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Tolerance of Seedlings of ponderosa pine.
Douglas-f ir ,  Grand Fir,  and Engelmann Spruce
for High Temperatures

Abstract

Thc heat ro leraace ol2.  ro r .$eek or ' r  sec, I ins.  L, l  po, , ' rerc.r  ! tDe ( / ' i  n^ / 'da,roosa Dou91. cr  Lars.  ) ,  Dorglas tn \pkuda^usaz p : : i e , ; ;  ( I I i  , ) F L a i . o J , e r u . t n ( . . 1 b i e \ s r o t , t , i D ^ , s 1 . . , D . o " o r i , , , r r . r , , " , t e , , e " l i o n n " 1 u u u . V u * " , g " t o * * , i i y ^ u ,
er  t 'ngelr ' . )  fas , lerern, ined *d . .nrDa*r  bv . \ fos ing lhen,  ro !aJious t i . "  , " .p" ." i "*  - " , r , i , " , ; " " .  i "  "  . , i , r .  , . , " ,  l * r , r ;apparulus. , l$suni \ r l  curvts indicat i r rg rhe t i rne tenrperarure comLinat ions that  iesulred i r  approxrmar. t r '  equal  surv ival  were. ( ' ' s h . l c d l o | | ! c h S l 1 ' i e s ' s l n a l l ( 2 t o 1 . c ) ] r u t 5 i g n i f i r ' a n t r J i 1 | e r e n r i ' s i n h . l m r . . . j . . . m , . o .

i i l  i i : i l i j l "  
greahst  rorerance rnd E"gernra ' in spruce thc rea. ' .  o*gr" ,  n. , , , ,1g*"r : r  l i r  rvere goera y inrr : rn ierr i r re in

Introduction

Morlal i tJ of natural rcgencration cluring the f irst
growing season is conrrnon on marrr clearcut and
shelterwood units in central Orege,n becausc of
high soi l  surfacc temperalures. Although the
lethal high temperature range for tree sectl l ings
as rciated to t ime of exposure has been establ isl-
ed  i n  gene ra l  (Bake r  1929 ,Lo renz  1939 ,  Sh i r l ey
1936), there is considerable r,ariat ion in results
because of the varietr '  of experirnental methods
used. Because comparisons of the heat tolerance
of coniferous species in the Pacif ic Northwest are
scarce (Minore 1979), nrore specif ic infornation
is_needed on the t ime-tempcrature relat ionships
of najor species. Such inlbrnation coulcl be us_
ed $ith data on soi l  surface temperature obtain-
ed rn rcgeneratiol l  units io bctter ovaluate causes
o f  secd l i ng  mor ta l i t r .

T h e  1 ' u 1 1 ' u - e  u t  t l r i .  i n r " . r i g r r i o r r  r r a .  r o
es t l na te  and  compare  t ho  re l a t i onsh ip  bc twecn
secdling survival and t ime o1 exposure to high
I " n I l ' e r . r I u r ' :  t u r  l , , , r , l , . r a s i r  l i r r e  t p l n a o
p . ' n ,1 ,  t o ' d  Dnue l .  e r  La \1 - . r .  Duug la . - t i r  ( p ,aaJo r
suga rnenziesi i .  (Mirb.) Franco), grand f ir  ( l6ies
grandis (Dougl. er D. Dol) Lindl.),  and Engel-
rnann slruce (Pit:ea engelnannii  parry ex
Eng"  I n , . 1 .

Materials and Methods

Seed fgs and Soil

Seeds of Douglas f ir ,  grand f ir ,  and Engelmann
spruce $ere ohtained fron the USDA Forest

Service Wind River Nursery, Giffbrd pinchot Na-
t ional Forest. Thcse seeds were original ly col_
lected in the Mount Hood National Forcst
(Barlow and Bear Springs Ranger Disrr icts) at
an eleyal ion of about l l00 m. Seed from
ponderosa pine was col lccted in thc pringle Fal ls
Experimental Forest, at an elevatiod of about
1500 m. Soil  uscd in thesc tests came from the
upper 25 cm in the l lxperimental Forest. This
soi l  is a well-draincd Regosol developing on
Mazama pumice.

Experimental Design and procedure
' Iho 

experinont was a completely randomized
design r i th a 6 x B factorial arrangement of
treatments tor each specics. Six temperatures and
elght cxposure t imes rere used. The tern_
peratures tested vere 48.9, 5I .7, 5,I .4, 57.2, 60.0,
a t l d  62 .8 "C  (120 ,  125 ,  t 30 ,  t 35 ,  140 ,  and  l 45oF) ;
l he  t lmes  o l  exposu rc  i { e r c  l ,  5 ,  10 ,20 ,  30 ,  60 ,
lB0, and 300 minutcs. Fl irch of the 48 trcatment
combinations las repl icated twice.

Seeds were germinatcd in vermicul i te, anrJ
ten germinated seeds (radicle I  to 2 crn rongl ryere
planted in the Nlazama pumice soi i  in rectangular
boxes (30 x 6 x 12 cm) in a singlc row about 3
cm aparl.  Boxes wcre placed in a greenhouse and
secdlings grcrwn for 2 to 4 rceks i t  a24to32oC
d r r  a n d  b  t , ,  l 0 o C  n i { h l  I F n r l , F r a r u r F  r r . g i r r p .
r i th a l5-hour photoperiod. During this period,
lhe soi l  l las rqel l  ryatcred and scedlings did not
expcrience w ter st.ess. Seven to ten seedJings
wcre present in cach bol when lreatmenls r,ere
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applied from March through June l98l.  Barches

of seed *er" gerntinated at various t imcs during

this period so al l  seedlings ncre 2 to 4 wecks old

\|hen treatments lvere aPPlied

Heat was applied direct l l  to the lower stcm

of thc seedlings by mcans of the 
. 'dr l  water

bath" rechnique developecl by Si len (1960)

(F igu re  1 ) .  Coppe r  t ub ing  connec ted  t o  a  c i r -

culat ing immersion heater in a 1r 'at(:r  bath was

p l a c e d  o n  h . , t l r  - i , 1 , .  o f  l h c . . ' d l i n c s  a n d  p r ' ' " -

e d  f i r m l .  a g a i n . l  t h '  - ,  e d l i n g .  r ' i t l r  r l r m r ' -  \ "

visible seedling damage was olrservcd from use

of the clamps. A thcrmometer in a copper tube

attached to the tubing next to lhe seedlings ras

used to measure the temperaturc at the base of

the seedlings.

was not appropriate. To i l lustrate the effect of

t ime and temperature on survival,  observed

means of each treatment were plotted as a three_

dimensional graph fbr each species. Isosurvival

curves that est imated the t ime{emperature com-

binations result ing in survival of 10, 30, 50' ?0,

and 90 percent tr f  the scedlings i{erc constructed

lor each species using curvi i incar equations ot

the lorm:

. .  , ]
Y  -  a  +  b ( I  -  c  ' ) " ;

Where Y = tc peralure, x = t ime, and a, b,

c, and d are re€lression coeff icicnts. To develop

these curves, percentage of survival rvas regress_

ed on temperature for each l ime period The

F i g u r e l . . . D r r s a l e r b a t h ' ' a p p a r a l u s ' v a l e r i s c i r c u l a t e d f r o n w a t e r b a t h b ! i m m e F i o n h c a t e r r h r o o g h c o p p e r | u b i n g l h a l
sur rounds sccd l ings  ( represcnted  br  q  t ips )

i

After secdl ings in each box receivcd a spccif ic

t ime-temperature treatment,theY weie returned

to the greenhouse ln November 1981, the

number o[ surviving seedlings in each rcpl ica-

t ion lvas counted and the results expressed as a

survival percentage. Because oI the manr treat '

ment combinations thal resulted in 100 or 0 per-

ccnt survival,  a standard two_rla1' analysis of

variance to test lhe t imelemperature intcraction

time-tetnperature data for each survival percen'

t age  (10 ,30 ,50 ,70 ,  and  90 )  I ' as  t hen  ob ta ined

b,l  reading the temperature at the point where

each t ime curve intersected thc survival percen'

tage abscissa. To tcst for dif ferences in heat

l , , l r f ance  a rnong  -pe , " i e " .  a  r i ng l .  a r , ' r aq .  i ' o ' u r_

l ival cutve rvas constructed for each spccies and

then convcrted lo l inear form b1 a logarithmic

transformation of l ime. These l inear curves uere

Seidel



tested for signif icant cl i f f trences in slope or lelel
l u  d l . t e rm i l | e  r l  i f f , . r e r r I e .  rmonA .pec i . - .

Results and Discussion
Both the temperature to $hich seedlrngs 1'!cre ex.
po . "d  und  t he  l eng rh  , l  t h "  . r po . x1 .  h31  , r . . -
n u u r '  c d  c J l , . . l .  o n  - e n d l i r r g  - u r r  i r a l  f u r  r l l
. pec i ' . t F i gu res25 ) .  l r  , , e , , , r  i . l , , n r  t I r t  r i n re rnd
remperature tnteract st.ongh to affect seedling
survival.  For ponderosa pine, for example, an ex-
posure l ime of lB0 minutes at a temperature of
4B.BoC resulted in rhe sarne sun ivd (f00 percenr)
as an eriposure t ime of I  minute (Figure 2). But
exposure ro a temperature of 54.4oC resulted in
100 percent surr ival after I  rninule and odlv l5
p . r . c n l  . u r r i \ a l  J t t p r  2 0  m i I l u r c 5 .  l h ,  " t 1 , . ; l  u l
t l i f f e r ' r 11  1p r1O. r " ' u r1 . -  d t  a  1o1 . t n1 t  r i 1 r , ,  r \ a :
ec{ualh clramatic. After I  minute of exposure
there nas about a 20 perccnt r irop in survival as
lemperalure was raised from 4B.B to 5?.2oC.
{ ' h " r r  . eeJ l i r r g .  r r n re  , , \ po .eJ  f o r  20  rn i nu re - .
no \1 , . \  e r .  s r r r \  r \  u l  de ,  r , a .e , l  f r , ,m  B :  t u  0  p " r " , ,  I
t l i l h i n  r h p  - a l | r , , t . m l , r r a t u r e  r i r n g . .  \ 1 t t h  m n - t
n l  l h e  n r o r l a l i t \  t , , . u r r i n g  a r  5 4 . l o C .

^. 
The response of ponderosa pine and Douglas_

l ir  to the treatmcnts nas sirni lar exccpr survl.al
o l  po r l l . r u .a  p i n r  r , a .  gcne r r r l h  l r i gh , . r  a r  4g .B
. r t r d  5 l . B ' C  r F i s u r p -  2  r n d  3 ) .  \ n  - , , . , l l i r r s .  . i
e r t n ,  r .  - pp r " l c :  : u r \  t \ ed  rp r r rpF r r t u re .  n l  J l . l oC
n r  h r s l rF r  \ \  hen  e \pu . . d  l o r  30  m inu t . s  o r  l . nge r .

Crand f ir  and Engelrnann spruce scedlings
were generalh less to)erant of high temperatures
fnan were ponderosa pine or Dougias-f ir .  Morc
trealment combinations resulted in no survrval
(Figurcs 4 and 5).

LIsing the basic t ime-temperature suri .rval
data, a series of isosurvival curl ,es rere calculated
for each species to shou seedJing survival rvi thin
the range ol t imes and tcrnpcralures usecl in this
studr (Figure 6). I 'hc curres i l lustrate thc
negatrve exponential relat ionship erist ing bet-
ween t lme and tcmperature and sho$ that a short
pc r i od  o fh i gh  t eu rpe ra tu re  r csu l t ed  t l }  t hc  same
su r \ r t a t  r a t c  as  a  l onge r  pe r i od  a t  a  Jo r re r
temperaturc. As t intc of exposurc incleasco lrom
0  t u  a l , u L r l  l 5  m i r r u r e . .  r l r , . r c n r l r c r i l l u r c  l l r 1 1 t  r
. t . p d r i n L . ,  u u l J  t . l , r r l ,  d , . , . r . J . p J , l r r r n a r i " a l l r .
\ t  o n L ' e r  ' \ L , , r . u r e -  t , , ! , . r  t , 0 , n i t j u t p r ,  t l r p  e l t , ; l
of t ime Ias less important in secrl l ing rnortal l tv.
I  est imated, Ior e-xarnpJe, that about 30 percent
o f  Doug las - f i r  seec l l i ngs  rou ld  su r ! r \ . e  a

temperarure of 57.6oC for 4 minutes (Figure 68),
h u t  a t  b 0  m i n u l c .  t h e  t c t n p p r a t u r e  m u . l  b F  n o
h i s h . r  t h J n  a l _ ' u u t 5 l . 2 o C  l u  o b t a i n  r h c . a r r ,  r a t c
of sun ival-a dccrease of 6.3oC. When t ime of
c-\posure increased l iom 90 to 300 tninutes,
however, the tcmperalure to obtain a 30 percent
-suryir-al ratc only decreased from 50.8 to 50.0oC.
Silen (1960) reports simiiar resulrs lbr heat
t ir lerancr of l+reek-old Douglas-f ir  seedlings.
About 30 percent of his scedl ings survrvecl a
temperature of 60oC for 4 minutes, anrl  a
temperature of about 54.4oC for 60 minutes
resulted in the sanc rate of survival.  No t ime_
rcnrperature data uere avai labie for grand f ir
aftcr 60 ninutcs bccause al l  of thc treatment
combinations resuited in zero survival (Figure
6C). These curr-es lhereforc have a l inetir  f i , rm
after 60 minutcs in contrast to the morc real ist ic
gradual decrease in lcmperature rvith t irnc of the
otlrer specres.

The t irnc-temperature isosurvivar oata are
sunrnarized io Table I for the four species for
the 5-..1o 60-minute range. pondeiosa pine
gencrai ly was abie to withstarrd the highest
remperatures at any exposure t irne, Engcimann
sprucc as the least tolerant. Differences of 2 to
4oC in heat lolerancc were found betrvecn these
.pec i r . .  D , , ug la . - l i r  i r nd  g r i r r d  t i r  se r .  i n .
tcrmcdiate in their resistance to heat; thcy t l i f -
lered bv only a fract ion of a degrce at some t imes
and  su ry l va l  r a tes_

Statisl ical analvses of the average rsosurvival
. u r vp5  : ho$ed  thc rp  \ l , , r c . i gn i t i can t  d i l f e r , , n , . ns
( P < 0 . 0 1 )  i n  l e r " l .  u t  r h e  p u r r d . r e - e  I , i n e  ; p l
q ra ,nd  l l r  r , u r \ ,  s  d  . l  bp l$cpn  I he  pund r ro -1  p ine
l l no  LngF lmann  :p ruc .  . u r \ p . .  L ^ \ t s l q  o l  t he
Douglas-f ir  and spruce curves also dif feret l
signif icanth (P <0.05); dif ferences berwecn
Douglas-f ir  and gradd f ir  curve,q were signif icant
at lhe l0-percent level.

,  
Bascd on this studl. ,  the relat ive heal

l o l ' r J n . e  i , l  1 , , x n 4  - , , e , l l i n g .  o i  r h e . " . p e r . i e s
r rnm h rghp - l  t o  l o r r , - t  i .  u .  Jn l l , , u . :  ponde ro .a
pine = 

_Dou 
glas-f ir  > grand f ir  = Engelmann

spruce. Dircr:t  conparison with othcr stuclres is
dif f icult  bc'cause of dif fercnces in seed source,
age ol seedlings, and experimental technique, but
ponderosa pine is considercd to hale a high
degree of heat tolcrance (Roeser 1932). These
rcsults agree lr i th the distr ibution of thcse specres
r! i thin plant conrmunit ies along an elevational
transact on thc east slope of thc Cascade Rangc;

Toierance of Seedlings lor High lemperaturcs
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Figure 6 ls .sunira l  curv.s of  r0 '  30 '  s0.  i0,  md o0 perfnr  hr  2-  to l .s i rk orrr  redr i rss:  (A) pon.rerosa pinc,  (B) Dougras-f i r ,(c)  gt 'nd l i r ,  (D)Engdnann sprucc Each turre g i \ ts  e. t ,mares L, t  Lhe !ar iuus t ine-renrperarure comlrrarrons resulr i i ,grn equal  surv i rat .
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TABLE l  femp ' ta tu r ' !  ( ' c )  resu i t ing  i .  cquat  su .v i !a l  rmoDg four  !pec ies  a t  iou .  r i ' r .  per iods  5 !  percenrage o t  surv i ra l . ,

50 per. .nt

5  n i r
2t l  Din
30 nin
60 min

Douglas f i r
5 nr in
20 r ,  in
3 0  h i n
6 0  n i n

crand f i r
5  n i n
20 rn i r
30 mnr
60 nin

5 min
20 mir
30 min
60 nin

59.0
55.9
5.1.9
;3.5

58.1

51.5
53.0

56.3
52.1
52.1
5 t . 8

56.B
5,1.I
53.3
52 .1

55.0

52.1

56.8
53.6
52.6
5 t . 3

52.3
5 1 . 5
51 .2

55.1

51 .5
50.2

56.3
53.9
;3.2
52.0

54.8
5 t . 5
50.t]

51.2
5 1 . 2
50.9
50.9

53.',|

'19.8
48.3

54.1

; 1 . 8
50.9

53.3
50.3
49.6
18.1

52 .1
s0.0
50.0
50.0

s0.7
48.5
17.9
46.7

51 .2
'1.9.8
19.4
.18.8

50.2
'18.5
18.0
17.3

't9.,1
.19.1
,19_ 1
49 . i

49.1
46.8
46.1
45.0

T .  n t , - r r t  r r ,  \ i 1 . , , -  r P d  I  t r . . r

ponderosa pine is found in warmer, low-elevatron
communit ies, and grand f ir  and Engelmann
ip ruc .  oc rup \  ,  uo le r .  h i gh -e le r r r i on  s i t es .

It  is apparent from these results, as well  as
those of earl ier studies, that seedlings of many
t rec  spcc ies  su f f e r  mor ta l i t v  f r om h igh
tcmperatures i l i thin the range of about , tr8 to
6BoC depending upon the length of exposurc. In
this studv, the di l lerence in temperature at a
giveD t ime, result ing in equal mortal i tv between
thc most and least resistant species (Ponoerosa
pine and Engelmann spruce), rvas only 2 to 4oC.
Although small ,  such dif ferenccs uere starist ical lv
- i g n i f i , ' r n t  a n d  a p p a r c n t l \  ,  " r r f e r  a  . , m p e r i t i r e
ad ran tasp  t L '  e . t r b l i 5hmen l  u f  punde ru . r  p i n "  nn
warm, dry sites.

Obviously, the t ime.temperature relat ionships
of these species as measured c,n single see,J l t , ts
frorn specif ic geographic locations cannot be con_
sidered as representative of these spccies in al l
locations. Also, the response of scedl ings to en-
vironrnental factors in the greenhouse o. gro th
chambcr cannot be dircct ly cxtrapolalcd to f ield
condit ions. Although the absolute degree of heat
l o l e r rn^ ' " e  u I  ea ,  h  . p " r i e .  ma ]  \ d r \  I n  r c5pon \ t s
l o  d r l l e r p n t  " n r i r , , n m , . n r a l  e n n J i t i o r r . ,  i t  i :
reasonable to assume that the relat ive heat
tolerance among these specics rvi l l  rcmain
re le t i r e I  unchanspd  ' r i t h  pond " ro -a  n rne  re l r r n -
ing i ts advantage.
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