
A ~ l t ~ x ~ r L ~ c ~ .  ~Vliole platit ! ~ ~ t l i ~ l  rv,irrts c t f  it.,lia.cp nioi\tttrc contel>t I:\! (' 1 for l ~ o n ~ l ( : r ~ ~ ~ a  [ I I I I ( , .  

.;war pii~c. 1)nrtylar-fir, gr-and fir. n r~ t l  incensr rctl;tr- \vt.re cstabli\l~erl !rl)ni f c~ l ia~r  t i> \~rc  
various ; + ~ 1 ' 5 .  l.~sact lcfhal Icvf.1 rlt~lcnrlrtl rryrrrn t l i v  :ice o i  t l~r  ~ ~ C S I I C .  1)11! t l i rr t .  W:IS :$ pc':liral 
plateau 1x'twrc.n the ages 6 .1r11l 13 nrtmths ior suc;ir pine 2nd I)oiiclac f i r  an11 .? an4 13 mnnth. 
ft)r inrcnw-reilar. \Vhnlr~ plant relative turpirlity R T )  Ietlral point!. \vrrc- <r! for tllc pi~lc's and 
I I 1 . i n I i - 1  1 i 1  I h y - w v i ~ h t  l(15.c npon w : r k i r r ~  tlie r r c ~ ~ t l l t . \  \vat fonr~rl trr 
incrrasr ulith the severity of the rlroucf~t, t.s[srially for t l ~ t .  firs. Soil moist~~rc rr,r~trnt (SlICI 
Iethal pnintc {vcrr cst:lhlishcd frrr all five qtrcici on l,tlililcr\' snnrl irlc;~!)~ Irpaii s t  211 .<\I(-' 
prahal~l- rrluivalent to tcnsion ahovc. 24 attn) anti on prcrnicc soil (rlra!lr 1roit1t.r rquivalrn! : r :  

~ensinnr; from 1.5 to 1') atnil. 1-oliape mnis!%re contrrr! tl~cliric~l with 111,crraciny: soil rrroi\turc 
stress in  a straight-lir~r rrlatioriship: FMC may IF used as an irr~lvx oi soil moisturc btrc.5~ 
within a rathrr narrow range C I ~  ShfC and may also fx. calihratetl with leaf tisci~r rliffniion 
~~ressurr  tleficit.< develol,inx under soil nroisturr stress to xive an in t l r~  r t f  the \rater balance 
of the pl;~nt. 

Hasetl on the ShfC at the death point and alw upon sorrw spccies' allility to ontlivr ntliers 
under competitive conditions, poncierosa pine, incense-cctl;~r, ant1 13i1ugla-fir were the niost 
drought resistant, sugar pine the least, and grand fir intermediate. Lt'ays a re  suggestt~tl in 
which the mixed-conifer forests could become e5tablished and retain thrir- tnised conipo.;it~on 
through maturity. The findings suggest that ii planting is uscd f r l  rt.gcncratr clrarruta, 
~ronderosa pine and incense-cedar would he first choice, i~nt  that 511p;ir !.tint. would ;rlso be a 
preferred species ii seeding is used. 

ISTROI)~:CTION 
T h e  mixetl coniier zone forests in sorltti\vrstcrn 

O r r g o n  are u ~ l i q ~ t r  in the number of conifer spe- 
cies that  successfully compete with one another  
throughout their lives, growing to maturity it1 a 
stand of mixed composition. M a j o r  timber species 
in this zone a r e  : polldcrosa pine (Pdntds pontierosn 
I'aws. ) , sugar  pine (I'inlis l a ~ ~ ~ b e r t i a n a  Dougl .)  , 
incense-cedar ! Liboi rdrus  dcc.urro~s T o r r .  ) , 
Ijouglas-fir (Psr1tdof.stc!7a nli~nzirsii  ( Mirl). ) F r a n -  
co) , and grant1 fir iil11ir.s grandis  ( l h t r g l .  ) 
Lindl. j. All c ~ f  the a11ovc species may be fount1 
mixed within itti]: one stand a t  young, internle- 
di:ttc, attd n la t r~re  ages. After  harvesting these 
stands by the rlearcut n~e tho t l ,  holvever, reger1er;i- 
t ion, either artificiill o r  natnr;ll. of these drsira\)le 
conifers is  often difhcnlt. Sumlner  climatic conrli- 
t ions a r e  hot nrld d ry ,  ; ~ l ~ t l  the rapid encronchn~rn t  
of other vegetation rrsults in severe cornpetition 
for soil moisture, especially on  southern esl losurrs .  
S u m m e r  tlrought is thus  thought to  he a tnajor far- 
t o r  in  the  inabilit_v,-to regenerate these areas lvi t t~ 
conifers. 

T h r  prescnt s tudy is co~~.cernet l  with the rcac- 
tion of seedlings of these coniirrs under severe soil 
rnoisture stress. In  the process of studying these 
reactions a useful index of ~vliole plant life o r  
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tlcath. tli(. l(,th:tl frrliage inoisrurc-, cotitrrlt i FhZC J ,  

\\-as rstal~lisl~rcl for  pot1drrc~s;l 1)ilrc. sugar pilit,. 
l)ot~glas-fir,  g rn t~( I  fir. ancl incenstl-cc1tl:ir. I .c.thal 
soil rnoistltrt- contcnt ( SAfC) \.:tl11e> Lvrrt. ?stall- 
lishcatl a s  \vv11 for all fivt. s p r c i ~ s .  an(l 1c~tli:tl re1 .I t '  I V C  

turgitlit\- (KT ) vnl~tc- .  \vcrtt sr t  ior ~ 1 1  s~)r.cics 
r s c c l ~ t  i~icense-cct1:lr. 'l'ht, rel:ltii.c, tlrortght rc- 
sistancr~ of thcsc. !i\-c, qwcies ;111tl tIlc,ir rooting 
hnhits a rc  clisc~rssctl i i ~  rrl;~tion to thcii- t ,~t ; r l ) l is l~-  
t l l ~ t i t    nil gro\vth to  tllnturity i l l  ;1 > f ; t 1 1 ( 1  o f  ini\;(:(I 
comlmsit i o r l  iri tlie ecol(.)gically (-cx~q)lc\ rt.git ~n t li 
soutl~wr.;tc,ru Orvg~)n .  

l ' h ~  :tuthor gratrfully ;rck~~rr\vl(~tlgt~s tlw Ili.ly)C~tl 
:~tlvice or' 1'1'. 1.:. 1T:tllirt ~ t i ( 1  t17c tc.cllrlicn1 :csiiit:tt~cr 

11 rs,  lT:~ry 1 l ' ~ l l . h .  

\\.hc>rt \ c . t . r l l i l i ~ ~  arc. sul)jt,c.tc~tl to  svvcrc' ..r)i1 
t l rougl~ t ,  i t  i s  n f t r r ~  ncx-c.s\;lr!. to es ta l~ l i s l~  11-lirn 
t h r  ~ ) o i ~ i t  of c1c:itll ha- I)c,rri rc , ;~zl~ct l ,  Parker  
( 1()50 I 113s rc.vic.wc.11 rllanv t ~ i  tht. ~iic~tirocls dr\-isetl 
ter tlctc~rtiii~~c. \-i;tl~ilit\. r r f  nrlo(ly p l a ~ ~ r  tissue su1)- 
jrctc(l t ,  I ,.cbvr.re iv;~tcr \ t  rr..i~. \\ 'lt 1 1  cor~ifcr.,, tests 
1 1 a v ~  ri~11;111y ~ . ~ t ; t I ~ l i ~ l ~ t ~ i l  th(,  lt.,tl~:~l 110it1t in  t e r n ~ s  
oi t 'hs~lr  \ i ; t l ~ i l i t \ ;  itic.li. icl);~;rrr,t~tly r)ii t h r  aysnmp- 
tior1 thnt t11c. iv111-11c ~ ) l : l : ~ t  n a \  alive 11nti1 thc shoot 
t i . 3 ~ ~  clic.(l. 

Scvcr:il stutlic.? l!:r\.fs r.stiilili.;lic~(l. however, a 
I t . t l i : ~ l  1)oirrt fitr tllc frrli;~(i.r in ternls o i  wl~ole  plant 



RICHARD P. I'1I:IKTS 

viability after rewraterillg. Marsttall ( 19.31 ) 1s)ted [<.I P ~ , I - ; I I I C ~ I I ~  1 : -?~I . ;~I ( I  L / I * < J ~ ~ ! J / ~ /  ik? i~1fildt'r.j' 
the shoot nioisture content at death for nunierons [ , ,  c,:lrlv 1 )cc,.lll~,c.r t l l r  !-e;lr I)rior t,, lest, 
co~liier species at ages less t h ~ .  a month old, J)llt ~ . l c , i , r - ( , l ~ l  l , l ~ k l l ~ . .  ,,; J ~ , ) l l K ~ ~ l s - ~ l r ~  grall(I f i r ,  s~tgar 
his data are of liniitetl valtrr because the Icthal , , i iW,  ; , l l l l  i l l c t~ l l sc . -c t~r~~Lr  rr.c.rc. dug tllr 0- - . - -  
level changes very rapidly yjtll tissue tnat6ration. Il,lrpcry ~:-!kt,,,,, o ~ ~ ~ ~ , ~ ~ .  ;Ill<\ t3E; 
Tazaki ( 191~0) deter~nined a.lc.thal shoot n~oisturr ~ic,hv,lllrg, .ljlt: s c t ~ ( ~ ~ j l l g s  ll:t(l l,(bcll grOlvll 
contenr for 3-month-old seedlings of Pinas thun- ,,,,.,I collt.ctecl irolll tile iclllvwillg ,tlttrct.s: I ,i,LrK- 
beryii, and Hrix (1960) estahlished a lethal FMC 

, (  i 1  i<c lKut ,  Ki\.r.r area : grar~d 
for seedlit~gs of loblolly pine (I'inus taedu I - . )  t i r  irol,l \llc. y ; l s t c r ~ ~  - ,?o~)~, tli the (.)rego~t Cascade 
in their second growing season. Rrix's rt.sults J+~,~~,.; :ill d illc.t.llhc.-cc.tl:,r f r r , l l l  tlIc. ~ n l l J c l u a  Na- 
stressed the need of a lethal point for the ~I'lole tic)il;tl  l:cJrc.st. ~ j , , ~ ~ ~ c l . ~ , ~ ; ~  1,inc. \vas c~btailletl fro111 
plant rather than one based on the viability of I:~~~.~ . ~ ; ~ . ~ ~ i ~ ~ .  r r l l r ,scxr~ ill l:erltl. Oregoll, ;~rld 
foliage tissue alone, since he -showeci that tleath tl,(. .sc,,lrcc of ,cc:d $%.;,> rllr t.:lstc.I.n sl~ll,t- l,f the 
oi the intact plant occurs while the stem and c l l r l  r , l l  ; \~) t )~l t  80 srl'(Jlings of 
needle fascicles hoth are still alive and able to take c.;,cll sl,ec.ie5 l,ft,tc(l in  5- 11)- 5-  1,). 6-inch 
up water. H e  concluded that resistance to water , , i r  s , l ~ ~ .  i l l  rl~itl-l)c~cen~I,cr 
transport after drought occurred in the root sys- ,he Ilint~.; allll t l lc .  cc.tl;ir k\t(.rc. ~ ) l ; ~ ~ ~ , ~ l  ill a florist's 
ten1 rather than the stern and that his index was grc~el l l lc l l lsc  nlltlrl- ; ,c t~~:~l  clavliglit 1,1115 2 hours of 
"merely an indicator of an internal water stress ;lrtihci:ll i, i l l  tile lllitlt\ltl the nigl~t 
which affects some portion of the roots name sig- ,,, ttl;,t t l l r  l l l i l l l t >  ~ , . o ~ ~ I ~ ~  Ilrrak ,hoot tlornlancy. 
nificantl~ than it affects the leaves." Ursic (1x1) .l'he firx I l t , t  ~ t ~ ~ ) ~ ~ ~ \  illto tile grec~ll~ouse until 
found a lethal range of FMC for year-old loblolly J ; , ~ ~ ~ ~ , ~ ~  5 .  tl13t tIttsY t ~ ~ l l l d  11~' suhjectetl to at 
~ i n e s  and also concluded that the roots may die least 2 mtrnrlls t ~ i  t - t ~ l r I .  \r:llisf~ appears to 1 ) ~  l l ~ e s -  
hefore the rest of the plant. Recently Stransky hziry glll v:,rly : L ~ ~ ( l  l l ~ l i f o r ~ ~ ~  I~rc~akit~g of (lor- 
( 1963 ) , in comparing FMC with needle color, r l l I c .  I ,~ ;11~ t5  I , i ;,!] sl,ccir.s I~roke tlormntlc!. 
established a lethal range for whole plants of lob- , ; t ~ , i l l  30 ila\-s ;ljtc.l- llr.;llg Illace(l ill tile green- 
lolly pine. il(,rlst.. 1 lj;lr,ls \vcrca it.~.tilizr.(l l~i~vvckl~.  with a 

A cotnpariso~l of the relative drought resistallce rIIod ific.,l ){r-Jax.];llld'5 nlrtrik*l!t and kept 
of western conifers has been made by Marshall watrretl rllltil tilt' nlj(ltl!t. ;Il,ril. All 1jl;ints 
(1931), who used the water-supplying potential ,ver, actil-cly g r c ) n . i r l g  ( l,orll shocrt ant1 roots 
of the soil at the lethal point of month-old seep- ,1,,,, lvnlrring ct.;isr(l, 
lings of various species as his index of drought '].lIc. lengtjl t i l l l v  ally , 3 1 1 ~  plRllt was unwatered 
resistance, and by Stone (1957), who used the vnric.tl f r c j n l  to t,\-c:r 30 clays, ilrperlditlg upon 
soil moisture content (SMC) in the lower root tllr size of tilt. I,l;l ,~t : t ~ l r l  \tit. c1egrt.t. of water stress 
zone as his criterion. to ~vl1ic11 thc I ~ l : ~ ~ ~ t  \\;I, to 11e sul)jectr(l at the ti~rle 

of ren-atcrii~g. 
M ~ ~ r r o u s  'rhc 1;\1( ' oi t!!c 3- 1,) 4- at1(1 13-nio11th-01(1 

needlc~s of I)illes nll,l firs n7:ib c?k)t:iint'tl irl the morn- 
Seedlings of Tjouglas-fir, grand fir, pondcmsa 

illy, ilrlrnc.(liatc.ly ~ ~ r i o r  to rcwntt*rin~ vach intfi- 
pine, sugar pine, and incense-cedar were subjected 

I I .  ScetiIc..; tvitilout ~ l ) ~ . i o u s  defects 
to severe soil c.lroughts in order to establish a 

( urcrosis. I)oor rcilor, crc. I xverc sclectetl from 
lethal point for ITMC. RT. and SMC. These 1 I , )  1 1  I ;Igr. of the iucense- 
lethal points were set 1)y taking samples of the ccd;,r f<~li ;~gf .  c.;llul!!~.s \V:I.; :~l~i~roxin~ately 1.3 
foliage and soil just prior to r e w a t e r i ~  and check- 

1 1 1 , 1 ,  i ;;ilnIl~e~ cli ti\-" fascicles from the 
ing the survival at a later date. Just a few of the I)i l lc5,  irJll;- t,, ,.,gl,L l , (J ( . ( i le?  irolll ~ I I ~ !  firs, ;~ncl t f ~ r  
~la11ts were rewatwed at light and m d e n t e  ,,llt,r llali illi.ll ( , j  ~cd; l r  t.~rallchlet~ wert. 
stresses. Most plants were rewatered when water tol\vll, sarlll,le5 ,,.t.rc. \lc51il j r l  n~oisturc~)roc~f 
stress was severe in an attempt to gather the larg- plastic wt.iKlling 7;iaIp 1111ti l  tIl(.ir ires11 \veig\~r 
est number of sanlples near the hypothetical 1ctIl;lI rolllll lie ~ l l , t ~ i ~ ; ~ t i .  usu:lll!, 1 t t r  3 hours after 
point-ideally with an equal nurrlber distributed sallllJling. 
both above and below the critical point. The FMC 1 . ) ~ ~  tc~ all osiil;il in11 c ~ t '  t l ~ c h  1)l:lstic ( contrary to 

values obtained on previous days were used as a thp m;+!~niactusrr'z .:. :.l,t.citic:~tii,tii I .  tllc vials coultl 
guide for rewatering after ohvious "live" and : r  I i n l i .  t ? ~ ( .  it)li;~ge was \r,eighed 
"die" zones were established. This prevented :,I\. f roll~ [ill 5 i;il lcllii.11 resulted in a fresh 
wasting plants in zones either well ahove or well tll:,t :,-as a1 tv;i>... I ',;; t,, 4'77 lu~v 1)ecause of 

below the critical point. urr Itra; 1,)  chr' a! rial and 

-.-- 
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air. :\fter c)l)t;~itiing thc, ires11 ~vc ig l~ t ,  the nertlles 1: r p c r i w n t  2: 1,'1~11 drou!jhf in  f u r t t i i ( -  soil 

were ovendried at 105'C to cot~st;~rit n.cigl~t, re- .rhe rxpc.riment was cl(.signc.tl to test e;lcll 
\vrighetl, anti the moisture contc2rlt espressrd as ric.s c o n l l ~ t i ~ i v r ~ y  against the ntllers as l v ~ I 1  ar; 
a percer~tage of dry weight. \l7licn t l 1 ~  w c i ~ h t  was ol,tain frlliage ant] %M(: ~,-tIr:el \~altic.s. See(lliri.. 
measrlred to the nearest 0.1 111g. j)ossihle wrighing ,lie samr age anti sOurcc a s  (lescri\,rrl :st 
errors from the l~alaiice \\ere : l h ~ ~ t  14.;. w t e r  for PSlwri,,lP,,t ,VCrC collrctr(l from tllc nu, he 
the firs, 2nd 0.5:s water or Icss for th(x cetlar and tinle t,llt were ~lcttlcel-in Olltsirlr u :h. 
pines. ~ l l c y  were tllrn pottrcl in pairs in thr center of a 

Just prior to rewatering the sectllillg. Ii'l' of -3- no. 10 can in a watpr-]aid punlicc sclil fro", Glide, 
i111tl 1.3-~iionth-old rieedles W:IS c~l)t;eirlrtl h? a o ~ ~ ~ ~ ~ .  /\ weclling nf cacll sl,ccic.s \!?as 
method similar to that tlcscri1)etf ti!. ?~c?atherlcy with of another so that tllere were. 10 

I .  I. Kesl~lts iron1 tilt-. .3-1ii0titIl-c~ld iieetllcs sPrcirs ro,nllinations Ix,ssi~lle. ,4t least 12 cans 
l ~ r o ~ e d  uiiusal~le. ho\\c\-cr, due to cstrcme \aria- ,,f rach conll,ination uvercl prelsared, tllere 
tioil in the ;lniount of watrr ;illsorl)t,t1 during the ,,.,,, aI,pr,,;n,atc.ly 120 cans ,,,.itIl 240 srrdlings. 
.o;~king ~)rocetlure. .An attempt was made to rewntcr each can at 

In measuring tlle KT oi oltler nectllcs (;ige 13 t ime  whrrl was still alive nnrl the otf 
months ) of the 1)ilies ant! lir>, the sntritc saml)ling drafl. This I l t lrpse ass accomplisllefl fnr &ou 
procedure as ior the FlIC' tlcterrninatio~ls was thjrtl of cans. 
used. The KT of it~ce~ise-cedar was not measured \'lanth broke ~orr l l ; inry  in ,\pril, \vt:rtb leit out- 
tlue to the tlifficulty of I~lottitig the hranchlets sidr, kept wr]l watrrc.tl. They grc\\~ well and 
colnpletely tlry after so:ll<i~ig. .\iter fresh \\eight ollly one app~ication nutriellt solutioll \\.as 
lvas ol~tained, fir nrcdlcs \\-ere slicctl cross\~:ise arid 
floatetl on water ill a closet1 plastic vial for 24 c:,,,~ wc,re movc.t\ into the. greenllouse ill late 
Ilolll.~ (tem1)erature arid light ~ollditiolls were those lunc and kept wrll w;ltrred. In ,/\llgnst, 
of ;I t).l)ical office 1)uiltling.l. after which they were iiEllt was proviclecl in the midrl]c c.,f elrev ni+t. 
1)lotted dry, \veighr>tl imlnecli;itely, o\.endrie(l, :lnd ~ ~ l ~ ~ , t ~  wrre Rrnwillg ,,iKorouslv at tllc start 
rcneig\retl. 1-'hie neet1lt.s. sli~.c.tf rross\vise in halves (lrought in early s eP ten lh r .  The first c; 
or thirds. \\-ere 1~l;icetl in tlw vial with m e  rut  enti ,,,.,, rcwaterecl in late srptrllll)er. r n  Octnl 
it1 ~vatcr  :inti tllc al)c~vc~ ~)roccclure iollowcd. the remaining cans with two livc plants i 105 

The SLIC imniediatcl\ l)ri[)r to rc\iateririg eacli intn the office due  to the humid, 
plallt bt7as ohtair~ed taking apl)rosirnately 4.5 g cool atnlnspl,erc maintained in the grrrllllnuse. 
from the soil it1 the I)otto111 2 inclics of the pot, ~ 1 , ~  c,ficc trmpcr;lturc was gprlpr;Ill? al)n\-c M'F. 
since this 1)ottorn laper liatl the greatest concen- ~ r o l l g . , t  was cOllt~llltPf~ llll(I1kr 101lK-cl;\!- coll(litinns 
tratioll of r0OtS. 1 g a s  I I 1 1 l V e  (atlrlP(l 2 hollrs liKht 1 l l l l t i l  the lnidtlle 
from n tlr:~iu hole. soil ~. i t l i i t i  all inch of t l ~ e  hole ,,f xOvcnlher. i \ f t r r  rarll  can rptr.atcq-c.c-l. it  
disc:tr(lc(l, ;llitl tlic sarlil)le t;~kcn. 'l'he cavity was ,,, takf.n to ,llc Krrc.ll~lr,usc. 
then lillrtl n-it11 glass M-1101. The soil s:tmple was ,!-he I;MC of :Illtl olcl I,illc nr l f l  fir rlepdlcs 
l~ t , l t l  in gl;c>s sere\\--top vials and taker1 to the , r, ;lnrl 1s months oltl. resl,rrtivc.ly I \\a,; ()l>tninrrl 
office lor irt,bh ~veigllt ~iir:esurctiie~~t. The SMC ilnl,!rclia,cly to rpwaterillK I,? , I l r  snlllr. tecll- 
I V ~ S  ( ' x I ) w > ~ ~ - ( I  ;13 :I ~~~~~~~ntiict:. OC I -~\cndry ( IOSOC'I Ilic,,,e tlr,stril,rrl ill rsl,f.rinlcnt 1. [llcr+n.;r-l.edar 
\\-cigIlt. Tllt~se gr:~viilictric;ll1!. clctrrtrlined ShIC ~ ~ ~ l i ~ ~ ~ ,  a,,,,roxinlatelv .? :inel 1s ll,c-,l,ths c l l t l ,  \\as 
\:elur.; weri, al,,rb r.s.;l)res.ic,tl in ;ttt~ic~sphcrc,s of soil san:,,lrtl in sinlil;,r Irl;rlll,c.r. T,crlgt\l tilue 
nloisturc tc'nsiou. -1'llt' tc.llsiOl: \.;lltlt'.;, \I-tarf' 01)- Ilt,ctllc.s remainell ill \li;l]s n.;,.; ~ l ~ ~ ~ ~ t ~ . ~ ~ ~ ~ !  ttl less 
t:~ilicd tl1~0llg11 t l ~ c  IISC oi :ITI'..SIITC I ~ I ~ I I ~ ~ I ~ ; I I ~ C  nntl tll;ul llo,,,., 1,1,1 I~~~~~ of mnis t r l rc~ to vial ntl~lr,s- 
t~ILsi011 t:~ll\c appar;etus :it thc i~)reg-Oll s ta te  [:11i- Illlcr(. ;Il)elllt salllC as tlescrillc.rl t.ar]icr. 
vcrsity soil F'l~>-bics 1 J:il~o~-itto~-)., . I . hr l<'l' w:ls 11ot nic%:lcurcrl in r:x[rrrinir.nt 2. 

Tl~t .  >i~rvival or tlr~;~th ( o f '  t l ~ r  rcw;~tcre(l ~ ) l : l ) l t  ,<c;;inlljlinR . c ; ~ . T ( '  \vas nl l l r r  ccrilllllic:lt(~cl ill ' 

\v:cs relatecl to tllr tl~rcr> i~itlices of \\-;itc2r s t r e v  ~ x , I ~ r i l l l P l l l  SjnC(. 1 l l r rC t \vl l  I,lnllt.; ,,,-r i 
lir~‘\-i~u.;ly olitninetl. [:or ~ ) ~ : l l l t . ; ,  1 ~ ~ 1 1  ; I ~ ) ( I \ , Y  1.1r f ~ ~ V ~ i l l , i l l a r ~  escnv:i~~On ror~t sy ,~tpl l l~  frr~tll .<:,,,,- 
t~-ell h c l o ~  ~ l i e  lethal ~)oi l  i t ,  rc~\.c,ral clay> \r crc carls sl,r,lr.r.rl th;lt r t~c~ts  of Tj;lirc-d 1)l:itlt s had 
I I S I I ; ~ I I ~  hnfticient t11 tell \ v l ~ r ~ l i ~ ~ l -  [? I (>  scxe(ili~~g  as \ , ~ . c - ~ ~ ~ ~ ~ ~ ~  c~xtc.nsi\~t-ly i ! l ~ ~ r l : ~ c ~ ~ ~ l  a11fI 11311 r o ~ i i ~ ~ l c t ~ l y  
going to Iivc. Tlo \ \ -c~ \ - t ' t . ,  ii tlic ~)!;u~t II:ICI I I I . ~ ! ~  l l l~~-li l t . ;~t(-( l  ~ I I V  soil I I L I I ~ I I ~  :IICI 0 IIIO:I~!-I.\ tli(y \vere 
c.lo.sr to t l ~ c  Ietli:11 j~oi~rt .  ;I r(.c.c]\.c.ry ~wriotl ( ~ f  > ( - i -  , I  togc.ti1c,r. s t  I occurred 
t.l-;il \\-rlrk.: ~ v e r  lllnll,ll \\-a< .,olll,~tilll~~.. I I ~ * ~ ~ : $ -  \\11<sr(. r,),-~t,s oi or;tL < , ) ~ ~ * i t ' h  ;~r( .~!o~li i~i; l t t~~l.  'f'Iltl% 

3:iry. :~li{l (llIrilig this 11t't-11 I ~ I .  i :~( l iv i~I~~:~I  wccIIiligs ft !I- t i l t ,  first 10 <-:IIIL : oi tilt, i ) ~ ~ t t ~ ~ i i i  2 ~ I I C I I C S  
\ r ~ ~ L l l t \  sec~n!illg\\- v;lcill;ltc. I l c . t \ \ - c t ~ l l  liit. ;tntl c[c:ll!l. - I  1 i 1  a,cs \ ;~ I I I~ !~ , - !  !I ( . ! ! I  ~ ~ I I I T .  If; t.i:i'lit 11 ~l';lti()ll~ 
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Early S j ~ r i n ~  1966 I)KI  jL'(;[I'I K I : 3 1 5 l '  

arontirl tlie can 1)eiorc re\vatrri~tg. 'l'ltis prclit~ti- 
nary s:i!nl)ling indicatctl tllnt SSI(' was usually the 
sanie tltroughout tilt. bottom of the can : 11ut in  tic 

carts it varied systctnaticnlly. \\-it11 :L low pviut I)eiug 
opposite one species, a high paint oljposite the 
other. For  this reason, two SAIC; samples \\rere 
take11 from each oi the reniaining r:t~ts prior to 
rewatering, each one directly oj~posite a different 
seetlling. The dry weight of a vial of ~>url~ice soil 
was usually about 13 g.  XI1 proceclures for re:- 
~vatering and ohtaitling soil tnoisture tr'nsion values. 
were similar to exljerinlent 1. 

Foliage moistlire co~ j to l t  It-7tha.l foints  
The apparent lethal points shown in Liig. 1 x e r e  

generally selected 1)y cltoosing that point having 
the same number of "\vrorig" plants ( t l~ose which 
lived below o r  died al)ol-e tlte lethal point)  I~elow 
it as above it. Occasionally, however, a I;~rge 
grouping of "correct" plants (those which lived 
above or died below the lethal point) influenced 
placement of the Ictlial point cither at)ove or I-)elow 
the tilathematicall!. correct 1c.vel. 

In  general, foliage letltal points for the death of 
the entire plant dturlineci with foli;ige age (Fig.  1 i. 
The FNC: valttes of pines a t~t l  firs for ages .3-4 
a i d  13 rlionths ;ire for sectllings pattetl in builtlcrs' 
sand arrd clroughted i r ~  1;tte spring, while T:>IC; 
values of pines and firs for ages 6 and 18 montl~s 
are for seedlings potter1 in pumice soil arttl 
droughted in late fall. The FMC's of incense- 
cedar at age 13 ntonths are for the spring drought 
it1 b~~ilclers' sand, and at .i and 18 rnorlths for thy 
f:~11 drought it1 pumice soil. 

Inrcrzsc-c-l-cic~r-.-li~ce~it, I N I ~  hardened, foliagr 
was estimated to he a h ~ ~ t  3 ruonths old. The  oltl- 
est foliage a t  the base of sc:etllings was ; t h c ~ ~ t  13 
n~otttlts old during the first ( spr ing)  tlrought ancl 
18 ~itc~nths old tltiring thc second (fall) drought. 
.Apparent leth;~] points \vt5rc. fairly clear c11t at 3 
ant! 13 inontf~s :~tttl rc~tti;~irtt~tl cortstant at al~rntt 
57(,:, for thesc ages. l<ightr.c.ir-ruc.~ntI~-old foliage 
turned k~ro\vt~ and hecatllc. :lln~ost air-tlry wllilt. the 
plant M.a.; .still ok~viously alive. 

I)orc<l l t~~-f ir . - - - l~(~l iq  of 3, 0. arid 13 nlorlths of 
age ~)ruvt.d to he n ~ o n r l  iritlicator of wl~olc 1)l:rtlt 
viallility. :I pl:itt~:ln for tlie I ~ t h a l  point ;it : ~ l ) t ~ ~ r t  
62';; apprbnrs tn exist ior nc~c~dlrs fi :111d 1 3  11-11 l r i t l l >  

oltl. Ho~vcvel-, 13 ~nol~tll.; the ~tc.c.~llc~s tr~irit.d 
to clry LIF) :inti clrol) off rr11flc.1- eve11 111orltbr;lt1,1!- 
severe w;ttrr .;rrtAss; on o~ily ;ll~out a tltirtl oi rl-it. 

scetllirtgs \vex  therz r r~ol~gl i  suital)le 1 3 - I I I ~ ~ I ~ ~ I -  
old lieedles Itaft t o  I)e satrllil:.(l. i < i g l ~ t c t ~ t ~ - ~ t ~ o ~ ~ t l t -  
oltl foliage Ijccnrne :tir-(11.. 

(;Y[~U(/  fir.-l.-oli:igc~ 3 nio111115 old 11r1 )v~~l  :t t:iit- 

:III,I IS n1111itlt ,)Id ! I~c : I : I I~*  : ~ ~ t i i o s t  air-tlry. 
f ' ~ ) n d l ~ r o . ~ ~ ~  pi~1-.-- . FoIi; i~t~ .3--4 : i ~ i t l  13 n~o t~ t l i s  

0111 1)rovt~l ixir i~iclii;r~trr- of \vItc~lc ~)larit viability 
i lctI1i11 po111ts t ~ t  :11i(1 %I(,;; , r(-sl~ec~ively ). 

\\-l1rrc.;l,s 1tc.c.dlc.s 0 an11 IS T I ~ I J I I ~ ~ I ~  olil i Iet1131 points 
of  IS',,; ; i ~ 1 ( 1  OOf;;,, r (~y)ec~tiv(~ly ! 1%-tsre good incli- 
c;ttors ant1 had narrow r:ulge, oi 01 c.l-l;rl). 

> S ~ t ! / ~ z r  pi~~c.---S~tg;tr ,pint, proiwl t i )  1)t. t h t~  hest 
hl~ecies ior est:~l~lislti~)g ;L \ Y I I ~ I I Y  1)I:int Iet11:tl p(.)ittt. 

, ( )\-c.rl:llq~inp rarigtl.; I\-crc3 rl:irroir.. arid leth:il 
~win t s  o f  1.21 $;.. 7X5;,, SOT;; , nntl 587; were readily 
cstnl>lid~i~cl for foliage of ages 3-1. 0, 13, ant1 18 
rnontlls. rc.sl)t:ctivcly. .-I platr':i~t f ~ ~ r  It-tll:~l points 
tlet\vetttl 2gc.s 0 ;ind 1.3 ~itotiths is 3l.1p:ire11t and 
.iirnilar to tli;~t f0111:cl for I)ouglas-fir arltl i~tccnsr- 
cetl;1l-. 

T h r  sc , r~ t~ i l~g  v;i~ill:i~ioti I)et\vee~l apparent life 
and ctratli for a s  Irltl;: :L; ;I nlont11 :~ftc:r rewatering 
c~rtl~liasizt-, L I I Y  nc ,c . r i  i d ) [ -  n gv011 i ~ l d c s  of \~Itolt. 
plant 1-ial)ility. S u n ~ l l i r  of "wrongh" (tjased on 
l)rcli~niuar\- cla,~itic.;itic~r~ of live o r  (lie) i l l  thc 
zone of ovcrl:il) n-;IS : ~ t  :t ~ r i ; ~ s i n - ~ u r ~ i  a fi*w (la!-s after 
rcw:itrrit~g. Iu~t (lc.c.rc:r;lr.(i to the constant level 
sllo~rll in I-ig. i \ + . r t l i i r ~  ;it)out 3 n l o ~ r t l ~  re- 
ttt;iit~e(I tliis \\-:[? fc~r : ~ l ~ ~ t o s t  :L ? -v :L~.  

I:vt,n vi511;1! 5igl1,. t l f  lift. :i(ter rc.\v;~trring. such 
:I.; regai~liii;: of 1c:ai turgitlity ovrr t~igl~t .  dirl not 
;tl\va-s 111c:ui the \sliolc~ j~lant xvoultl live, for death 
iometitt:~.; i~) l l r~\ \ -~t l  :I wt.ck latrr. 

111;1?)ilit!. to re,~;jin t usgirlit! o\.c.~-~ligllt (lit1 not 
:il~v:t!.s intply dcbath c-~i t l ~ c b  .;c.c(lling. for solltc indi- 
~ i t l ~ ~ ; i l : ,  took s~i.(.~-:il (I;I:-- I)c.t'r~rc. rhi.il- io!i:~ge agairr 
1i~oicc.tl z~tccult.:lt. i g,r:~t~cI fir l ivv(l  ior over ;I 

vr:tr  wit!^ 11('1'(11~.s 11i:lt r ~ n i n i t ~ e d  sorrre~vltat flaccict. 
\\.it11 ~lor~clc~rosa 11i11z. C O I T I ~ I ! ~ : ~ ( ~  cIvf(~1i:ition . ;OI I I~ -  
tilncs occ~~rrccl  v ~ c r t i t  i~ jr sc.\.t.r.:~I juvc.~~ilv foliiige 
hiiltrs :it 111c \)as(> of t l ~ t -  ~ t ~ t ~ I ! i ~ i g  tvliicll ~tltiniately 

rom thc 
1t.r'115ta-ce 
rtioti o f  t 

, ~i IIC(YIIVS. : L I I ~  I:LI c,r I I ( ~ : L I I  grt>~\-tl! i 
11ti!1:t1, I )oi~gl;i--til~. , I ! ~ ; I I .  T I ~ I I ~ . ,  :;11(1 i~ 
l ~ t ~ i \ ~ ( ~ \ ~ c r ,  g(~~ic~s;t l~! 1:1t%t1  it' :I r~~;t-ior 
i~ l l ; ; ,~ ' .  (Ii(.tl. 

. l!tc of  ~IJ!;II!II ,-  - .\<I. ii11i:t~r is i1i111ort;111 
t~..t:il)Iisltinq : I ~ I  ir~ilc> of  \ V I I I ~ I I .  1~f:111r vi;tl~ilif!. ( 
I ) .  l l:~riI~:ill l ( j . i l  I .  -r':iz;~ki r I I N d r \ ,  at111 I.. . . .  
( '1')(101 snl~l:iIc.rl t i - i uc .  \\lio.-c. ngc. e l i ~ l  not vary 
; ~ ] ~ ~ ~ r ~ ~ c i : ~ l ~ l y  I1cst\\d.(,11 j~l;i~i'l-. I ' l -yir .  I lr)til I 3:~1i1l)lt*d 



Tazaki. 1)erIiaps due to gre:itc.r \.:rria~ion in age 
of needle samnles. 

Results from the presrnt stutly intlicatc tll:~t for 
2-year-oltl plants, a rel;ltivcly btal)le plate:~u for 
lethal 12MC prohahly existctl I~etweeti the :cgcs 
of 6 and 13 mclnths for I)otlgl;ts-fir. sugar 1)inr. 
;i~ltl ~)orlderosa pitie ant1 1)rtwcen 3 and 13 months 
for  incense-cedar. For g r a ~ x l  fir* the age liinit 
for any plateall was eviclently It~ss than 13 ~notltlis. 
Foliage ;it 3 to 3 ~ilontlis o f  age \\-;IS still it1 a >t:ite 
of flux with regard to thc tn:~turnti\.c tleclirlcb o f  
E'MC 1111tler n-ell-watered conrlitio~t?; for tnost ~ ) i  
these conifer specie.; i I'llaris 1')O.i I ,  i t r ~ t l  it is rea- 
sonahle to believe that lethal ~)oilit,> ;Irc also chang- 
ing rapitlly during this 1,criotl of 111:ttrlr a t '  loll. 

f3y age 18 mo11t11s (1.3 for grand i i r )  ioliagt. fnr 
the firs alltl cedar 1)ecalne air-dry n.llile the 1)l;int 
was still very 1nuc11 alive. elinlin:ltit~;. ioliage of 
this age as ;l gootl i~ l t les  iol. X I I S  critical detttr- 
mination of Irtlial p o i ~ ~ t .  J'or tlie 1)incs. IS-mo~ltli- 
oltl foliage \\-;is \till a gnotl ~nclic- tor. if a \  ail:~l)lc. 
J lost  1)inc r~eetllrs a t  this agc t n ~ d c d  to rlr! rer! 
rapidly, 11 hile younger foli;rge reti~ained huccnlc~rr. 

Titus, foliage with ;I rallgc of age iron1 0 to 1.3 
tnonths can I,e used as 211 i~ltlicator of whnlt. 111211t 
vial~ility wi t l lo~~t  calil>ratio~~ as to exact ape. ;\I-  
t l~ough a nlore li~~litt!(l rallgc. t..~., 0 t,, 10 nlontlis. 
\voultl pro1)al)ly l)tt s;rfer. Fi>li:lgca 11111~11 older t11;111 

1.3 months 01- nitlch youtlgcr tlla~l 0 nlonth:, is in 
g e n t n l  ~ ~ o t  sntisfnc-tory. I t  shol~ltl I)c rc.;tlizc.tl 
th:rt lethal pc~int\ ohta~~ie t l  in the gree~iliousr nla! 
differ iron1 t1lo.e ol)tai~letl on st.e(lli~~gs 111 the 
field (uatural or plnl~ted 1 .  1-or iilktance, 1)l:irtt~ 
tIi;~t 11arcly ma~i;\gt~tl to i\-r in the grrenl1ou.c~ 
will ~xo1)aLly (lit, u11tl1.r fit.!tl coliditions. I lo \ \ -  
ever, thc sin1il:trity ill 1etl1;il points of t l i f f r r r~~t  
q)ecie> of IJi?/r!s i discl~ssrtl I;~tcr I suhicctt.tl 1 1 )  

drought under grectll~ousc co~l(liti(>~ls 11y several 
otller ivorktars i11il)lics :i ratl-1c.r uniiorn~ letlial poitlt 
for pot t i~ l  seetllir~g:, i l l  grcc.llhc~~~sc-. 

1 'arinhiIitj1.- \ ' i~ri:itio~~. or range of ov (~r l ap l ) i~~g  
"live>" ; i ~ ~ t l  "tlii..\." \v:is tlr~lw~lclt~r~t I)otli upon 51"'- 
cirs :i11d age oi tissur. 01ilc.r inctilrs ~~h ic11  coul(1 
11ot I-)? detiiiitcly :lc.c~~rlnti~tl ior, ~ t l c h  a> s:lll~l~lillg 
cbrrors. fr111ps :~ttack. 01. scvthrtt cli11i;itic co~iiliiioris 
(luring rccovt,~-J-. 111:t!. ; i l i c t  :1cco1111t for !)art of this 

for the 0- ;ir1(1 I .~ - I I IOI I~! I -~ I I I ( I  f(~lizXi7. S i ~ l ~ - t >  > I , ~ I I ~ ~ ,  

~iiost likely : i c c ~ - ~ t ~ ~ ~ i t ~ d  for 1.11i; ;~ri:rtioii. I ~ I I \ \  - 

I ;tlq~rars 
o f  tlie 

.*:..,.*'.,I - 

So. 2 

111011til-o1(l I I c C l l i \ ; l  L L , L  I . 1 L L L  r ed .  to (lits \vl~ilt. tnt. 
1,l;lllt rc.m;iinrtl ;~livt,. I )c>nth oi !.orltlger shoots 
\vl~ilc tllr ~)l;rrlt s~i l l  iii-ccl \\.as :ilso rcportecl 11)- 
S:r;\:~>ky l~~fx3  1 ~ O I -  l111111~1l~- :11ic1 si~ortleaf pil~es. 
I'll! sic;tl c-c~il :~l)~~. ( h i  !.o111q >ten1 re- 
- i ~ ) ~ t > i l ~ l e  for t l ~ i . ;  ~ I I . I ~ ~ ~ I : I ~ I I ~ ~ >  c1c:rth lie w 
>]I( I (  It . 

I )it'frrtl~lccs in sc~il t.!.l K: \vertA eli~ll l l l . t t~t~ 'IS ;t 

~>os" i ) l r  catihe of v:tri;tl~ilily ill the 5 l ) r in~  drought 
0 1 1  1)uililt.r~' s:ln,l I)!- ;I later clreck csl)erinlent. 
Hcrt., h;lli th(0 ~,c~nclc.rc~s;~ 11i11e scc(1liligs lvcrc 
1~0ttwl in I~itiltlcr,\' >;111tl, the rest ill ])nmice. ant! 
; i l l  \\-c2rc. tlrorlglitetl ;it :11c siuiic ti~llc i l l  late q j r i~lg .  
litlsr~lts tli tllis check clrougl1t colifirnle(l the lethal 
11oi1it for 1,3-1i~o11tIi-~~l11 ~iee(lle> oI)t ; i i~~r(l  earlier, 
and tlri:. lethal l)oir.~t \v;i.; 1Ile sarl~r. ior scctllings 
un I~c~tli .soil.j. 

I)iffc.re~lcr> i l l  cli~liatt, ~ l u r i ~ ~ g  tlrot~gllt ;111d re- 
c l ~ \ r r ~ - .  or sc.;l\oll (11' rIro11gIlt. hot\-rvcr, may have 
Ijcen i-c>l,ot~siI)lt~. \:'ith regartl t ~ )  .sc.n.;on, c\-e11 
tliough i)l;inth \\.ere i \ c , i ~ t  ;~vti\.rly ,gro\\-it~g prior 
to I)otl~ tlroughts, t l ~ ~ ~ ~ c .  rlroitglltetl ill  the iall tllay 
I I O ~  I1a1.r Ircc+~i ~~l~!~siolo~icnl l \  ccluiv;lli~nt to sl~ring- 
clroughtc.tl 111;11lts. ; i i ~ t l  11111s may have differetl ill 
tlirir reaction t t ~  t11.011:ht. \.:iriiiljilit\. tvllatever 
its c,;iu~c-. :1ppr,;u(.11 to I)c. acci.lltu;~tc.tl for poll- 
dcl-osa pi11t.: tllc irrjl(:r iilccirj cs!lil)itt:d remark- 
al~l? little. \,;irintictll c~~~tsiclcri~l:,. tli\-ttrsity of s?:~-  

~ol ls .  tlrougl~t, alltl rc .c .~ .~vt~y co11ditio11s. 
L-sir12 0- tcl 1,3-111viirl1-oltl foii;~pe. future n-ork- 

TI-.; ~ v i t l i  sc.ctlliug> c~ i  tlicse live spccics shoultl li;i\-r 
I I ( I  l ) r o l ~ l e ~ ~ i  <~~t : i l , l i s l~ i~~g  ~t:iti~tic;il ! ) r~~l) :~l~i l i ty  oi  
li\-i~lg or (lying ii a 5llc:cilic rcplicntr(1 nt~tl:I~er oi  
1tl:lllt. ; ~ r r  rya.;ltc.rc*tl i l l  lrt.viously (l(sii:leait.tl mitior 
ZI,ll(,-; \\ithin thr 111:ijor zonr  oi  ovc.1-1nl1 ( i:ig. 1 I .  
l i e s~~ l ty  I,( tlic prc.c.111 . . I ~ I ( I ~  l)i~il.toit~t tlic zotit7 oi  
I I \ .C~! ; I I )  ;t11(1 ? ~ I C I I ~ ] , !  ~ I i i i ~ i ~ ~ : l t c  iroi~i  c , )~~s i i l c ra t i ( .~~~  
ii111e.11 of t11e I I ~ I ! K T  :L I I ( I  lo\ver r:rllgt.s ( ~ i  11111ist11i.e 
c~,lltc,tlt. 111 : i~ l ( l i~ io~i .   lie I Y I I I ~ I I I ~ I I  l:llC I~t11:il 
1~1iilty ior sta\t~r:il qwcir. :it tliffvrc~~~t   IS^> i~i~ll ly 
111:tt tllt...~, I N I ~ I I ~ >  I I I ; ,>  1st. r ~ h ( ~ i  wit!: ;I r c ~ a ~ o ~ i : i l ~ l ~ ~  
~ l c ~ ~ r e c ~  (I[ r.vrt:~i~it!. !,'or ( ,x ; t~ i~l -~l t~ ,  ;I lc~111:iI l.~oil~t 
:ir11111111 1 , ( I ( - ( . I I I - .  i .  , I .  ~ I I C I * I ~ ~ ~ . - , . C ' I ! : ~ I .  ioliage ; ~ t  
2 . y ~  .i I I I , - I ; I I ~ I . ,  I )tq~~:;l:~--tir ; t i 1 ~ 1  ~r;i11(1 iil- : ~ t  ngc 6 
l l l l l l l i l ~ . ,  ; l l ! l l  ! )<lll;l::.-l~;r ;11iti l ! l l ~ ~ ~ l l ~ l ~ - ~ ~ c ~ l ; l r  ;kt :lgtx 
I .< I I I ( I I ~ ~ ! > , ~ .  ' 1 ' 1 1 ~  ! , I?:( , .  ;II-, \ I I J ~ I :  I~igllcr tIl:t~i 1 1 1 t b  

j i i - .  1 1 1 1  :I l,,:l~:,l I ) [ ~ I : I I  :!t,;:i. SOc, ir)r >tIK-iir 1 1 i ; l t ~  

;{I ] I , I ! ~ ;  0 : ( r 1 , 1  1.; l l i ~ ~ ~ l t ! ? ~ .  ~iil!! [ l i t l l ~ ~ l . ' l ~ ~ ~ . ~ ~ i  { ) i l l t ,  ; L !  

1.: 1 1 1 1 1 1 1 1 l ! . .  
. . 

1 . ~ , ~ i ; ; i ]  I:, t q , : ~ ! .  ia I: ~ I , I ; \ I I ~ , I - ~ I - ~  ;i1:(1 \~iz:ir I I I I I ~ .  111 

[ \ i t ,  > I I I , \ \  : ~ ~ I O I : I  i ' , I < ,  -!', 1!1\v I ~!IIC. t , ,  I I I I I ~ - , -  

I I I I . , ,  111.. 1 1 ,  \ - 1 . 1 1  : * 1 ; 1  . , i t ;  <I!.,. t ~ i r t ~ t ; ~ l l ~  1 1 1 t h  S L I I ! ~ .  

; I .  ior I I ~ I I I ~ ~ I I ~ ~  : I ! ; ( !  -':!~tr:l~.,.tf ; , II- ,~.  ~ I I  5t1-:i11*k>-'i 
1 I .  -I':I(.I ; I ! . - )  I 1 1 1  :~.-!i~~ri,l \vi:!i r i l t ,  n l~ l~r($\ . i -  
~li:j~#. I . , ! ~ , ~ I ,  . . ~ 1 , 1 . 1  :I\, b .I,..!,. ~ ( I I -  !ot1/~111!~ 11i1;(,. 
'[.\:I.. 1 i ~ 1 1 ~ ~ ~ -  l ( , t !m;! i  l ~ , j i 1 ! ,  ;;[ i \ \ I ,  ; it1111i(I 1)). l3rix 
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[)R('lI.(;IIT RI:.SIST:\SL-I.: OF C.OSll !I7 

( lCX>O) is pro11aI)ly t h e  to I~ i s  uw of ~iecdles - .!cif~:~i~ l ir , . i i , t i~/~ lrtlrr~l pelt: 

younger than 6 motlths. 'Thc silnilarity oi lethal lcl-o>;i 11i11c' :tricl sug:\r pi1 <T 
~ ~ ~ i n t s  for the four diffrre~lt sl)c.cic.s of pin(> \vhc.ll lt.tl . kt!! ;tt 4.:' ( 1:ig. 2 I fo1 th-  -. rleedlrs of a sitiiilar age wrrr  uscrl is intriguit~g. l l ~ . l , l ,  l l l i Z  \ ; , l i l t  \5.;IS ~tshlllll t ' , l  rv ,,\ the 
alltl further exter~sioll of this mvthotl t o  otIi(:r ltatll:,l ~ ~ \ - ( , l  1 )clug\:l. f i r  ;is: M.cll. data 
s~)ecirs of pine might revml n mi\-ersal  1 :,,,. ll,o sc:,llty l e l  ;lcc.,lrn:rjy pl;lcc. ;, rritica] laha]  
lethal point for Pinirs slq). l ~ o i ~ ~ t .  7'11~ 11c:ir ;tir-dr!.~less ot' 13-montll-old 

loo 7 o gr;i~itl fir nrctlles wliilc. thc ytningcr rlet'tllc5 were 
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o still succrlle~~t r ~ ~ n k e s  an 1<'1' Irtll:~l iroint nlrauing- 
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the l,larlts to\\arcl the rel1tc.r heing the lnost clr~,ugllt rc.>i.tatll 
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S O I L  Y O I S T U R E  C O L T E P T  - P E R  C E N T  D R Y  W E I G H T  

FIG. 4. .';oil i i loi~turc c i ~ i ~ t c ~ i ~ t t ~ . ~ l a i o ~ l  curvri;. :\lll)r<>zi- 
rxate deatli zones are sho\\-~i inr t1i11Il .oil>. the lo\r.c.r 
t,oundary delit~catillr: the hicf~rst tnoi.ture cotlterlt at 
whirl] any plant died ancl tile upl~er brtnnthry, the Io\vc..;t 
tnoi>ture cc~rite~lt at \\ hic!~ ~ l r ~ y  1)I;~nt lived. 

moisture content-te~~sitrn \;llucs aljovc 15 at111 oi  
tensior~. 'The curve5 li:i\.e 1)re.n extr:tpol:lttxtl alro\-e 
1.5 atin, llowever, ant1 rhc range o i  soil moistrlrr 
contents ivithin ivllich tlit! "livcs" awl "die>" ovvr- 
lappetl for indivi(ln;ils of ;ill iivc q)ecies has 1)ec.n 
placed on these cllrves iur 1,0111 soils ( Fig. 4 I 

The highcst soil nloihturc: c o ~ ~ t t ~ ~ ~ t  at which a pl;~nt 
diecl tvas prol)al~ly ci{uir:ilvnt to ;I t c ~ ~ s i o ~ ~  ;rs I ( > \ \  
as  1.5 a t ~ n  for ~ltrnlic(. am1 31 ;\tm for 1)uiltlt.r.;' 
sand. The loivrct .clil 1114-1i\tt1rc ctrrltv~~t nt \vllic)l 
a ~ ) l a t ~ t  livrti \\,a> ~)rrIl~;~l~l!. c,ilni\.:lle~lt t c ~  ;I tc.nsio11 
as liigli 21s l(9 ~ I I I I  ior ~ I I I I I I ~ ( : ~ .  ;111(l ,<O or 11io1.c 
atluohl)h~rcs for .\:i1111. 

S i ~ r \  ival of  coniiclrh :it SSIC"5 cclt~ivale~~t to 
tensions well al)clvo the I .q-arrr~ I ~ c r n i ; u ~ c ~ ~ t  \vilti~rg 
lx)ir~t Ivas rcportctl I)y l.'owrll~ ;111(1 K i r k  ( 1'1-ti I 

f ( ~ r  ~ . ) o ~ ~ ~ i ~ r o s ~ t  l ) i r ~ c e  ;111(l L-rqic 100i J \vl~o it)tl~l(l 
that loblolly 1,irlt. ilictl ;t! ;L 11:1li>t11rt> corltr~it 
eclt~iv:ikr~t to tv11>io11\ I I ( ~ : ~ \ - ~ T I I  .?I.) :11t<1 100 ~ L ~ I I I .  , \I1 
of tllesc v;tluez ;ire I):~zc.tl 1111 5;1!11l)lr> of rel,itiv('l\ 
large soil voltr~llc.> : t l i c *  - o i l  11111istul.c trn\ioti \ \  ithill 
a fe\v niilli~~lc.ter-> o f  a ~.ootlct ; t t  t11t: clt.:~tli lloi~it 
nlay 1)e tnuch liigllcr. 

T11e lnwer tv11hi011.5 of t l ~ t *  11(.:1tl1 x1.111e for 11i111iic.~~ 

>oil ( \.'ig. 4 ,  l~rol,abl? occrtr l,ec:t~~sc. rlic unifosniity 
o i  ~~~i)i- trrr<s rc'r~lo\,;il 111. the prcz.i,+tlrc rlien11)ranc 
; L ~ ~ I ; I ~ : I ~ u ~  ui11l11 not I!(. tlul,lic;~tctl 1)y root., . . ior the 
ccr~i~l~lit.atcvl I M ) ~ < .  z y h l t . ~ ~  11i pt1ti1ic.e. I his woultl 
I I O L  1 1 t 1 l t l  tnrr  i l l  t 1 1 ~  l)t1:lllvrs' s;ir1(1 \vl~ese all pore 
- ~ I ; L W  i h  ~'strr11;11 ;111(1 t ~ ~ ~ ~ ; l t t ~ r : i t c d  t n ~ i . t ~ ~ ~ l e ~ l t  is 
r.tla:i vrly ral~itl. 

7'11t: r:\tc oi \r.ntcr 111overllcnt urvlt!r liigh ten- 
A I * , I I ~ ;  irotu the vesicular 1)unlice l,:irticlrs is slower 
tllali i r~,t l i  s;~ntl. l)rrwnt;il,ly Ibccau>cb of the tor- 
t r l t r l l .  1111rc : L I . ~ ; L I I ~ ~ ~ I I I ~ . ~ ~  ~vithjn cach particle. For 
tllc. .;;LIH\. rol bt r:i~~~ilicatil)n \\.;is prol)al~ly coalplete 
v~lciugll to rc'snlt ill :i r;rtiiOrt~~ \vitl~tlr;liv:\l of \vater 
ir(~11: tlrc cntire soil 111;tss ~tntler l~ igh  tension. 
I;, lr illc 1,t11nicc soil, l ioi~ cvctr. the lnr-~:.ct r~urrther 
(1:' \-csi~.~lInr ~):irticlc> 111;iy Il;+vr rt.;ulte(l in tlu- 
111cro11h I I I L ~ ; ~ I , I ) ( ~ I I  rmervoirs (-rf soil r i~oist t~rr ,  their 
1lc1,1tstic11l 11cirlx tlcl~cr~dcnt l ) r i ~ ~ ~ n r i l y  up011 prox- 
i ~ ~ r l t ~  to ;i r ~ ~ t t l t ' t .  I 111 ,~~ns~  -ccilar \v;is 1)~0h3hl? 
tllc 011). sl~c.(.i(i5 \ \ . l l i t  1; c;inlr slosc to fully occul)v- 
i1l.r t1lc t;oiI rlla?. i:l.i~inr as  uniform withdrawal 
of rnoistu1.r :it high rer~ .~iot~s .  l ' h ~ s ,  thc less t-X- 

tc~isi\.t. r;c~riific;ltion t ) f  rl)cits of pondcrosa pine 
rii;ty ~ ; \ v c  rt~st111c~I i l l  t 1 1 ~  rrl-ersnl of its relative 
~ x ~ \ i t i c ~ ~ ~  \\it11 i~~ct.u-cs-ctrl:tr in thr  ~ ) tn~ i i cc  soil. 
;111(1 III;~!- :1Ih0 :L(-ZOII:IT i ( ;~- IIILICIT rrj tltc' ~ . : i r i a t i ~ r ~  -. 
I I I .  3 .  t < \ c . r ~  i t ) ,  rlic rclntivc-. standing 
oi 5up;tr 11irie ;111(1 g r a ~ ~ r l  tir :IS 11ei1rg the least 
clrougl~t rc~~is t ; l r~t  ;tnd irict~!is(~-crdar. lwjnderosa 
1)i11e, ;I I I ( I  Thi~r~l:i>-fir t l iv  I I I O ~ I  still l~ol(ls t r ~ c  
tllc. l~u~nic t .  ;I> \veil ;is for the. >anti. 

I<s;rct I~.\-c.ls of t l i~ . . ;~  kt11:rl SM.I(' points nlay 
tar!. -cmic.i\-hat \ \ - i t 11  11ifil.rc.11; t l roug?~~  or rccovcry 
c o ~ ~ ~ l i t i o i ~ s .  .\\so. S \ l t .  l ~ - t I ~ ; i l  11oi11t- :trv ~ I I ! ) W I I  

illr rlific*rc>111 C Y , I J : , I I ( , .  t,i l ) o ~ ~ ~ l ; i . ~ - f i f ~  
pro1,;rIrl~ c l i  tTvr \ v i ~ l ~  ( ~ - 4  1 1  \,pr for o11\c'1- speciv<, 
c>l)c~<-i;llly I I I I ~ W  l ~ ; r \ i :~g  :I tviclt. Z V O ~ I - : I ~ I ~ I ( :  di,tri- 
l ~ t ~ t i o r ~ .  
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t ; i i~~e t l  tl~:cn l l l ' l ) ,  ant1 mea.stirerllr.nt oi 1)1'Il f o r  
" ]:lrgV n u n l l ~ ~ r s  of s:tnlplc~.; is  impmctic;~!. 

O P L * Y T  L I V I D  
Tjrir ( lO62) has sIlc,!vrl t l ~ r  n~r,thorl described 

PLANT D I E D  I I ~  3Ior1teitI1 ;IIICI O\V(.II ( 19.58 1 t o  he 11sef111 f o r  
- - IPPALIEI~T LITH.L PDIYI t l t terlllining l-)i'i ) c l i  Ir~t)lc~lly 1)ilie needles. 

\\.cqtllc.rlc.y ;llltl s]:lt!.e~. ( 1 i1.i7 ; sIit-~\ve(I that  when 
lt.;lf ris.;ue I)T'[) oi ~ ' r ivct  :tlitl to~na t t )  \\.:IS tali- 

I10 - 1)mtt.il \ y i t I ~  KT, cnc11 5l)i.cit-I; ha11 a different 
cllrve. 'fllus. if cn1iifc.r ioliagc tissur T)l'D \?'as 
cn]il,l-;ltc(l \,.it11 tlecli~iing 1;?.1C' n t ~ ( l c r  increasillg 
3 r ~ i l  nloistrlre .stress fo r  t11e various c o ~ ~ i i r r s ,  FXlC 

Y I * ? - 5  I45 U X  \voultl not t 1 1 1 1 ~  11c \~.c.iul a s  211 i~itlc\r c ~ i  \ ~ l i o l e  
p1;111t 1 ialrility 11t1t ;\i>o :,I; :i vcr!. rc:i(lily (nl)tai~it,(l 
in(lcs c ~ f  clrc1ugl2t >c\-cbrity. 

( ' ~ j ~ ~ p t ~ i - ( ~ t i ~ r ~ *  , / r~ l , ! / l~ t  i~(3.c~.~/~zrt(-(' f11t. 
fi;*t. r o ~ l ~ j ' r r  spcrirs 

j<F'l;l t iv~ (lr(lllg]it rt,.;iit;~!lcr of t11r v;~riou.z SpC- 
cic-s, if my;lsllrrtl !I!. : t l~ i l i t~  o f  c ) ~ i c .  s1)t.cits to Out- 
live. the ( ~ t h e r  \ \ - I ~ I ' I ~  srt>\vrl togcbtllcr in caris and 

S O I L  M O I S T U R E  - P E R  C E N T  D R Y  W E I G H T  rc..;i.t:lllt. -11qnr. lb i l l c .  : r l ~ t l  grnnll lil. tlir Ic:~.;t. of 
B U I L D E R S '  S A N D  71 c;111, rtq,rv+-:~t!tl i : )  v l * ; ~ l ~ l ( ~  1, tlivrib \\-(TP .% in 
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