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Heat-Treatment Eflects on Seed Bank Species of an Old-growth
Douglas-f ir Forest

Abstract

grorth Douglas fir fore:t. The purpose of the presert studr iror to irlestigote the mecharisms for this seed banl redLrrhn. Sir

specie-. found in the old groirrh seed bank receired experimental heat teatrnents that inclulerl sir combinations ol ternperature.

duratnr ard soil rrisnrre. Oenerallr. gerrrnration percentrges rrere not sigrificantll affected rhen leeds $ere heared at 50C i,r

ore hour nr either the vet or drr soiL. hut rere sigrificantlr reilu.ed !t l00C for 15 mnr in both the riet erd dn soils. \\ hcr

the seerls rere heated at i;C for l; mxr. gerDrnr.rion was significantlr reduced m the \ret soil o.1!. Because ofthe seeds sersitiritr

to heat. feir of these seed banl species are Lil,elr to be arailable for establishrrent after fire, eren one of l(tri nrtensit\. lhii e\
perirnenta studr supporl-. the htpothesis thrt seeri mortolit_r lion elerated temperante durnrg fire reduced seed banl, den.ities

o t . l h . o l d g r $ | h l o r . s l e n d l l o c l n o | s | t u o r l | h c h ! I l o | h . 5 i S ( h e | | h . d u d j o n l $ d ! .

lntroduction

Substantial numbcls of dormilnt sccds
{iLrncl in Lhe soi l  ol  most habitaLs (LecL et al.
1989). This soi l  scccl bank proviclcs an inrnrcdi-
ate solnce of propaEiules fbr revegetation alier dis-
Lurb.u( e (Robefts I9t l I .  Pir:LeLt et r.r l .  L9l l7). The
ptlsistcnt sccd bank also nraint ins a Icsclvoi l  of
genot!pes lhal can provide substantial f le\ ibi l i t !
to enlironmenti ch:rnges, buliering the popula
t i{rn fr(rm e\t inct ion and pfeserl ing Lhe species
rithin a communitv ( l crnplcton und Lo.in l9?9).
llthough numerous studies have in!e-rtigated the
seed r lensiLr anrl  species r(rrrrfosit ;on of soi]  seerl
banks {Lcck et al. 1989)" rclatilrlr fc$ studirs
hare inrestigatcd the efft 'ct ofdistu|bance on seed
bank densit,l' and composition {lloberts and
Dar r k i ns  1967 .  l l h l  e r  o l .  l 9 l t L .  \ I a l l i k  an r l
Gimingham 1985, Smith and Kadlec 1985. Has
san arrd SresL 1986. Kauifman l9lt6). High tem-
pcratur( 's frorn f irc 'gcncral l l  lo$ct thc sccd Lrank
densitv either bv seed rnortnLitv ol bv heat-
sl;mulalcd sccd gcrnrination. lhus fa, 'or ing thc sur-
lir:rl of -"pecies rrith hent-resistAnt seeds or rrith
sccds lhal ar-c sl imulalcd lo gcrrninatc bv hcat.

Both natural fircs and slash$ur-ning aftcr clcur-
cut harvestinli tlre imforlanl di-rlurbuces in the
ruoniferous lorests of the Paci l i r  North$'est. Sre re-
ccntlv comparcd thr: scccl bank dcnsit l  and com-

lrosit ion ol a recentl !  cl isturhecl olr l-grolth
Douglas iir lbrest lith the seed bank of un adja
cent undisturbed olcl-grolLh I)ouglas-f ir  forcst

(Cl.rk I991 ). The disturbcd sitc was loggr:d in latc
lal l  l9B5 and the slash hurnecl with a Llr- intensiLr '
f i rc in Julv. 1986. Torpcraturcs ofthc mincral
soil during the lire r,'ere between < 52(l and L77C
:rL the sLrffaces. belween ( 39C and I 39C at 2 cm,
bett 'een 52C and 66C at i [  cm, and <52C at 6
cm (N'1. V. ! i ' i lson. unpublished data). (The dula-
t ion of thc tcmpcratrrrc cxposulc \r[s not mcus-
ured.) Seed banl sarnples col lecLed the fol lor irg
spring sholcd that the disturbed seed bank tlen
sity ( lB.1hn']) *as signif icantlv less than the old-
grol, th sccd bank (88.6 sccds/m'?) (Clalk 19911.

T l r  t ' , r r t " - ,  , ' f r l r ,  t ' r r ' - ,  ' r r  . r , r ' l \  \ r .  r , ,  i r \ , . -
tigatc thc mcchunisrns for this sccd bank reduc
Lion lsing an e\pefimenlal approadr in a crrntrolLd
laborutory setting. The specilic objective l:rs to ae-
lcfminc lhc rcsponsc oI sccds lo rarious lcmpcrl-
ture-s. durations ol heating. :rncl soil conditions (rvet

or dry).

Study Species

All helh and shrub species iouncl in the soi l  seccl
bank of an olcl-grolth DouglasJir ibrest (Clark
199 t) rere seleded for e\perimental heat lreat-
mcnt cxccpt for' \\ atson's \rillow-herb lLpiLobion
r.atsonii), sofi ru-rh (,/un.us effinzs). and Pacific
blackberrv (/ lal ;u.s unrzar). r , 'hich r, ;erc not in-
cludcd bccausc of clilficulty in gcrminating thc
seeds ol lhese species. The remain;ng si\  sLudv
species included an earlv succes-iional annual.
r!ood groLrndsel (Seaecir;  r)Trral i .ro), an curlv
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suatssional bicnnial.  cornrnon Lhist le (Ljniam ral-
garci.  tuo lrerbaccous pcrenni: l is. Deler 's scdgt:
\Ca et rLercet ar Lrtll ani irL..trcL'.Ll ( EpiLtbiun at Lgu:ti-

Ji l iunl.  t tnL) t to olcl-grotth lrxrt lv Lrndcrston
species. rest( 'rn rhorioclenchon lRhododeuLnn
maol)ph\Llun) and salal \Cuuklrcia slm11oll. Four
of thcsc species. Caultheria shulLcn. Rhtdodendron
ntttoophtllum. Epi[obiunt u.ngustifolium and Sene-
ir;o.\_lf t ,al i .ur. l re also ir lporlant components ol
the ini l ial  rcgctat ion lbl lol ing disturLancc bv log
ging (Dvrness 19i3. l lalpeln 1989. ( i lark 1991).
Lit t lc inibrrnation is knorn about sccd densit ies
al dif iefcnt soi l  dcpths :rnd the serr l  longcvitr ol
these spccics irr olcl-grolth l)oLrgl:rs-f ir  lorcsl sccd
banks  (Ke l l r nan  l 9?0 .  19741 .

l lr idencc lrorn an earl ier - i tud\ (Clark l99l)
shor,;ccl that rel:rLir elv fer inr l i r . i t luals establ ished
irom seed thc f irst venr r l iel  disturbarrcc at thc
slurlv si tc. Kel lrnan 1l9i,1l suggcsts that onlv
logged sitcs tlntiguous to rn establisherl carh suc-
cessional comrnrrnih would receive alrpreciablc rni-
grant seed ol earh sutrr:ssional species due Lo the
inr:f f icicnt mor ernent ol thr:sc' spccics seeds
through ir lest slands. -Sjncc our siLe *as not arl ja-
rt inl  lo such seed soLlr.es. a largr: por-t ion ol the
l i : t  incl ir iclLrals cstabl ishing i iorn seecl the f irst , 'car '

probablv carne lronr seed bank propagules. The
seconrl vcar al ler disturbante lrrorrgit  a t lcrnen-
dous increasc in indir iclLrals establ ishing fr lrr  sccd
(Clark I99I).  The sourcc ofthcsc seeds ras lrroh-
ablv on-sitc seed cl ispersal lr-om thc fcw annuals
t-stabJishing lrorrr sr:crJ in thc fir'st vear'. parLi<'u1:rrlv
Sezecio .r_r llatlcus. 

'l 
hu-". althoLrgh scccl bank clen-

sit i rs rrefe lori  compar-r:r l  to ot l tcr f trrests (Stf ick-
1r:r and Edgelton I976. l \ ' | rxrrc ancl S'ein 197i.
Krarner and lohnson l91l l .  N{organ und Ncucn
schwander l9l l8. and lr les l9B9). plants ( slab-
Lishing liom the seeri bank rnight stronEllv iniluence
fe\egel i i l ion stalt ing in the second vear aftcr dis
lurblnce.

Methods

-{eeds r lclc col lcctet l  rr l  maLuri lv l lorrr plant popu
l. l t ions groning al thc stud! si te locaLed in thc I{.J.
Andrnls ErperirnenLal Folcst, a National Sciente
ForLrrclat ion l .ong-l g1r. l icc,Jogical Rcscarch Site
in thc lestern ( l :rscade l \ ' |orrntains olOregon. The
colLecLion sitc. about 800 m ele\at ion. las r lomi-
nated bv old-grorth $cstcln hernloct (Tisugo

hetentph,tlLo) arrcl Dorrglas-fi r' \Pseudotsuga men-
:lerii) rrith somc rresteln ledcerlar lThuja pLicttta).

' Ihe 
rrnderston includcd cl lar l  Oregorr glapc (Ber

beis ncn:osal. t$inl lo$ef l l innoea boreal is).  re<l
lrucllelrerrr' ll;urt:iniunt poniJo[iun). Rhot]oden-
lron nncn'phtllun t.ci GauLtheri.o. iuLLlon. The
habitat-tvpe is classif icr l  as re-etern hern-
locl/rhododendron/dwari Oreplon glape (Dvrncss

et ot.  1971). { l ier seecl rrr l l : t t ion in the sumrner
ol l9l i{ :1. thc sccrls tcre stofed dfv al 4C unti l  ex,
prr imental treatmenls lclc conducted in carlv
I990. Prel inr inarv gcrmination tesLs ncccssitated
Lhis schcclulc.

I irpcI irncntal t leatmenls inrlurlecl six combi-
nations of ternperlrtrrre. duration and soi l  rnoistrrrc:
seecls hcrtcd in dlt  soi l  at SOC for onc hour. 75C
for 15 min ancl l00C for 15 min. and seeds hcatccl
in moist soi l  at the same lhree tcmpcratules and
dulat ions. These r.ondi l ions t 'ere seleded Lo rnalch
soi l  temlreratur-c data col leded drrr ing thc l986
slash [rLnn fol lol ing logging 'rear thc site (I '1. V.
\f i lson. unpublishccl clata) and to mal.h moistutc
er. lroncs found belween lhe !,rcttcr soi ls ol spring
nnd late lal l  ancl thc dl ier soi ls of surrrrrrer.

For each hcut trentment. t \ \o tesl tubcs (2.5 crn
t l ianrctcr x 15 crn deelr) per spccics r\ ,ere placed
in a r,;ater bath. liach tubc r,".a-.lilled rith 20 sccds
rnirecl r i th approrimately l i> crnr r lry soi l :  l0 ml
of l,".atcr wls :rdded to Lhe scconcl tube 3 minutes
belirc bcirrg placed in the rrelef bath. (For Cil .
siurn tulgare. l0 sccds tere used in each tcst
t r r l , ' t .  Th i -  p r , ' e " J r r . e  r " r -  r ' cg r l i r  r r , , l  l i r ,  t ime -  pe r
crpcrimenl:rl treaLnrent. Thcsc mcthods are nrodifi-
clrt ions of mclhods comrndrlv userl br other
researchcrs inlcst ignting heat effects on sced ger-
nrirrat ion (( lratkou'ski 1962. Kcclcv et a\.  1985.
\ ' lal l ik and Cirningharn 19[i5. KaLri lrnan 1986.
tsel l  et ol.  I9t l i .  Kcclcv 1987).

ln prel irr inarv tcsts. thermislors werc placcd
at four location-. in a test Lrrbc fillcd l'ith l5 crnl
soi l :  at the sl lr face. in l l rc ccntcl midt:ry dolrr lhr l
tuhe. alorrg lhc side nert to the glass niclrrav
,1 , , "  r r .  . r n , l  J l  l hp  l , , , t t , , r n .  T ,  r n l ,  r ' r t  r l e -  r ' - r ' ,
recorded drrr ing cach ofthe six expelimcntal con
dit ions. l 'hese lests sholed that (a) i t  took aplrror-
inatelv i-10 min ibr the soi l  tenrpcralulc in the
tcst tubes to equi l ibrate. (b) thc tcmpelnture of Lhe:
soi l  trL equi l ibr iLrm las t]re sarne as the lcmpcr.a
tule of Lhc r latcr bath. t i th the r:rccption ol the
rln soi l .  t 'hich ta-q 98C at thc l00C t leatment.
atrd (t) the soi l  lonpcratue al ier el lrr i l ibrat ion was
unilblm throughout lhc tcst tube during ear,h
l r eaLmcn l .

Clark and tr ' i lson



Aftcl ench heat treatnenl lhc contcnts ol clch
Lesl lubc $crc cnrptied into a l ' jel l i  dish. In arl l i -
t ion. to mrke sure n(r seeds rcrc lcft  bchind. the
residue-r irr lhe tesL tubcs rrith rr.ct soil rrere rinsed
*ith r l ist i l lcd lato. i i l teled. ai l  dl iecl and adrlcr l
to thc applopriate Petr i  dish. Fire controls (no hcat
lreal lne| l t)  fof cach spccics $ere herted identical lr
as thc .) iperimenL:11 lrealmenls: thi l t  is. thc satne
pnrccdurcs for translerr ing soi l  and seeds tcrc fcr l-
lolcd 1br the conLrols as wcrr: usccl 1br the er

Iref irnental trealrncnts.
' lhc 

Petl i  di-shes rrere placerl i rr  a trntrol lcd
en\ir(rnmenl l i th I4 houls ol l ight :rnd moisLened
" i t l r  , l i . t i l l ,  d  r ' . r t - r  a -  r r e - ' l - , 1 .  I ' r r l i  n i n . rn  t r : t r
shrrned that CuuLthoia sha ctn. Senecio *l tat i .ntt
irn(I llhododendtu t r mcrrnrphrllan gclminated best
rr i th alternating tonpclatules o1 20(l ibr 1.1 horrrs
r r r , l  1 . , ( -  l u r  l r r  l r ^  r - .  I  l , F  , , r l r e r  - 1 r .  ,  .  y ,  r r n i -
nrted best . l t  al tefn:r l ing l{rnrpcrattrrcs o1 30(l lbr '
l4 houls anrl  20C fol I0 houls. ' lherel ire. thesr:
l i  n r l ' ,  r J l r t c -  r ' e re  u - - ' l  1 , ,  l , r i , | | u l ,  ! i  n i nJ l  o  .
The rrrrrnbcr olgcrminating seeds uas corrnted Lrnti l
no net gerrninal ion cxrcurrcd for at lcast l4 r lavs.
-(r 'cds rr 'crc consiclered germineLed therr thc shoot
ccrl l ld be seen.

Diffcrcnccs in i in:r l  gelrninatiorl  rates bclr lccn
tr.c[tmc]rts and coDLrols u'efe tesl( 'd for stat ist ical
signi l icarct '  r l i th a \ ' lann \\  hitner tesr lr ,onorcr-
r  980).

Results and Discussion

l or live of the sir -qpecies. gcrrninalion pclcentiges

lere noL s igni f icant lv  a l fcctcd compared L{r  un-

heated conlrols rvhcn sccd-. l tere heaLecl at 50C
lb r  one  ho r r r  i n  c i t hc r ' t hc  l c t  o r  dn  so i l  (Tab l t :
1). 'lhe 

-sirrgle e-rception ttas Epilobium angustiJb-
l irzn ior which germinrLion r ias signi i icanth
Ieduced in the wct soi l  at 50C. Germination per-
centages of :rll sir specics r,;clc signiiicantlv
lcduccd at 100(l lor l i> rnin in both thc t 'ct and
drr soi ls (1able l i .  \ lhen Lhe sccds lcrc heated
at 75C ibr '15 rnin. germination las signi i icantlv
redu|erl  in lhc rrct soi l  onlv. \o t fealmcnt
procluced significantlv highcr gennin:rtion than Lhe
control.  l 'hus. seeds of these secrJ bank spccies
apprar lo bc l i i l led at the lelat irelv lol  tenrpcra-
tures of 75C and 100C. r ' i th the elf i :ct strorrgcr
i n  *e t  so i l .

Sc\cfal f:rctols mlrr, e\plain whr Lhe u'cl and
dn'soi l  treatnrerrts di i fcrcd at 75C. fhe increased
sccd monrLitv rr i th $et soi ls mighl hatc bccn dlre
to incrcascd hcat conductivi tv through Lhe moist
seed coats. caLrsing rJcatb of interior seed Lissue.
' fhe 

seeds in Lhe r, 'et soi l  coulcl also have irnbi irecl
more \rater than those in thc cln'soi l .  Seeds. par-
t icularlv those ol herbuccous spccies, thnt:rbsorb
rnoishrre bevond 20olo oi their r lry lcight can be
quite sensit ivc' to hcat (Parler and Kellv 19139)"
possiblv because enzvmcs arc more susceptible Lcr
hci l t  denaturati .r l  then hvdratcd thi ln rrhen drv
(Salisburv and Ross I9tt5). Although prcl irninarr '
tcsts at 75C -showed that dly ancl *ct soi ls di i fered
l i t t le in tonpcrature. the r{et soi l  ar 75C took an
a\erage ofab{)ul 9 min to cool to 50(l  ai ler feno\ l
l ; o n r  t l F  s r t F r  l , J t l r  , . ' r ' , p r . . d  t , '  t h e . r r e r c e ,  r i n r -
of 5 rnin Ibr the drv soi l :  Lhus. rrrorc sccds could

' \ I 3 I ' F i 1 ' l I e a n s e e d g e I ] n i D ! t i ( ) t | l ) . R r . n | a g . \ l | | o \ ' ! l N e \ p e n e n t r l h e e t t r l j d t l | | | n L s o i s i \ s | . C i e s l o u n d j n t h e s e e . i a n k i ) l

an olc l  gror , th DoL,s las- l i r  l i , r 's t .  T h,  r r . r rnrenrs i !ere:  t r  50.  ;0C l i r r  60 nr in in $rr  soi l :  SJ75, 75C fot  l5 nr in i r r
lLet  soi l :  \ \  100.  100( l  hr  l ;  n in in r  er  !o i l :  D50. 5(Xl  for  60 mir  i , ,  , l r \  soi  r  D?5. 7;C for  L5 rnnr nr  dr \  s , , i l :  I )100.
100( l  hr  l5 h i , i  i , ,  t l , \  soi l :  anr l  C0\ .  contro l .  n-5.  Di f fereD., is  in g.m, i , rnr ior  prrcenrages ber(eer teat , ,x . , i t  an, l
ronthl  r rere te: ted u: i rg t | !  \ !n, , , r  \ \  h]Ln. . r  r . 'sr .
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have been ki l lecl because of ther krngcr tcmpcra-
lurc dulat ions.

U '  rm in , r r i r , ' , 1 ' . . . pn l Jg - -  o l  r  |  1 ' - ,  i e -  r ' . r .  - i 3 -

ni l icantl_"- reduced :rf tel heating to 100C in both
\!et an.l  dr"- soi ls. This r:xpcrirrrcnlal shrdt thus
sLrppo s lhc hvpothcsis that the general feduction
in the nrean seecl bank dcnsit l  aftcr logging .rnd
slash-burning oi the old grc, l t i r  Dougla-s-f ir  forest
(Clark l99l l  las causcrl  by sccd rnortal i tv l iom
clcvated temperatule durinli llre. This general
reducl ion c!ntra.rLs with sLrr l i ral r)f  tcmpcraturcs
greirter lhan l00C bv sccds of scleral species of
rnircd coni l i lous ibrests (-{tr ickler and Edgerton
It l76) arr l  ofchaparral (Kcclc_"' '  et o1. 1985). lhe
results presenled here do noL sLrl)p()f l  the hlpothc-
sis lhal rcduction las due to st irnulat ion ol germi-
nation bv he:rt .  as sornetinxrs r)(cLrrs in Douglas-f ir
Iorests (Gratkor,;ski 1962), hcathlands (['la]]ik ancl
Cinringham 1985). chapalral (Keelev et al.  L9tl5).
and rni ied coniferous folests o[ Sierra Nr- 'vada
(Kauifnran I986].

Although this studv tested sever' :r l  species with
di l l !rent grol Lh ftrrnrs anrl  longcvit ics. gclmination
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8 G. Oresol
< r ' , p  I  r \ . r - i r ' . ' . r | l  -  l l ' . 1 )  l ) , - - . r  ' r , .  '

Iiaurr,. C. B. 989. Iirrlr successioDal patteurs olfrrest spe
c ies :  ln re rac t ions  o f  l i fe  h i r to r r  t r ' ! i l s  ! ,  d is tu r l ,a , , . . .
Eco loer  70 : ;O l - ;20 .

Has.ar r .  \ { .  A .  r | r l  \ .  l l .  \Vrs t .  l9 lJ6 .  Drn .nr ics  o fso i l  see i l
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responses were sirni lar '  (Table l) :  al l  spccics lcrc
killed at relativelv lorr tcmpcllturcs and none were
stimlr laLed by hr:at to gclminatc { ' lable 1). Other
studies repofL a di\ 'cr-si tv of gcrnrination responses
to heat treatments arnong spccics t i thin a single
ecosrsten (Flovd J966. Kcclc_-v ct ol.  1985. Mal
l ik ard Ciningham 1985. Bel l  er al.  I9t l7). Spc-
cirs \ \ ,hose seed-s are able to srrrr ire r lcvatcd
ternperalures or \\'hose sccds arc physicallv stimu-
l : r t - r l  l r  l r e r r t i r r !  i r n . \ , , r n i  l i r n ,  {  I n ' , r e  I ' r o rn i r rFn l
earlv in sucression aftcr disturbancc ( l ' lovd 1966,
Keeley cl al.  l9t i5. Nlorgan and Ncucnsclrtancler
l9{l l t) .  Sirni lar i ty of rcsponscs to elevated temper-
r l , . r i  -  - , r ' n  i n  t h i - . t r r , l r .  h n r . e r e r .  r r ! . r - -  r l a i n - t
I i re a-. an agent lavoring the seeds o[ onc of thc
si-r studv species ovcr anolhcr.
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