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INFI..U:-.:NCl:S OF MICROCLUVIA Tl:S ON MOtlTALITY ANO 
G~OWTH o¡: PLANTEO 'A'HITE SP:tUCE, JACK PINE Af\lD 

lJlJHIT:: PINE1 

By L. B. MacHATTIE" and K. W. HORTON" 

AHS'I RA("] 

Rcla1io1n11i¡1,, hetH'Ct'n ,0111e nlicroclinnnic fortor\' and 1nortf1lity and gro'i-vth 
of ¡,/antcd co11ifr:t.'> H'<'rt' sludied on tite 11orth and .\otah tl.\JJecl,\ ,,¡ a ridgc 
in l~'astcrn (Jntariu. lt r, shov.·n tÍJat interac1ions hetwee11 1uctcoroloi.:ical and 
¡,hy.,iographic facturv ('0111plica1e 1hc ch1,·sifica1io11 ol loc{l/ < /inuttc _,for f)lanra­
tiun f)fll'[Jnses. ( 'orrcfotioni h<'l\\'<'l'fl nrortaliiy of jack ¡;inc and H'hilt· Jf'r1li'e 
u1ul 11u1.ri11run1 1c111perat11re. <utd hcti.t'i'!'ll ltt'i_t:ht gro1r1h of \rhih· fJÍnc and 1nean 

fl'lllf)('r<1llrre o/ tl!e prerio11s \'Jin1nu,r are sugge.,lf¡·e nllher fÍl(tll c,H1clt1\lve. 

SOMMA/Wc 

l.es relations (JUÍ cxi.Henl entre le.Y factl'Urs 111icroclinu1ti!¡l{e,\, la nturta/i((; et 
la crois.w1ncc dr·s < ·onif(,rcs dr planlalio11 ont él!; (:t,u/hfes \'llr le.\ i·crsanfs nord 
cr sud (fuoe cr<;fc dans /'c.\/ de /'<}ntario. l...'action n:ciprot/llt de\· factetus 
nH;lt~urh¡uer et ¡,II_,·,/;.,graphique.\' con1(J{Ü¡ucn1 le c!assen1c111 tÍu clinuu /ocal Ú 

dt·v (i1n de JJ/a11fatiu11. /.es corl'<;htlions uhscr1·,:cs entre la u1ortolít1; tfu pin ;.:ri.r 
l'f de /'epincfft' hlanche el la teu1péra1ure 111axi111u11t, et entre la cruisw1ncc en 
ha111e11r du pin h/anc et la le1npérat11rc nzoycnnc de féti pn;c(;denl sont hypo-
1hi1fr¡11e1· pllllúl ,¡11e pruhawes. 

T111· P1mu1 l'M 

l'I lrnc,,lr~ pr"c!íce ít í, common to louk upon local dímal\: '" ;i tundion 
t,t ítipographic pusitiun~ "'ith en1phasis on aspL'Cl. 1·-nr('st -;Jte~ are often 
da,.dlkd into hroad catqwríc, un this '""is. with many variatiolh ,kpemlí'lg 
un !t1cal condítion:-. a11d ne1..:ds. 1,,'or general desL:riptivc purposl'.., thi-. aprr-oach 
is tL"eful. hut then.' arl." purpose:i in silviculturc which requirc a n1or\; n.:tlneJ 
t:v~duallon of h•t:al clitHate. 

{}Lh.:'ititH1~ ari-~e as to the rclativl· ~i,;nifh.;ant:e o-f t!1e prünary llll'tetirtc tal:h'irs 
tila! 111ak.c· up local climak· p1ccipitation. insolatiun. kmpcratun, and ventila· 
tioo a11d a, to thc interac·tions of thcse ckmcnts with physiography and 
Vl'ge1,,tiu11. ·1 he· answcr., may hdp lo solvc impmtant problcms in artificial 
refurcsl:1tion. J·pr e,a111plc. clin1:1tic l·au~es t.1f -;cedling n1urlalítv n1av be 
i..!l·tcnnineU \Vith ac,:uritc~, and rt:latíonships het\Vecn 1o'-=aÍ clin1ate ai1d see.cHing 
:•r,mlh r,,l<' nwv he, fou11d. lt may be p<1ssibk lo dassífy tbc conmkxítiL·s t•f 
locHJ clirnatc fur lhc effit.:Ícnl lncation of plantatiuns, ~111d h1 rcctn1nnl'nd in 
(ivtad the 1natching of t:ertain spet'ics to t:crtain local cliinat. .. '\, 1 hí ... rcport 
to11t·hc, u pon all th<.'il' lJlll . .:'.'.'itil1ll:, tü a hnlih.·U cxtcnt. hul :,;l't ve" n1aínlv to 
poin1 01ít thc scopc, o! thc whL>lc prnhlcm rathcr than provide ,pc,dlk ans~crs. 

( ··,1,(:··h11t;,111 1\n \! l. hll, . ..,( RL"·~,d\h Ur.ni..:h, lh:pt. pf l;or,·-.tt}, 
\l.~•,1J1•l11,~i,t, lnn.,l !{t•,1...lf~l1 'iLu11.h, Dcpl. of hHt,\try. (ltl,l'\,1; ,,.:1.,1ndt·.l lfom d1t: 
\1t•1,, r.dn;.l,· . .I Brn1ch, lkpt. ot Tr,tu,¡•orr. 
R,·.i·,:rdi \)l!i,:u, ¡;ornt Rc<.t:,tr.:h Hr.rn..:h, lh:pL o! hl11.-..,uy, Ri1.:Jl1l\1111d l!iJL {l11(.\li 1,, 
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TIIF. FXPl'.RIMl·'\JT 

'l'o ohtain conlTcle information on thcsL~ is~ues, a study was initiatcd in 
1954 al :•1<' :'ct.,wawa l'circst t·:xp,·rinll'nl Statiun in L1'll'rn Ontario (l.at. 
45" 5<,', 1 unµ. r¡ ~.l'. t-:kv. M)O Ft.). ll was ninductcd lln a cutowr ,trip 
on < i i"L'L'll R id¡1L·, a north-south-·Ltcing ridgc 1-H' kl'l high, w hich provi,lc·d a 
widc r:ingL' í11 l<1cal clima!<!. A phy,iogra¡,hic pnifilc ís shown in hgun, l. 

in Fe et 
250 ~----2 .... so ______ so..._o ____ ~ _ _j 

1-12 Microclimotologicol Stotions ... .. .......... 0 

L.ocol Ciimate Zones represented by the Stalions ....... f----i 
Oumped Till, loomy fine san d .......................... ¡;¡,,!1] 
Aeolion Cop,fine sond ................................ [:¿IJ 
Precombrion Bedrock Core ........................... E- ~ 

FIGURE 1. ProJih: of Grci:n Ri<lgc showing soil 111:U<.'rial :i.nd loc:1tiun o{ rni .. ·ru<.:lim;\l<.' ~L1tiur1~. 

Thc ridgc is forcsted wilh a mixcd stand. largcly of oak ((!11erc11s r11hra l..) 

ami whitc and red pinc (f'in11s .,tru/ll{s L., P. resinu.,a Ait.), which uriginated 
afler a tire some XO ycars prcviously. In 1954 a lhree-chain-widc swalh was 
clcar-cut alnng a north-south linc 1500 fect long ern.\Sing the ridgc app1uxi-
111a1ely al right angles. Along the centre of this swath in a strip onc chain wide 
ali shruhlwry was removed, kaving only lhc hcrhaccous vegctation. 

Along thc centre linc of thc ckarcd strip eleven microcli111atological stalions 
wcre cslahli,Jwd al points sclcctcd arbilrarily lo represen! the main topographic 
positions. hcncc local climatcs. A twclflh slation (no. ')) was localed on a 
knoll on lhe casi cdge of !he swath. In 1955 daily observations wcrc madc at 
thc.,c ,tations from Mav I to Scplcrnbcr .10. Air kmperaturc at the onc-foot 
lcvcl "'" rcad frorn shicldcd maximu111-mini11111111 thcrmornclcrs: lhc lhcrrno­
mclcrs wcrc randomly rcdislrihutcd cach wcck lo minirni1.c thc clkcl of in­
strumental error 011 calculatcd mean tcmpcraturcs. Tcmpcratures al thc four­
and eight-inch dcplhs in mineral soil (covcred hy 1

• i inch of natural dutr) wcre 
mea su red w itl! hcnt stem mcrcury-in-glass thcrmomckrs. Thcsc soil tempcr­
aturcs wcre rcad at 7: .10 a.m. and are closc to daily mínimum va!ues. Fvap·­
oration mca.,urcmcnls of a sor! w,·rc made with unshielded l'iché atmomc!L'rs, 
placed 011c fo,,t abovc ground levcl. w ilh surrounding vcgctation clippcd. 

lt is dillicult to obtain accuralc and rcprcsentalive mea,urcmcnls o( soil 
surface tcmpcralurc. In this study mercury-ín-glass lhcrmomctcrs wcrc placed 
on thc ,oil which was exposcd aflcr rcmoval of thc dulf !ayer: thcn thc 
therruomctcr bulhs wcrc covcrcd with a douhlc !ayer of hurlap, a prnccdure 
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adaptcd I rom Ha yes \ [ 'J4 [ 1. Half.-lwurly rea<lings of these therr11orncters werc 
111ade un two sunny days. June [ hth and August 9th. to determine the pattern 
ot' diurna! variation. 

·1·n ~tudy vegctation rcactit,ns to local clin1atcs un thc prufilc of (1rccn Ridgc. 
see<llings were planted ah,,ut May [. i 'J5'i, along the centre une-chain-widc 
strip of thc cut ,wath. The four conifers chosen werc th,1sc 111<,st commonly 
uscd in n:furc.'otatio11 in thl' r..:giun ·-- \vhitc pine, red pinl', j~1cl-. pinc (Pinus 
hanloiana Lamh.) ami whit.; sprucc (Picea gla11rn ( Mucnch) Vu.,s 1. ·¡ hcy were 
plantcd in rows apprc>Xirnatcly parallcl tu the cuntüurs and crossing the centre 
linc of thc ~trip at right anglcs. cight spccin1cns of onc :,.,pccics tn a rov., with 
trccs a!lll rows spaced livc feel apart. Thc spccies were assignc·d tll rows 
randomly in series óf four. The planting stock was graded tu eli111inatc weak 
an<l abnorrnal speci111c11s. A total of' 2,080 trccs was plantcd. ali hcalthy 
nurscry transplant stuc~ ( 2-2) übtaine<l frorn Lhc üntariu lkpart111cnt uf 
Lan<ls an<l Forc,ts. Each trec was tagged ami its dcvdllprncnl was rccllr<led 
annually. l 'J55-'>9 i11clusivc. Vcgetatiun which rnight compete with thc plantc<l 
stod. was removed pcriodieally. 

Tu relate sccdling perfmrnanc.; to the micruclirnati<.: rccmds, thc plant1;<l 
:-.trip was dividcd into zonl's running across thc strip; thl' boundarics are 
shown on the prolile in l'igurc 1. l'ach zone has rclativcly unifmm topography 
and hencc. prcsu111ahly, local clirnate. In thc analysis, cach z,mc was designatc<l 
by thc m,mbcr of the microclimatological statilln locatcd near its centre; it 
is assurnc<l that cach station is reprcscntativc of the whuk z,me in whieh it 
is locakd. sim:c a check on performance o[ trccs immcdiatcly around cach 
,tatinn with that of' caeh wh,1le zonc showcd a closc corr.;spondrncc. \lowcver, 
'.'-itatiuns 4- and ) WLTL' incluJcd in une zonc anJ th\,;ir data av..:ragcJ, anJ 
an additi,,nal wnc. 1 OA, was distingui,hcd during the analysis. although thcrc 
js nu rnicroclimatic stalilHl to reprcsent it. 

·1 his IJ1'llllllT ,if divisinn rcsultcd in uncqual numbers of sccdlings in the 
<lillcrcnt zoncs. thc numhcrs varying from a mínimum of twu rows ([6 
..,pl'cin1L'n..,J of l'ach spc~ic-; in each uf zoncs I and 2 to nvclvc row.., in zonc 10. 
•·ur thc as..,c:-, ... nh.:nt ol height gruw'th, son1e sccJling" in cach zonc wcrc on1ittcJ 
b1...:cau:-.c ut k~adcr darnagc, n1ostly causcd by Jecr brow.sing. 

J'h.rsio~ra¡,hic lnflucm:cs 

Hl~lur e nrocccdin!Y with compalisons bctwccn scedling dcvl'lopn1cnt and 
111icrocli111ate, uthcr tactors involved must be consi<lcrcd. As l'igurc I indi.catcs 
thc physi<1graphic .sitc c<1nditions are not unif(ll'lll. The sfope", and contours 
<1J :he' hc,i1uck and ,,,¡¡ mantlc vary eonsiderahly. and the soil depth and 
drai,,.:¡:c· ,arv ac:c,11dingly. '!he predominan! suil matl'rial is du111ped ti!! 
ol ,tony luarny ,ami, but a variable, acolian cap of pure fine sand eovcrs thc 
l<l\hl' !llll th sidc (l.oncs 1-4 ). 

1 ·l,r nnt' physiPgraphic n..'aSl)Il or anothcr, \vhether slL'\.'P slupL', e\.cessivelv 
drainl'd topographic pllsitiun, shallow soil. 01 coarsc soil textu1i:, ali í'.lHl~s 
nvq11 numbcr ~- can he classificd as rclatively <lry siles. Th,· ¡,n:vailing 
n.ctlund ,cµl'tation, particularly the pine, oak and Vaeciniun1 s¡,ccics. suppurts 
thÍs :lS:,1,..':-,:,.fllL'llt. 

Th,·tc ,11e illlwcve1 notcworth, local ¡,oints ut <lill'crcn.;c. Ahout ., tel't in 
cicvation hclow ,tation I a barc sandy rua<lway cross1;s the clea1cd strip. 
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Station 1 is u111qu,· in that thc brnw of thl' Pn·c,mhrian bcdrnck is clo,c to 
th,~ ,urfacl ;ind son1c sccp~igc uf f!rúund \\ :1ter 1,)1..:t.:urs. Station l O t.•n rhc 
:-.outh '-'llupe h;,'.-> ,tn1u:wha1 Hnr:r soll t1.:xtun:. heoc~ rnore n1olstun:-holdJng 
capacitv. thall ,iati,>ns 6 and 7 on thc n,1nh ,lopc. Statio11 8 is rwt truly 
repr1..·se11tatÍVL' 01 the ridge tor xincc ít i\ :,.1tuat...·d in a :-.add'e hclwt.:en two 
kuolh (011 Pllt' of \Vhic...:h stutio11 9 ís -.:~tahli:-.h1 . .'d) and hcncl' rcceivcs soffli2' 

dr:1inagt~ fn\nl :ti,uve. l hl'' 1..'lll'l'.ts of thL"~e fcalur1.'"ic \.Vill he brnu~i.ht PU1 Jatc-r. 

Rl'SI ·1 ·1 s 
'\1icrodimatc 

A comparativc rcport of thc microclimatic data, writlcn largclv from thc 
mctcon,l,,¡!i,t\ vicwpoint, has hccn publishcd by \1acHattic anu 1vk( 'ormack 
( l<Jf,11. Ir, il spatial and scason,tl tremb nf air anti suil tcm¡wraturc ~re 
analyzc•d: and a dcdw.:tion ahout cvapo transpin,tion madc; lhc: clcarcd C.rccn 
Rídgc is ,·omparcd with a similarly ori·.:,nt1:d. lorcst,·d riclgc on which símilarlv 
locatcd micrndimaloloµícal stations w,·rc ,·stahlishcd, a11d si~nillcant rclatc<l 
phcn,•logícal dala ar<.! prcsentcd. Only thc salicnt fcatur<.:s ni thc obscrvcd 
micrndimalic paltcrns on u~cn RiJgc will be co11sidcrcd hcn,. !'hcv are 
~un1n1ari1.cd in 1 ;ígure '.:?.. 

( a i Piche' Fvaporation ---- Thc patkrn corrcspond, clnsdy wilh thc prolile. in· 
crc~1:-.ing with el~vation, a tcndcncy \vhích is allrihutcd to tnen.~asing 
Vl'ntilatit)!l. 

( b) Air Tc111pcraturc --. The pallerns of maxímum and mínimum air tcmpcra­
turc ar1.:. in thl' n1ain, n1irror in1agé<.;: al thc stalions vvhcrc thc rnaxin1un1 
tl'nlpl'ralure is lowcst thc rninin1un1 h:tnpcratun.: is highest. and vict.: 
versa. 1 he paltcrn of tcmpcraturc extremes. like that of Pichi, cvaporation, 
appcar, h> he m,,inlv a result of the incrca"' in wntilation v.hich is 
as-..th.:íah.:L wíth an in¡,;rca::.,e in e)evation. 

'I ht•- Oh)St extreme tcmpcr~1lure:-. nccur al slations 4 and 5, in an ajr 
catchnll'lll pockct. 

I he low maxinrnm air tcmpcrature (and 4" ,oil tcmperalurc) al ,tation 
-, is duc- to sccpngt; water kcC'ping (he ground nlt}Ísl, with consc4u1.:n1 
eVafhn·,1tÍVl' cooling, 

Th.: anomaly of highcr daily maximum ten,pcrature on thc nonh slope 
than t1n the ,outh is cxplained as bC'ing '""1cia1,·d with lowcr evaro­
transpiration on the north-lacing slupc. ·1 hi, in turn may he a rcsult ,,f a 
dillercnL·e in vegt:tation dens(ty ()r routing dcpth, nr n1ay rcsult frt)01 

less soil moislure-holding capaeitv due lo thc stcepcr slopes and somewhat 
cnar-;L'r -.;oib. 

(e I Soíl l'e,np,·rature -- 'lcmperaturc al thc ·+'' depth follnw~ a diffcrcnt rattcrn 
lrnm air tempcrnture. hcing genernllv hi~hcr on thc south focc, than 
on lhc north face iat corrcsponding ckvalioni as a n,sult ,,f greater 
direct ins<>btion n,aching lhc ground ,urface. On thc n<'rth facc a largcr 
proportíon of Jnsolation is inl!.'.'rccpted hy vcgctation (and <lol:s not rcach 
thc aclllal ground surface), Thc -V' ,oíl tcmpcraturc is rdativcly high at 
stations l and 4 which are practíc.illv horizontal and is vcry low at 
se~p~tgi.: st11i1,n ::!'. 
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}"ICLIU: :.. ~c.l.\OII 111c:.t11~ c,f <lall} rc.1di11g., .\1.iy I Sl'pt .. )O, 19'J'J, of tL'llljll'l.1tu1e ;tnd Piclw 
l'V,1por.1tio11 at tht numbcre<l ,t;uiun,. 

W' soil lcmpcraturc ( not shown) al slations 1, 4, K and 1 1, avcragccJ 
for the tour n10nlhs \1ay to August, was found lo parallcl thc 4" tempera· 
ture at the "i<Hlle stations. 

rl he n1axirnurn ground -;urface ternperaturc ohservcd at cach stalil)Tl on 
Jtmc I hth (whcn hall huurly rcadings wcrc takcn thrnughuut t'ic day) is 
shov.:n in l;igure 3, wherc it is plotted against thl.! cxtrc1nc 1naxirnun1 pnc-foot 
air tL·111peratu1c fl)f thc ~un1111er (which occurrcd on July lJtj·1 at inosl ot 
·.r,,· ,tati<1ns). Thc inordinatcly high tcmpcraturcs al station 1 w:11 he discu"ccJ 
latcr. ·1 he low tL·111pcratures al statiun ::! agrec with thc prccedü1g discu'.'-lsion. 
hH the othcr cight stations thcre is a rereeptible trcnd towards lower max­
'murns al highcr ckvations, which again is attrihutcd to thc increase ot 
,eutilatiw1 with elevation. 
St'H'.'-!011 

·¡ he grnwing scason of 1 '!55 was an extreme!~ dry une. Total prccipitat1nn 
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FIGURE .l. Junc 16th nuximu1n gruund :.urÍ.:lt·c tc1npcr.1turc ploucd agai.nst thc !JC':t.\on's rnaxi­
mum one-.fovt .1ir tc1nper2ture. 

at thc Fxpcrimcnt Station for thc fivc months uf May to Scptcmhcr was 
8.81" comparc<l with 15 .36" average for thc prcvious 20 ycars; thcrc wcrc 
only 41 rain days (pn:cipitation 0.01" or more) comparcd with 51 for thc 
average. 1 he months of May, Junc an<l Scptcmhcr wcrc particularly dry. 

Mortality 

During thc summcr, mortality of thc sc-c<llings pbntc<l about May 1 was 
exccptionullv high - - about 50 pcr cent for cach spccics. Actually this was 
fortunatc for the cxperimcnt since it acccntuatc<l thc dilkrences hctwccn 
sit<.>s. fhc variation of mortalíty with topography is shown in Figure 4. 

Onc might havc cxpcch;d thut the general pattern of mortality would show 
sorne corrcsp,m<lcncc with that of Piché evaporation, increasing with the 
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l•((;lfR[·' 4. ~1oru1ity ob.,,:tvf'<1 Au~. 1.7, 19)), of '«!t:Jlings plantcd ah,;ut ~i.i:v J, {(J5); Jnd 
hi;ii,;ht ¡!rowth for thc four· rcar pcrioJ 19 }ó-'J9 inclusive. 

clcv;1tion of thc profíh.: on both a,pccts. particularly in thi, tlroughl.y ,c,h,,n 
"hrn thc ncwly planlcú ,ccdlings would be suhjcctcd to wilttn¡' 1 Macl-fattic 
anú '.\lcCormack 196 f). But in so for as th.:rc was a relatíon,hip bctwccn 
mortaltt; and Piché cvaporation, it was an inversc one. Por instarn;c, on thc 
,outh a,pcct, whcrc thc slopc is fairly uniform and hcncc tlw .:lfoct of 
clcvation should be more apparcnt, lhc average mortality dccrcascd rathcr 
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than increasi·d w;th dcvation. This anomaly is prohahly rclatcd to the Piché 
atilHHJH.'tc:· hl'Ínµ. a bclter inJicator of vcnlilation than it is of drnught. 

\.Vhl'11 r;HH·t·.1¡itv \Vas con¡pared \Vith n1a~i,nun1 tcn1per;.1tur~. sorne fL'iatiun .. 
ships \\l'í'L' :·l,i1nd YVhich appi:ar to be signillcanl. But r~1e si1p1iticancc of curA 
J"L'iation is L't1nriitional on thc ornissi.on uf sfation l data frorn thc calculatú>n 
uf corn:Li!il11¡ L'UL'fficients. ··rh~ r..._•Jationship.'-1 wil[ he dL''-ILTihcd lir~t: thcn 
r..._•astHI"i lor un1itting ~tation I will he consjdcrcd. 

Morralitv "f stcnllings in l 95:, was plottcd, ,pccics by spccics, against 
Junc I Mil surlac'.l.' maximum tcmpcraturc. No rdationship was round lor 
white or n·d pi11c. But fur whitc sprucc and jack pinc a trcnd towards higher 
ntortalitv with :,i¡!lwr tcmperaturc appeared; this is shown in Figure 5. Omitting 
statiun I datta. th.: currclatiun coetricicnts are .78 lor white spruce, and .76 for 
j¡¡ck pinc. lhese rncllicients lic hctw,·en the 21 ; (.7)) and ¡,; (.80) levd, 
ot' s¡gnillcancc. 
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Surface Ten,µerolure ;n ºF 

l·'ICURF "i • .\1ort.dit~' May-Au¡.;., 1955, plotted ag:1ir1.~t thc Junc lúth 111:iximum grounLl surÍ:lCl' 
lt.'ll!fH,:r,1tun:. ( ,:rrcl,lliu11 Lodficil'nt~ (L'l.cludin¡.: ~tJtiun I d.1t.1J are ¡.;:iVL'Jl. 

Thc acluatl maximum tcmpcraturcs to which thc sccdling stcms wcre exposed 
during Junc :1:·e thuught to havc heL'n cunsidcrahly higher ncar the duff surface 
than tllllsc ,,h,ervcd al thc soil surface on Junc 1 <>. hccau,e: 

(a¡ the hcal conductivity and the hcat capacity or fine dry dulf material 
are 1nud1 lcss than thosc fur thc mineral soil on which the thcrmomders 
WL'rl' rcsting: ~o fnr the sanll? incun1c of radiationai l'nl'rgy thc 
tempcraturc wuuld risc highcr. ((;eigcr l 9'itl, p. 29_1: 

(h) Ju11c llllh was nut thc hutll-st day in June. 
()h"i\.'f"VL'd ground surface ten1p1.?raturcs arl? uscd in Figurl? 5 only as an 
indication llf thc prohahlc ranking <lf thc stations with rcgard to dulf surracc 
lL·1npcrat u rL'. 

Whc·n thc mortality data wcrc plolted against extreme maximum one-foot 
air temperature for thc ,cason. white ,prucc was thc unly sp,·cics to show a 
significant rl·~ult o:igurc 6~. lf wc again on1ít statÍlln I Jata, the correlation 
cuctricicnt is .94. Practically thc ,ame cocll'icicnt was ohtaincd when thc 
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J l(jl;H,i'_ 6. \l;-'liitl..' ~prw.:,.: murulity May 1\u;,;,; I'J5'>. plotr~d ;1.~,1inht dw ... c.1\011\ m.1;1.1nn11n 

u¡;,.; fo,•t .1ír lUllpl'.r;1lun.:, 

ave.n1gi: of thl' fivc highcst ot' dai!y n1¡¡xln1um air te1nperatllrc..., Hl \..'ach statÍon 
wa~ u!\cd in pla..:i: uf !he singl1: extremt: n1axin1u1u. 

( ·un,ickr nm, the station I Jata on rnortality v,:rsus maximum tempen,ture. 
Som.:thing is o!wiou,lv odJ whcn lhc ,ui! surfacc tcmpcratm.: is ! 1 H' F on 
u h1 · norlh·facing ,Jope, whílc the highcst tcrnpcrature un thc adja.:<:nt :i · 
suuth-focing slupc is 110° F. ·r he original rcport on lh<: mic-rrn:limatc: of ( ,rc·cn 
R'dge (Mac!-lallk and McCormack 1961.l attributcJ th,: high ,oíl ,urfm:.: 
tcniperatli.t~s at station l hl the org:anic n-1attcr which w11s '.:'\llh:s.L'l}Uc11tly found 
m,xcd w;th thc mím,r¡¡I soíl at thc point where sta1ion l surfacc lhcnnomctcr 
\\''4\S l., no;,<:d. 

: ,,ukinJc! at l'ígurc .l, ít is appa1c·111 that if thc statíon 1 ;na"lflU n "'íl 
.'ILJ f~t ... l' tt.·n1p(.'raturc i:-. odd, ~o is th1..· rnaxirnun1 onc~foot ~iir ':t'lliJ1CI atllft'. 

l'msihlv thi, is beca use thc station I sitc was more prolcckJ lrnm w ind lhan 
th,: oth<:r siles and the thcrniomctcr shickl overhcatcJ: also the I l'lkction of 
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solar radiatiu11 fron1 the barc ~andv roat.hV,JY tnav have bcen a faclor. 
H<>wcv,·r. 1h,, ,. í, no way nf n:adily. chccking .on th.csc ,·onjcdurcs aod thc 
n·.lcc1íon ,,r ,talitm I data r<:mains an arhítrarv dccisí,,n. 

·1 h.:n: arc lw,, poss,hlt: cxplanation, for corrl'laliun, of rnortalitv wíth 
maxinrnm lc'mp.:,·alHrc: hcat ínjurv of stcms, ami S<>il drouµht. Thesc: t:lfc'cls 
are 11<1( ,eP . .rat,·. lor sccdling, un: more susceptible lo hcat iniury whcn tlwv 
are sul'>jcclc·d simullaneously to drnughL 

Thc scn,ilivity ul jack pinc to high soil surfacc tcmperaturc implit'cl hy our 
rcsults ma, appc'ar surpri,ing considcring the Xl'fopln tic tcndency ol jad, 
pinc, hut stlldí1:, in thc 1.akc Slatcs (Shirky, 1')3(,. /\non. l'ITn havc indícatcd 
tbat high stllfacc !L'm¡JL'raturc fr,•411cntly kili, ,,r injurc, jark p111c· s,·l'dlinp, 
( int'luding : 1 , ,ear old,) and that heal cause, gr,·atcr rnortality than dwught. 

·¡ !w clkch nf lwat iníury are not nlways arrarcnt imrncdiatl'lv. Rderring 
to llrsk'; wo1,- wíth 1-0 loblolly pínc sccdling,. llarc ( 19611 states: .. lvkasurc­
mcnt of suh,equent growth is thc mo,t rdiabíe rm:lhod of assayiog phv,inlogical 
hcat íníurv ami ,,ften lhé most practica!, hui sufficicnt time must he :tllowcd 
to assurc that ,klavt:d c!l'ccts will not he misscd. Ursic found that nuu,y pinc 
secdlinµs app.:arc·d normal for two months hcfore they ,fo.xl of hcat trcatmcnf'. 
lk',aust: th, 0 re,ults of hcat injury may tlrns he slow to appcar, it is possihh.: 
tbe cxt<:nt uf mortality duc lü hcal has hcl·n undcn:stimakd generallv, in !he 
litaaturc. ill lavour of drought. 

Hcif,:hl Growth 
Height c<>111parisons wcre ohtaincd by dctermining thc average lcmkr growth 

for cach ,pel'Íl's and station ovcr thc J 956 growing scason, and for lhc four­
ycar pcriod 195<, to l 959 inclusive. Variations in thc hc·ighl nf lhc gn,wing 
stock wlwn plantcd in 1955 invalidatcd thc u.se of total hcight in 1 <J5'1 as 
thc growlh criterinn. Thc 1 '!55 hcighl growth was cxcludcd lo allow lor 
individual variation in adju,lmcnt to n.:-cstablishm.:nt folh,wing transplanting. 

Spl'dmcn, affectcd by dccr hrowsíng, tliscasc or inscct damagc wcn: cx­
cluded, cxcept in thc case or jack pinc whid1 was hrow,cd so thoroughly that 
the 1mdamagctl trecs formcd an ina,kquatc sampk. lkspitc t\.iis damagc thc 
jack pinc ,,utgn:w thc ,,ther ,pcde, in practically cvcrv zonc. Thc avcrage 
hcight gr<1wth of ali jack pinc is use,!. 

Thc to¡wgraphic variatiün of hcight growth fnr thc four-ycar pcriod J 956-59 
ís shown in I igurc ..J. On<.: míght havc thought that growth would he pm>rc,t 
whcrc mortalitv was highcst, but thc rcwrsc sccms to havc happcncd. Hcight 
growth follmvcd much the samc pattcrn as mortality nvcr most ol thc prolilc. 

Duff and Nnlan ( 1 'l51) found that shoot growth in r,,d pinc is largclv 
,ktcrminc•d bv thc growing 1:ondítíon, of thc prcvim1, .\ car: Mikola ( 1951) 
slatc, that height growlh in Fínland is closdy rclatcd to the tcmperaturc 
during hud fnrmalíon ín thc prcccding ycar. ( 'omparing our 19'.ih hcíght gmwth 
data with thc 1 <J55 microdimatc data, no signiñcant correlation, W('fC found 
with Pit:h~ cvaporation, with sea,onal mcans of daily rnaximum air tcmpcra­
turc or of mínimum air tcmpcraturc, or wilh mean diurna! rangc in air tcmpcra· 
ture. Thc 0111\ significan! corn:lation found was hctwccn white pinc hcíght 
growth and mean air 1cmpcraturc, and this was conditional on omission of 
station 2 data. lf thc cxccptional ht:ight growth of slatíon 2 ( whích was douhle 
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that to be cx.pcctcú on thc basis of íts 1<:mp,·raturc) is attributcd t,, its perp.:t­
ually moíst soíl. thc rcmaining ,tatíons givc a corrclalion rncll'icícnl of .83 
í p .o 1 J lor 1956 héigh growth vs 1 'J55 mean aír tcn1peraturc. 

",pcc1cs úitfcrcnccs in hcíght grnwth, wcrc ckarly pronourn:cd. with jack 
pinc hcíng sup-c:rior ín r,11 zoncs, particularly on thc nllrth slopc. \.\ hite sprucc 
"ª' 1he slowcst gro"íng sp,·cics in ali zoni:s. ·¡ hcsc intcr-spccic, dilfcrcnccs 
rdlcd ncirrnal carly grn;vth d1ffcrcntials. ·¡ he four spccics maint.,iu thc samc 
rdatívc hcight posítions in most Loncs, corrcspondíng to thdr accq,tcd onkr 
in the shadC··h>lernnc" scak. i.c .. thc kas! \okrant ja<:k pínc is talle-si. anú thc 
mosl toleran! v. hite .,prucc .shorlcsl. Thc notcworlhy point is that !he dílkrcnccs 
" lrn:al dimatcs hct\\<:cn zonc, did not apprcciahly atfct:l thi, ,,r,kr ovcr thc 

flr,t kw critícal years alter plamíng. 

CoNcLus10N 

Thi, study relates ohsc,rvatíons of summcr scason smfacc 111ien1dimatc to 
pcr lurrnarn:c uf plantcd conífcrs. Thc rcsults inúkatc corn:latíun bctwccn 
mortalíty and m,c,irnum grmmd ,urfacc tcmpcrnturc for jack pínc. hctwccn 
rn,1rtalitv anti maximum air tcmpcraturc tor whítc sprncc, and hetv.cen hcight 
growth anti mc:an air tcmpc:ratun: of thc prcvious summcr for whitc pínc. 
·¡ hen: í,. howcvcr, thic po,síbílity that thc tcmpcratmc-mortalíly corrdations 
are me1 elv ,ymphimatíc of somc particular wcakncss in thc spccifk planting 
such as relatívdy poor root-shoot ratio. This could not be ddcrmíncd Jrom 
avaílable data. 

No co11dations wcrc found betwccn Piché cvaporntíon and cithcr mortality 
or hcight grnwth of thc scctllings. 

hon1 a hroad vícwpoint thc re,ults cmphasizc thc complcxítv ,,t local 
di1nak in relati,H1 to ,ccJling ,urvival anJ growth. Rcgard,ng tlw intlucncc 
,,, toP,>¡,:ntphy. (ieig,·r (_1950) has pointcd out thc major impollancc ot a,pcct 
J,uirig lhc tlay, anú of u1ld air collcction in low arc:a,; a! night. ·¡ his ,tudy 
crt1pha,í1.c, !he additiu11al slrnng ínlluence of soíl moisturc on loeal climatc, 
ctntl thc ,b)lÍme si;milicancc ot rclativc clcvation. lncrcasing ..:kvation usually 
flll.'Hns inc1ensing vc11tHation1 and increa:·dng evapotranspiration. l)ecrcasíng soil 
H1obtun: i._:an n1cttn Je\..Teasing evapotranspiration. hcncc incrcasing rnaxi,num 
ll'mperatwi:. lt is sc<:n that classilication ol local clinrntc in t,:rm, u! aspee! 
al,,,,.., is or ver v limikd utílity. 

llltl'rnction, hctw..:cn metcoríc anú physiographic factor, ine1c,hl.'. 1hc t!i!lí­
cult, of distinguí,híng tht: dkcls of inúívidual tactors on sc<:dling sdrvival anti 
growt h. Thc dirt:d clkct of soíl varíation on seed!ing perfo111rnJ1cc cunnut 
11:adilv h<: ,cparatcd lrom thc ímlírcct c!fccts opcrativc throt,~h ,oi),klca1 
1.:li1nat..; ính:ractions. 

R l'.FERJ'NCES 

:\ . ....,~l"-., •'11/, Tk.\l nu,r,.- niurwu:1, tl1,111 lad:1, uf nHJhtur.._· durin;.; ihou.dil. ti.\. 1kpt. At,;t., 
J .1f..1.. )t.1tt.:'> !-'.!·.,..;. 'f1:ch. _\1,té ,'Jo, 1~1: 1 p. 

H ll. <.;, ll. 11hl \. J .'\{H.1\~. l'r)L (iru\\'ch ;tnJ m\1rphogc11t..,¡., PI 1:,i ( .:1ut!Ltt1 tt•to..\l 
,¡,.._ .... ¡,'{, (. Tht· t:miuol;:, uf thc ,:.11nbül ;1.nd ;1pi~·al :11..'.tivity iu P1nu, ri 1i111",1. l .,11. J, But.iny 
~ j. t !f.s_i l t 

Id 11.1 !{. H .• l'llll. f li111,1ü· flt',tr thc ~ruu111L 11.H"v::inl l:n.ív. !'re,:;. 
J¡,\I{'', Rtll~rl(·¡ (. 1'11,f, ik,1t dkt-'t\ Ull livinr,; pbnt\. u.s. h1n.:.~t s~.._., \11.;l;H:111 F.F.s._ 

{ ),.:é,t~i11nJJ Pap,·r í 8 l. 
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