<i \\ ' 1.:: h ig hc: t 011 Llll: up pcr 

~11rfac1: (0 . 17 ami (l.05 d1t .~ I, Lllp anti ho l1 0 111 re pectiwly), tlw e oí (J11il/1ja 



SI lllUH WATl:lt HEL/\TJ() , 'S 295 

about cqual on bo th surfoccs (0 . 13 ancl 0 . 11 cm.s- 1) and th o'>C'> of Cryptocarya 

and LitlmtC'a werc highes l on thc lowcr suríace (0 .007 ami 0 . 12 c.: 111_., - i for 
Cryptocarya ancl 0 .002 and 0 . 12 cm. s- • for Litliraea) . Concluc1:1 11cc, 11 crl'. mi ni111al 
(O . 02-0 . 07 cm. s - ') at leaf water contcnL of 50-93 %- Crn1tocm-_¡11 lwd t lic 

-1 
<I) 

E 
u 

0 .3 e.o. 

0 '-----'--_ __._ __ ¡ ____J 

100 90 80 70 60 
RWC, % 

e.o. 

L.c . 

100 90 80 70 60 

F10. 4. - Relat ion of lea f conductancc lo leaf rclati e water contcnl. Dcsignat ions are thc s:imc 
as in Figure 2. Each point is the mean of 8-10 mea urcments. D:ishcd lines are c;..trarol:i tions. 
A, Ja nu ary, 1973; O, March, 1975 ; o, Novcmbcr, .1975; 6 , Decembcr, 1976. 

highes t water contents at mínimum conductar,ce , Qui/laja th ... lo\\"CS t. The water 
contents and potent ials at which conduc tances were mir,imal wcre simi lar in 
Febr uary 1975, Novcmbcr 1975 and Decembcr 1976. Thc leaf wakr pote ntial 

at which conductancc were minirnal werc lowest in Collig11ayo (- 46 bar) :rnd 

h ighes t in Lithraca (- 35 bar). 

DJSCUSS10 

Although ali spc ·ies studi l sho\\'cd tlw $:trnt' ge neral pattcrn f,1r \\'atcr potcntial 
and lca f co11duc1a 11 ·e as w:•lcr dl.'fki, ~ dc,clopcd. thc nwgni tll l es a r, d ratc, l,r ch :11:,!c 
d iffc rcd by pcc ic-s . Th1:sc dill'crc 1ilT · l'l'ITl'latcd ,,·ith l thc r pl an t chara ·tni,tic·~. 
Collig11a_ra :t ntl Cryptocar_rn. wltich h.:l\'C thc· sh:tllL111 c~t r1 ,11t ,~ ,te 111, t Rt \ 1 IWS 

i:f al. 1976, G11.nt:Rr a1 1d Es r,,Y 197:::), h:td l1.rn ·r 11 ,mútic· p,,11.-r.t iab ar,tl hi,!kr 
k af cunductanccs th;111 l .itlm1,·a :11,d Qui/laja. ,, hich h :1 11.· h 'c'I: r,,und tú h:L ll' b r,.:c· , 
dcc p f ()(1(~ (RI\TRO$ ('/ o!. 197(1. G ILllll lUO anti [Sr\Y 1~ ~). 

\\"e 1w ;.tul: le 1li a t th,· di ff,:rc1. · ·s i1, th · r1,,,•i1. ~ ¡,;1 ttcri.s nr 1hc C1lc,i ~ti n.,; 
spccics rc·1h1c·c 1hc C1 >111 ¡,,·1 iti1111 f,) r w:1t1 r, a11d k- ;1 d to oth · r n rrd :1tcd 1·h:1r:1 ·tcri,ti ·s. 
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Shallull'-rooted rl:rn ts, in order to use water before it is lo,;¡ by soi l evaporatio11, 
have high k af conductances to use soil moisturc rapidly whi k it i5 nvai lable and low 
o, motic r otcntials to absorb water rapidly and to prolong tha' p::-riod d uring which 
s0il moisturc céln be absorbed. These plants endure low water p,, ;cntinls but maint:iin 
rcasonabk tissuc water contcnts. Decp-rootcd rl .ints can r . .1, c lower mnximum 
conducwnccs and higher osmot ic potentials sincc soil moi, t,:~c is lost at a slower 
ratc. Sincc photosynthesis is rclatcd to lcaf conductanccs :~::d growth is rclntcd 
to turgor potential, photosynthesis and growth should var~ more widcly through 
the ycar in more shallow-rootcd plants than in dccp rooted ¡.-b nts. Thc postulatcd 
differcnces in thc seasonality of growth are supportcd in Ch:\- by K UMMEROW and 
F1s1111ECK (1977) who showecl that lcaf initiation in Colligu :_-.-.1 occurs on ly durin g 
thc wct months of the ycar, whik that of Lithraea occurs throughout most of the 
year. The postula tecl di ffe rcnces in photosynthesis are supp0n rd by RoDERTS and 
M11.LER (1977) who showt'd that thc interceotion of sobr irradiance was more 
variable seasona lly in Colliguaya than in lithraca and by O.:-chel (unpubl.) who 
measured maximum nct photosynth<:tic ratcs 5-6 times gre:?:c'r in Col!ig11aya than 
in Lithraca, whi le values fo r Qui/laja and Cryptocarya wcrc intermediate and similar 
to each othcr. 

The water relations ar.el seasonali1y patlcrns of the Chi:e:rn shrubs are similar 
to shrubs in the mcditerranean rcgion of Cal ifo rn ia. The d :urnal courscs of xylem 
potentials of lhe Chilean shrnbs wcre segregated by spccic, $i milarly to Californ ian 
shrnbs mcn.sured by POOLE and MILLER (1975), particul ::>rly when analogous pairs 
of s¡xcits (Kur-n,1rnow and F1s1111ECK 1977) a re compared. Lirl,raea in Ch ile and 
Rlms ovala in California are simila r in appcarance with . bread, hypostomatous 
!caves and decp extcnsive root systems (KUMMEROW and FISHDECK 1977). Both 
species havc relativcly low maximum leaf conductances (0.15 a nd 0.26 cm.s .. 1, 
respectively), high xylem potcntials when lcaf conductances 3re mínima! (- 16 and 
- 25 bar), and comparat ively high xylem polent ials th roughout the summer drought. 
Colliguaya in Chile and Arctostapl,y /os glauca in Ca lifor r.i.1 havc steeply inclined 
amphistomatous !caves abou t I cm in diamclcr, a sh:tllow-r,"c•ting habit (I IELl.t-tERS 
et al. 1955, M11.Lrn a, ,d ·G 1977, K u~IW' RO\\' et al. 1977. HOFFt-lANN et al. 1978). 

Thcsc havc rcla tiw ly high k :i f cond ucla1,ces (0.32 anJ 0 . ~0 cm .s- 1
, respccti vcly), 

and rcach thc lowe'-1 xylcm poknt iab in cach group of e\crgrcrn shrubs. Q11i/!aja 
had modera te xykm potc,, t ial, . as cloc~ Q11trrns agrifnlia ( G::on IN 1973). 

Thc,l' correla tion~ of \\":11c1 relations, gros~ morplw! ,;y. and season:1l ity o f 
phy<,iological al:li, ity imrly ~pccics d ifferc11cc~ for ut i!it i:-:;l wate r as a limiling 
rc!>Ource ancl mi11 i111izi11g i1,1c,, pl'ci fi r compclition. Within ¡;-,• c,crgrccn, sclcrophyl
lou<, !>hrub ronl )y~ll·m~ :irc ,1 ra1ificd In r~duL·c rompctit i,", f11r soil mo islu rc a1HI 
cc,11,1ra i1, 0thcr ph) , Í<•h ,~• i(.11 :ir1ivi1i~•,. Similar adaptat i,':: , h:1vr bccn ~hu,111 fo r 
01hcr ..:,1mm11ni1y l ~p~, {Gc1111>1 195(,. l\t(' \\11t .1.1 A,1s and i--: ,, , ,11-R 19Ci8). Shallow
rooktl , pccic, ~hould h.11..: higlwr L-ar co11dut·t.111tl·,, tr .,. -;-ir;ttion r:11,·,. pho10-
syn1h..:tic rat..: and l011n ci~m,)lic pnll' nti:tl , whilc wat..:r 1, :J\'a ilablc, :1 11d grcatn 
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annual Jluct ual ions in planl water po lcn ti a ls and growth t han sho ul d dccp-roo tcd 

.spcc ics . Shru b spccies growing in mcditcrranean regions havc ad aptcc.l not on ly 

to sur vivc the sem iarid condition c, but also to co-cx ic,t. Adapta tions c nabl ing co

cx is tancc rn ay be morphological and physio logic:a l di placernc nl which preven t 

the spccics fro m hav ing the sa mc act ivit y patlcrm and di rcc tly co mp-:: tin g for the 

same rcsourcc. 

T AHLE 

Summary of lea/ water chhroc-teristics . DW is dry wei¡;ht, T\V is /urgid weigltt , 
RWC is relativc water contenl, 'f' 1 is lw f water potential, 't'. is osmotic potential 

Arca/Leaí 
DW/ Arca Wa ter/Arca Watc rfT\V 
(g.m -') (g _g-') (.g.g- ') 

Spccics (cm 2 ) -
a l a e a e a e 

Colliguaya odoríf era . 2.3 ± 0.2 170 :l: 9 250 :l 23 266 ± 14 297 0.60 ± 0.01 0. 54 ± O. O-
Qui/laja saponaria . . . 6.0 ± 0.2 146 ± 9 208 ± 20 234 ± 7 277 0.61 ± 0.02 0.56 ± O.O 
Cryprocarya alba . ... 5.1 ± 0.4 146 ± 10 208 ± 20 232 ± IO 210 0.59 ± 0.03 0. 53 ± o.o 
Lithraea caustica .... 8.4 ± 0.4 - 164 ± 26 - 203 - 0.56 ± O.O 

Maximum Jcaf conduct ancc RWC at min. 'V, 
(cm .s- 1) cond uctancc at IV. 

Specics (%) min. lea f 
at 

conducl:ince 
tu rg idi ty 

b d c-d (bars) 
(bars) 

e a o 
--- --- - -- - - - - - -

Collig11aya odorifer(1. 0.27 0.26 0.33 0.30 75 72-76 - 46 -31 
Qui/laja saponariao . . 0.27 0.26 0.18 0.30 50 64-68 - 40 - 24 
Cryptocarya alba . . .. 0.17 - 0.20 0.26 93 8:!-83 -40 - 34 
Lirhraea caustica . . . . 0. 13 O.I S 0.16 - - 77-77 - 35 - 25 

a, mcasured in D ccmbcr 1976; b, mca,urcd in fanua ry 1973 (11 = 5) ; e, mea urcd in Fcbru:iry 1975 ; 
d, mc:1surcd in Novcmbc r 1975 . 

Wc thank l-lirnm Estay, .l ua n G ilibc i-to, \\ "il liam L1wr.:11cc. P,llsy l\l i lh::r, and G:iius 
Shavc r for th cir hdp in th..: fidd, an d Eme. to l t:ijd .. for ma!,,. .i.11g,·q uip 111c11t a 11J 1:it,,, r:1wry 
spacc :ivaibhk. This wt, rk wa~ supp,wtúl by NSF G ran t,; D EH 75-1 9-W I an d D EB 19--19 1. 
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