
J. Boone Kaulfman, Depl. ot Bangeland Fesol]rces. Oregon State Unversty Corva ls Oregon 97331

ano

R. E. Mari in, Dept. of Forestry & ResoLrrce N4anagement. Unversly of Ca forna Berkeey Ca fornia 94720

Factors Influencing the Scarif ication and Germination of
Three Montane Sierra Nevada Shrubs

Abstract

muDirier afe ofter domitute.l l,\ shruhs rhrL rri\. hom nr.ls rhar ha!i, n,mlind rirble in soil seedbanks for decades. or erer
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The highest gernrinatior \> 6irln ol Cconot r ultegehnu-t H.I A. r'as obnrrcd h seeds scarined b' a {et hear rbeatmenrr
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be loN 100 '4 .  A t  d r r  heat  e rposures  lo r  12 t f ) 'C .  6B-B10 i  o l  r ln  s , l r l s  $ . f ,  k i l k r l .  Gcrminat lon  ras  less  than 290 fo r  seeds  tha t
{ere not erposed to ar1 h
HoN. r i , .  g . fm ino t i ,n ,  o fsca  f ied  leeds  fo l lo iLed b !  a  s tu t i l i ca r ion  tea tment  ras  as  h igh  !s  B1.306.  \o  s is , , i l i .u r  g . rmina t ion
ras  tu rd  n , r

lo \  genn i ru t ioD , ! t6 .

lntroduction

In the ponderr;sa pine (Pinas pordero.ro l)ougl. cx
P & C Latson) and mixed conifer"domintrted
ccoststerns of \orth America. earlv sucr:es-"ional
-rtages are often donrinaLed bv shrub specics that
or-i:iinate fronl -seeds stored in soil seedbanls.
Th ' - -  - . - , 1 -  r f -  , 1 ,  p " -  r ,  J  i r r  r h ,  ' . r r l r  - t . r ge .  o l
the sere prior tr-, conilir dominance. Duling periods
of conifer dominancc, thcv rnar remain dormant.
vct r iablc in ertremelv irigh numbers until dorrnan-
cr is broken b\ l i re or some other disturl ianct. Ap-
proximatelr .> rrr illion viablc secd stra ,.tl Ceunothus
and ArctostophlLos spp. were f.rund in the soils of
an 80-100 lcal old mixcd conifcr stancl in Cali
iblnia (Inderson 19{l5l.

Folloring filc or sorne othel disturbance. these
seeds germinate in nurnbers th:rt lal erceed the
ca|rving capacitv of Lhe site (Wc1]s 1969.
Sieatherspoon I98B. Kruffman l9BiJ. Holever.
l l r e  . e r e r ' t r  t i . - . .  I ' r ' l -  , , 1  l , i u r r r . r . -  r u n - r r m t , l i u n
rnd hence heat flu\ into tire soil-.) ha-. been -qho\rll
to hare drarrat ic inl luerrces on postf irc shmb sccd-
l ing dcnsit l .  l 'or example. S eatherspoon (I9t l t l )

ibund tlr:rt the soil seedbank ol Ceartothu: rclutiut:
Dougl. ex I look. (snotbrush ccanothus) lrrs not
significantlv lcclucccl bl prcscribed understorv
burns ol rnoderate or Lrr|  consunpLion bul up lo
9,170 wclc dcstrolcd br high consumption lires.
Similarlr .  Kauifman (1987) found a slrong reh-
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tionship betteen luel constrmption and Ceanothu
integerrinu II. & A. (deerbrush) dcnsitv. Seed-
l ing densit ics of this species were 2l6.000/ha
folloling prescribed undelstorv fires oI high con-
sumption (92olo ( 'onsumpL;on of clead ancl dolned
Iuels)" urd 1667/ha in undelstorv burns ot
moderate consumplion (589/o fucl consumption).
Apparend_v, in the high consumption burn, soil hcat
[1ur nas adequate to scarifv large nlrmbers ol
seeds. ln coDtrast. the lorver heat llrrr frorn the
rnoderate consurnption burn dicl not in{luence large
numbcfs of thr soi l  sceclbank.

In rcccntly clisturbed sites (e.g.. Iollowing clear-
cut logging). ,"urface soil lrrnpcr-atures e)iceeding
60"C are possible on hot sumrner days. The ex-
posure of Lhe soi l  seedbank to thcse ternperatures
has bccn rcportcd to be adequate lbr scarification
and subsequent germinal ion (Christensen and
N{ul ler 1975. Cratkonski 19621.

Shrnbs of the ArctostaphlLos and CeanothLu
genera serve an important l l lnct ion in lorest
ccosvsterns. ' l 'hese species provide habitat and
forage for mamrnals and birds (Croncmil ler 1959).
l\'lanl Ceonotlur species have nitrogen fixing
capabilities that result in the replacement o{
nitrc.rgen volatiJized bv the fir'e (Binklev er aL 1982,
Youngbcrg and Wollum 1976). Ceanothus and
Arctostnphvk* spp, also sen'e as int(]imediate hosts
of mycorrhizal fungi thich can have important



svmbiotic relat ionships with conifers {Pcrry er al.
l987). Final lv. thev can be signif icant competitds
\\,ith regeneratinf( conifem in fo|esl plantations
(Conard and Radoserich l9B2).

Because of thc cconomic and ecological impol-
tance ol these species. i t  is essenlial lo undcl-stand
the lactors affccting the cilnamic relationships he-
t$een fire or oLher foresl dislurbances ancl the ger,
mination of these shrubs. Through increased
understanding of these relat iorrships. i t  mav bc
possible to elf icienLlv manipulatc thc abundance
of lhcse spccics ( i .e..  decrease their abunclance
where thev are not desired nr converselv. increasc
their abundancc there thev are desiredl. To bet-
ter understand these relalionships. a laboratory ger
rn in . r l i u r r - l u r l r  o l t l r r e "  mor ' t ane  -h ruh  -1 , - c i ' .  r ' a -
conducted 1(] inrestigaLc: ( l)  Thc rclat ionship of
seed germination lrith van ing levels and durations
ol tcmpclature e\po-cure; (2) The inflrrences of wct
versus drv-heal enl ironment on gcrnrination; (3)
Th ,  i n f l r ,  r r ,  " -  o [  - t r . r t i l i c , r t i nn  l e r rg t l  o r  ! c rm i ' r c -
t ion.

Methods

Seed .  n t  t l  r e .  r n , , r r t l r -  ,  ha l ' r r r r  - p , . ,  i ,  r  $ ,  r .
u-ed irr thi- ' t i t l .  C",ut, ' t l ru. intefterr intt ,  t , l .
cal i fomicus (Kell .) .  (deerbrush ceanothLrs). Arr-
tostaphllos liv:ida Parrv (l h itelcal m$nzanita) and
arctostaph) Los nrelrz,4Aa N{elrianr (Indian man-
zanita). These spec;es arc common cal lv succes-
- i onc l  co r r . l i t r r en l -  n l  m i reJ  c , , n i l i r  - , . , - t - t - r r -  i n
the norlhern Sierra Nerada. Although thcsc spccres
l ra re  h -e r r  , ' 1 , . ' r \ - , 1  t u  l r . r r ,  - ' , r ne  ,  f l l ' n . i t \  t o
sprout followin€i crolrn mo alitv (Kauflinan anrJ
X{art in 1990). their prir tran nrodc of legenera
tion fol lol ing di-"tulbance is through seed
gerrnrnal lon.

Seeds rrere hand col lected al the t inre of r ipen-
i ng  i queu - l - q - t , l c rn l , ' r .  l q83  i ' r  C .  i n tege r i t , t L t .
anclA. tiscida, antJ August. 1984ibr,4. meuul;lia.\.
C. integerrimrLs and A. riscida rere collected fr-om
two eafl! seral, shrub-clominated cornmLLnities
located on the Quincv Rangcr f) istr ict.  Plunras Na-
l ional Forcst ancl the Challenge Erperirnenlal
l 'orest (also a part of the Plurnas \at ional Forcst).
A. netuLkko tas collctJcd at the Challenge Er-
perimental Forcst. Elcvation of these sites ranged
liom 1000 I350 rn and mean annual precipi la-
t ion ranged frorn i l00-1800 rnm.

For each -"pecies. seeds were col lected fr-om ai
lcast 25 randomlv selected shrubs. Al ier col lec-

t ion, seed-s i iorn al l  shrubs and locations rrere
thu .ouyh l r  m i red  t oge t l r e r .  Lo l -  I n r  t l r c  ! - rm inJ -
t ion experimenls $crc sclcctcd frorn these corn-
posite samplcs. A sample oi seeds c,f  each -qfecies
i\ 'as judged for r iaLi l i t l  bv a cutl ing test similar '
Lo lhat o{ Young ei dl.  (1978). During lhe forma-
Lion of al l  scccl lots. cr i tel ia for the jLrdgement of
r iabi l i tv includecl sccds frcc of insect and
meciranicai darnage. and of a Jrropr:r shapc and
seed( oal lcxtulc. I f  shriveled. damaged ol pale in
color. the seed r\,as rejected frr l  gernrination. Hcat
trealments $ere applicd in Dccember. 1984. ( ler-

mination triaLs occurred iiom Felrruarr-l\{a,v ]985.

Experment  1.  Seed Responses to Vary ing
Temperatures and Duration of Exposure

The scarif icat ion and gefminal ion rcsponsc to 2i l
different trcatmcnt cornbinations $,:rs er.amined in
this studv. As in al lexJrerimcnts in t l is paper. each
lrcatment consisted of3 replicates (lots) oi50 seeds
each. Approximatelv one half of the lreaLments
consisted oI a " let heat" erposurc and one h:r l l
consisted o{ a "dr,v heat" exposure. Tn thc " lr t

heat" treatrncnls. cach sccd lot t 'as erposed to a
givcn ternperature level 1or a giren period of t imc
bv suhrnersion in a ralcr bath. An oven with a
modified door for rapid in-sertion of thr seeds tith
minimal hcat loss las ut i l ized fol the 'clrv heat"
treatr|1enls. Thc tcrnpcrature levels Ibr both heat
t r ea tmen ts  i nc l uded : ' t r 5o .  60 ' .  75 " .  90 " ,  and
I00cC. ln addit ion, a 120'( i  dly l feaLnrent and
a control (no heat) treatlnenL \\as establ ishccl.

Sccds lcrc e\posed to each ternperatrrre lerel
fbr 4 and B minules $ iLh Lhe erccption of the 600
hcahncnts $,here onlv a 4 min. erposure ta-. implc-
mented. For C. itegerrinttu ancl ,.1. r,iscida at the
90c ternperature lelel. and additional Lrealrncnt \\'ith
an exposure duration of 16 nrinutcs rras also ex
amined. FolJol ing tcnrpcraturc erposure. all -seeds
$crc stratified bv packing then in nroisL perlitc and
placing them in a cooler at 3oC for 60 days.

An :rdclitional treatmenL for ,'1. mca uAAa l,as
exanrincrJ; thc cffcct of anirnal digestion on seed
gc rn r i r d l i " n .  ( 1 , ' r , , t -  tC " , r , , .  / a r , r r r . r  f , . r  - ,  o r r t . r i ' r
ing large anoLrnLs r ' f  A. meutLkha scects Nere col-
lccLerl.  Thcsc samples were colLected at the same
sitcs and t irnes as the fre-qh seeds. Thesc sccds
\\ere also e\poscd lo tcmperatules ol 75' ancl
100o for, l  mi]rutes. A control (no hcat) lrcatrneni
tas also cxarnined.

Scarif icat ion and Cermination of Xlontane Shrrrb Seerls lBl



Exper ment 2. The Effect of Strat fication
Length on Germ nat  on

A tolal of l6 t lcelnrent combinations \ lere exam-

ined in this erperimcnt. Seeds lrere c)ipose.l lo rLet

or drv hcal Lreatment of 90oC {i [  a duration of

4 and 8 min. Lt i l iz ing these sca l icl l ion combina-

tio[s. ibur st].alill( aiioD tledtrncnl'r l\'ere e\anlirred:
( l)  60 davs st latf icat ion fol lrr l ing scarif i rat ion. (2)

90 days stratificration iirllorring scarilication. (31 6o

ddvs strat i l lcat ion and then scal i f icat ion. and (4)

no shatificaLion. Strati$calir)n tenryeratule r\as llo(l

for al l  trcalrnents.

For the gerrninaLion t l ial .  cdch lot of seeds lras

placed in pctr i  dishes bctr 'een hlr-, t ter paper and

rnoislencd \\ ' i th disl i l l td $ater ' . ' Io prelent rr 'ater-

logged or rJry .ondit ions" a la\er of pcrl i te rras

placed betteer lhe blottel papcr and the bottonl

of thc pr:tr i  cl i -"h. During gelrnination lr ials. seeds

\rere kepl dl il lempelaturc ofapprorimatcll 2lo(1.

and al l  \rere erposr:d to approximalel!  1-[ hours

o1 l ight dai lr ' .  Celrnination \tas recordcd weeLl-Y

for 5-6 reeks. l-mcrgence of thc hlpocot,vl  l iom

lhe -reed coal was the cri tcr ion lor determrnatron

ol gernri lr :r t ion.

I)Lrr ing germinaLion tr ials. tbc nurrLer of C in-

legerrimts seeds that irnbibed \{alcr ( i .e .  were

scarif ied) and lhose that dicd \rere recorclcd Lo

assess lhe l feahnent cffects on thcsc \af iables.

llortalih \r:1s lccofded rr'hen thc seed *a-" obvious-

I,v rottcrJ. These lerc casih separatcd frorr l iv ing

sceds lhich r l i r l  rroL becomc moldl and lemaincd

i j lnr. Death and rrt lcr Lrl)Lake { imbibi l iorr) nere r lot

clisccrniLle ft)r the lrr l.).\14[,rlor spP.

It  lns csl inated that gl-catef lh;rn 950/o of the

sccds r,rt i l ized wcl-c l iahle. Data lere analvzerl

uLi l izing Anallsis of Variancc. I f  signif icant. a nult i-

ple compaf ison test (Student-Net'man-KcLrls')  r i  as

ui i l ized to dclcrnrine signi i icanL r l i t l i renccs anrong

Results and Discussion

Ceanath us i ntegerri m us

Temperature Eflects on Scar fication and
Germ nat  on
' l 'hc 

highest lelels of g( ' frnination oc rfre. l  fol lo\r

ing erposur.e ro the i5cC. 90'( l  and l0Oc(l

tr-calrnents ( lablc l l .  In the \{ct-hcat Lreatments.

!(errnination r\as greatest rrhcn seeds rrer-c crposed

to 90oC l ir ' .1 and 8 rninrrtes (73-7590 getmina-

IB2 KaLrffrnan urd \Tart in

t ion). bLrt decl inccl in iots exposcd for l6 minutes
(16.70lo). The highest ratc ol gerrnination in dn

lreatlnents $'as in lots e-\posed kr l00o(l fbr 4 and

B minrrtes i52 530/o).

There rrerc large clillerenccs in the percent of

gelminrt ion bet\reen lrcl  and drr-heat trcatments

al al l  ternper-alurrs belot '100'C (Table l) .  l -or

e\amph. gefrninatiol l  1\ 'as greater than 32?o for

all of the \\ et-heat trcalrnent-q belolr I00"C. In con-

tlast. thcre $as little or no gerrnination in rirv heat

I " - r lmA , l -  u l  l ;  {  " f  r , 0oC .  i ,  - , 1  g ' r r n i n . r l i o r r  $ r -

signi l icantlv higher in rret t lcalrnent-c over clN

heatnrcnts al exposurcs of60o(1. ?5 oC and 90o(l

tenrperatule lcvels (Table 1).

F , , 11 , , "  i r r g  " r1 ' u . . r ' - -  o l  h0  a  i u r  f , , . r rm inu te ' .

1000/o oI seeds e\posed lo let heat and 279o oi

sceds erposed to dn heat lere scarif ied. ( lermina-

t ion tas'11i0/o nnd 2?o for the lret and drv heat '

lespectivch. This incl icatcs that the enrironment

surloundilg the seeds rt i l l  dr-amaLical lv inl luencc

rates of scari i ic: l t ion and hence. 8el-Ininat;on
f,ndel natural condit ions. i f  snrfacr soi l  tempela-

tures arc -4.->-60oC rrhcn soi ls ale saturaled.
l n ,  I  n r . r |  - ,  , u  i l l .  J l i un  l r ' , , r r  * , 1 ' l  i r r - r r L t i , ' r r  i -  l ' , . . i
blc. Corrrersely. rthcn soi ls are dr-! ' .  tcmpefalt tre-s
of 90"C nr.r1'  be requirecl to achiere these stnre
lercls ol scari f icat ion (Table 1).

The perccnlage oi seed-. that rtcre scaliiied las

signilicantlr clifferent among scecls erposed lo $el

ol dr\ heat. In \ret-hcat treatrnents. dl l reatments
above 45"C had a 100jb lc,;el of scari i lcat ion. Tn

contrast. of al l  the clrr-he:rt  trcatmertts. oDlv e\_

posure to l20oC r-csulted in l00Yo scari l lcat ion
(Table 1).

The pr-ocesss for gclminaLion is ini t iatcd in

Ceonothus species \rhcn gas and \{atcl c\change
o.rcurs thl-ollgll the hilar lissurer lrn opening thal

bisctts the hi lum of the seed aperi (Clatkolsl i

1962). In nature dornrant Ceanoilrus sccds. the

hilal Iissure is scalecl bv opposirrg pre',.srrres of tirc

t lo edges of this f issure against edch olher. Heat
(s.arilication) in C'eanollrrrs opcns the hilar lissurc

al lort ing frr l  gas ald lraLer e\changc to ocrctrr-be-
lueen the surrouncl img enl ironlncnl and lhe endo

sperm and enbrnc, of lhe seed. In stucl ics ol C'.
|clut irar sccds. ( lratkolskj ( l962) repolted that
he.rl ail;cted onlr. the hilum of sccds rendelinpl it

pclrneable to moislure: Lhe rest of thc seed coat

\\as not.rffcclcd and renlaincd inpernleable. !'rom

eranrination ofscarificd C'. lnregenrmus sceds. heat

appealed to onll affect the hilum. After imbibition.
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openings along the hilar fissurc lere a14rar-cnt lith
the naked eve. In aclcl i t ion. ernergencc olthe rad-
ical al lals originatccl through thc hi lar.f issure.

Thc dif i i rencr in percent of sccds that *ere
scarif iecl al lor{el temperatl l res inditates lhat er-
posure to \reL-heal is rnole eff icicnt in opening thc
hi lar f issulc than the drl-heat. Sihetncr rnrs las
e r '-ult  of inc.",r- ' ,  I  t l r ,  r  rnJl ,  orr l .  r !  t i \  h irr  l  \ \  dr- l
medium or sonrc chemical-rncchanical reaction duc
to contact \r i th rratel is Lrnknol\,n.

Seed motalitv did nol significanth diifcr in all
dn-heat trealmcnts fronr 1,->- 100 c C. Holerer. in
the 120oC t leatrnents. rnortal i tv signif icantl t  in-
crcasecl and r| i ls orer 'a[ t intes grcater then i  lhc
l00o(l t leatmcnts. There las also a relat ionship
betleen durtrt ion ofhcal and seed moftal i tv: l t  lhe
l00oC lelel.  For crample. in the I 00cC rretheat
treatments. morlal i t !  fol lo\r iu€i fJ rnirrutcs of heat
c\posule \\as l4r/o gretrter l l tan moltal i tr  l ; l low-
ing 4 minutes ol exposule. Sinri lar rcsults rrere
reported b\ i  Quick {1959i r 'ho found rhe highcst
gerninaLion ol Ceanothus spp. ortur.rr:d rrhen
hoilcd for 5 minutes. Cerrninatiorr t lccl inecl l  hen
boilcd for Lrnger pcriods. QLrick and Quick (1961)
predicLed a,[.20i drop in germination lould oc-
cur-1br each nii'r:ulc C. integeninlu rras lnlnterscd
in boi l ing tater ' .

Effects of Varying Durations of Strat fication

Aliel scari l ical ion. gas e\change al loter lentpcr-
J l u t c -  i -  , / , ,  - . .  \  l n r  - - - d -  t u  n \ c r , , , t n ,  ( ( . r t r i l l
biochcrnical inhibit ions to gelmination. {bscisic
acid has bccn identi f ied in the -seed: or seler.ar
specics as nn inhibi lor ofgerminaLion and has bem
lbund kr dcctcase dLrring chi l l ing lrer. iocls (Arias
,  t  , ' 1 .  l q7n .  $  a r . i r ;  r r  o / .  |  ' , ; 3 r .  ao r . .  n i t i l n l
r ' i th the decreasr: in abscisit :  acid. \ l  ar.eing er ol.
(19731 and Arias et ru 1. (1976) reportecl ino.ease-r
in crvtokinins ancl gibberel l ins thich l :n'e nccn
ibund to promote gernindtion. In this studv te
l ' , r 1 , 1  l l  J l  t i l t l -  u r  r u : F r r r i r r t i , , r , , ,  L n . J  r ' - , ,  J -
thal $efc not strat i f ied fol lol ing scarif icat ion nor
\\as lhcre appreciablc (( lo.{J ge|rnination jn secrJs
cxposed to cold pcriods prior lo scarilicLrtion ll able
2). In (,onhast. gerrnination rtas as high as 13l lo
for scal i fed seccls l i th a 90 c]r l  -r trat i l lcat ion
(Tab le  2 ) .

-{traLif icat ion r.esulted in highh signi l icant in-
creascs in gerrninal ion. In arlcl i t ion. the samplc
mcans r\ere ronsistenth lr ighcr in the 90 clav
- l r r r l i t ' ,  r t i  , r  l t . . r l r r  c r t  i 1 , ' , n r f . r t : - n r r r , ,  r l r ,  o 0  d a r
- l  a l ; f i ,  r 1 i , , r ,  t r ' - a t r r r ' n r  l l r -  i -  1 , : r r r i ,  u l . r . l r  t , u '  i n
t h '  J r r - h - r r r  , r l  J tmcn t -  h l r ,  r  : r c t n r i I J t  , , r  . . t t c -

inr 'reasccl i lorn 22.9 lo 5.1.701ir in,[-rnin o.eaurenrs
and l ion 36.0 to.52.7t lo in B-nrin lrcarmenls

Scarif ical ion and Gcrmination of Nlontane -(hnrb Sceds l83



TAlll.Fi 2. The percenl s.miDation of L'eonoth&t integemmrs

rr:sultiry from four dillcrrn sratfication tr.alnltls

Srrrl. rere erposed ro hr,rL lrellnents of 90'C lir
.1 or 8 nrilutei priof b slratiil.ltion. Data arc lh.

m.u  t ,e i .en t  Sefmin l l ion  nrd  s taDdard  er ro t  l i , ,

pornthf sesl. Different p(Js..ided leteF dcnot.

a  s ign i f i con t  d i l l i rence iP  <  0 .05)  iD  tne lns  be

tr'eer all tre.tmcrrts-

(Table 2). In borh the 60 dar and 90 day stratifica-

t ion treatments exposure of seeds to thc lret-heal
treatment at 90o(l resultcd in significantl-v higher
lerel-q o{ germinatiorr than identical exposures to

drr-heat lreatments.

In mirecl conifer ecos\ ' 'stems" hrrndreds o{

thousands of shr-trb seedlings/ha have ernerged the

first postf ire spring (Kauilman 1987). Fol lo$' ing

f i r e  o l  o t l r ,  r  , l i . t u r l , . r nee .  r ' : r p i r J  ge r rn i na t i on  i s  u

competiti!e advantage facilitating erJrloitation ol

l imit ing resources. For al l  of the 60 and 90 dav

stratillcation treatments. greaLer than 900/o of the

seeds that gcrminated did so in thc l i rst l 'eek
(Figure t).  From examination ofFigLrre l .  i t  is ap-

parenl that strrtification requircments of the

response of seeds in this species are onl,t met lvith

cool-moist condit ions. This can be evidenced
through examination of the response of sceds in
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T. \DL[3 .Thegenn ina t iono11t to* t rp l r l1ur is t idaand.1 l tu ta2 i l loJ , tce l tAd1 'o l1o I ! ingd i11

of exposure. \umbers aLe mean and standard error iin parenthesest. Strarificati.rn lenglh rLas 60 dars. There Nere
n.  s lg f i l l (dnr  , l i l l i r . , r , s  lP  <  0 .051 in  g . rn ino l i , )n  rn r ) , ig  r r .u rm.n l r .
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+"eeds collecttrl liorr freJr licul saq,les oi Caais ftannr
* - ( l .no l .s  thL  no  t r i r l  .o r ( lu (  l . t l  u r ( l . f  th ;s  t f t  a tn .d t  .od l ) in r t ;o , ,

thc unsl lut i f icd h-calrncnls lhat had no incrca-.cs
in germination al ier e\po-ql lre to.1-5 ueeh-q oi
$arm-moist condil ions ( i .c..  thc latcr stagcs of tht:

€iermination tr'ials).

aac^^nea ^ f  tha  r '  r ^ i ^e i ,nh , / / ^e. ,  . .  s p p

Reg . r l l l , . -  " i . , . r r i f i ,  i r l i , , 1  | r '  i r l n r '  n l .  s ,  r 'm in . r l i L , n
rates \rere lon for both A/c&)rtaqlr-1'&)! species
(Table 3). Thcrc rcrc no significant diffcrcnccs in
ge r r r r , na t i , , n  c rn , , r rS  t r - d t rn - r t - .  T l r -  \ . r r i , , . r -  - t  a t : -
f icat ion tr-c tmcnts also rcsultcd in no r l i { fcl .cnccs
in germination sl lcccss. lor.4. Liscida. thc 90oC
reLheat scafi f ical ion treatrnenl rr i th 60 davs oi
stratilication $'as rcplicatccl in l9B5 rrith anothcr'
seed sourc.e. The rnean gerrninaL;on oithis 1984
seecl source las l0.6lo r 1.3. This las
sigrr i f icanth gfeater than Lhe 198iJ sced source
lcponed in Tablc 3. Although gcfrninal ion lr 'a,c
- i g r r i l i c , r r r t l r  d i l i " r " n t .  t l ' e  pc r .F r , l Jep  " l  - cpd

riabi l iLv bciore scarif icaLion Lreatments $as not.
Hu r ' e r " . .  t r r "  - " . d -  . o l l " ,  t e , l  i r '  l r ) 3  I  \ ' e rn  E "n
cral lv larger in size and mass lhan Lhe sreds pro-
duced the previous vear.

\onc of the various cornbinlltions ()1 hcrt or
stratilication Iesulted in high percentages of ger'-
minaLion of ,4. ,rc?r '&A,Aa seeds. Althorrgh sl iglrt lv
higher than that of frcsh seccl,  gcrrr inal ion ofsccds
ibund in the l ices ol covote-s was lelat ivelv low
( < BYo) (Tablc 3). Thcrcfotc. animal r l igcst ion br
mammals did not appear 10 be a signi i icant lactor

in brcaking sced r lormancv of this spccics.
H , , s - r - r .  d r r r i r r g  t h . . - " * ' r r  i n  sh i c l r  i l r i t -  a r .  r ' i 1 , ' .
large rrunrbers ctl Arctttstaph os seeds are lridely
cl ispersed throughout Lhe region l ia fecal dcposi-
tion. Thus. it is apparent that consurnption of the
Aftlortoph\los fruiLs bI rnarnnrals represents an cl-
fect ive means ol seed cl ispersal.

Shi le these species dicl ot fespond to these
gerlnination heatments. other species of Arc-
tostaphllos ha'tc bccn rcportcd to rcspond to heat
treatments (Keelel- 1977. Quick 1959). Arc-
tr.rstophios panLla Crccnc is corrmonlv associatcd
ri th these species in the mixed cori fel zone ofthe
Sierra \elada. -{eeds o{,4. patuln rere obserred
to genninate in densit ies rs high as 25.2l l l l /ha
iol loning f ircs in thc nolthcrn Sicrrt  Ner.ada

{KaLrllinan l9t}7). AlthoLrgh seedlings oIA. risr:i/a
in dcnsit ics as high as 1.567/ha rrcrc plesent after
f ires. their nurnl lers \ \ere e\ponential lv less than
tho-.e of ,4. pairr lrz (Kaulfman 1987). Although
seedlilg clensitr of4. r,isrido signficantlv increases
fol lot ing high onsunrption f ircs. i t  is apparcnt that
neither heat nor chernical change.,.  (pH. nutr ients.
toxins. ctc.) in the postlire enlironment are lac-
tors which induce the hearv simLrlLarrerns arnounts
of gcrmjnation crbscr-r'ccl for- C. integerrimus or A.

1 ' o t ' t l u .  - i t r i . l t r  . " - u l t -  , , i  l , , r '  3 . r ' r n i r r a t i on  i "
laboratory tcsts of .4. riscida were reported bv
Roge rs  (1949 ) .

Sca f icat ion and Cermination of \ lontane Shrub Seeds 185



Based upon field obsen'ations of recentlv

loggcri sites cnntaining abuntJanL,,l. t:iscida antl A.
nerruAAa scedlings. i t  appears that dormRncv is

often brokel bv net hanical scal i l icat ion of the

sccd coat. In loft!(ed alclls. iL is frequentlr obscn'ed
that,4. r iscir lo densit ies are highesL there logging

equiprnent has heavi lv impacteci lhe soi l .  Arcas of
impact such as har\ested -. tantls in l I ich logging

slash has been pi led rr i l l  l l r :quentl- ' -  have highcr
densit ies of A. t iscida thnn harvesLed stands i l
lhich Lrgging slash rras left  in placc i i .c." areas
of lcss rnechanical disturbancei. Conversel-v, loggcd
areas in lhich slash is lei i  in placc and l-r loadcast
burncd has been obserred to hare lo\\er densit ies

of A. r.iscirla but highr: r' densities of C integerintus.

Conclusion
' l 'he lesLrl ts oi this laboratorr sl lrd,t  dd i l r  thc e\-
planation of Lhe mechanisms responsible for thc
increa-"ed clensit ics ol C. i tegenimus in burned
areas. Althotrgh high densit ics ofA. r ' iscida and

A. rteu,ukha have bccn obserred folloving an-
thlopogenic disLLrfbances in mircd t:oni ler eco

svstems. addit ion[l  rcsearch is needcd to deter-

minc those physical.  chc'rnical.  and biological
mechanisnrs responsible {br inilialing gef mination.

Seeds of C irlegenirnzs t'erc scarified hl heat

ancl fe(luired a cool-moist strat i l icat ion pcriod k)

Lreak embrlo dornranc,_. Optirnum scal i f icat ion
tcmperatLrres \{ele ;5-100oC. At temperaturcs less

rhan  l 00oC l i t h  e i t he r ; r  4  o r  B  n r i nu te  pe r i od  o i

cxposLrre. \ret heat rras signif icantlv mor.c cffcrt i \e
at seed scari l icat ion and init iat ion ol germination
than drr 'hcat. Seed erpc-,srue to a lenlperalure ol

120"C for 4 or B minulrs e\ l)onential lv incl-cased
moltal i tv. l  ol lo\r ing strat i l icat ion pcriods. ger-rnina-
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tion is alrrosl simultaneous vilh 80-900/o of all ger-
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scarification b.t A. uiscitlu or A. rzet,rrAia in this
stud!.

llcsults of thi-q stud,v l'ould infer Lhat prescribed

broadcast bulning or t'ilclfires rvorrld stilnulate gcr-
mirration of C. integeninnts but not ,'1. rijcida or

L  n ' " uuA l , , r .  T l r e - "  p l . r n t  . 1 , - ,  i - :  a | e  i r nno r l r n l  i n
the ecological functioning of mixcd coni ler eco-
svslems and also are of aesthetic and cconomic
signi l icarrce.

A  n  i n ,  r ea - "d  . r n , l - r . t : r nd ing , , f  t he  ge lm ine t i un
requirernents ma1 a1lot for successful cstablish-
ment of lhese species lrhele dcsi led. Conversel,v.
lhis information could also aicl in control l ing den-
sit ics of thcse shrubs in situal ions where unaccep-
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