
J. Boone Kauffman, Dept. of Rangeland Resources, Oregon State University, Corvallis. Oregon 97331 

and 

R. E. Martin, Dept. of Forestry & Resource Management. University of California. Berkeley, California 94720 

Factors Influencing the Scarification and Germination of 
Three Montane Sierra Nevada Shrubs 

Abstract 

Follo\\ing firt>~ in the fon·,.;h·d !'('{>~:-~t!·rn,; {If lhc norlhcrn Sierra :'\c\·a<la and southern Cascade mountain;,. early ~uccei'i'ional com­
munitie~ are often <lominale<l h:- ,.:hruh.~ that ari~(' from H:cds lhal hm·c remained \·iable in 5oil seedbanks for decades. or even 
centurie:'>. Tht' g<"rmination rt>~pOlbt' of >'t~('d,.: of llll'('t' ,;!Tai rnonlanc shrub ,;pccic5 was inYestigated following exposure to differing 
type~ of heat (11d 1". dr:- ). kmpcrattir(· lt·\·t·I~. durations ol' temperature c\posure, and differing lengths of stratification period~. 
The highest germination I> 60%1 of Ceruw1!111s inugerrimu.1· H. ll{ A. wa~ obscr.-cd for ,;eeds scarified by a wet-heat ltreatmt>ntl 
of 75-lOCJCC for ·1-8 minute~. \'Vd-hcal lr('alnwnt~ \\ere more clfrTliYc than dry-heat treatments in scarifying ~eeds at all tempt>rature" 
below 100°C.. At dry-heat e;,.po~ure~ for 120°C, 68-81°/ii uf tht' .~!·cd,; 11-cn· killed. Germination \Hts less than 2% for seeds that 
were not exposed to ::my heat (.~carification) treatment. Similar!:-·. 11ithoul ,.;lrCttiJic·ation following ,;carilieation, germination was ::55%. 
Howcn~r. germinal ion of >'earified ~eeds followed bY a stratification treatment 1,as a~ high a~ 81 ..)0\-i. \o .~ig11iflcan1 germination 
II a~ found for ~('('d" or 1rc1u.1laph_> lo.1 risi-ida Parry or for ,trctmtaphl-los 11ieu·ukka '.\Ierriam regardless of treatment. St>ed~ or lhc~(' 
"JleCif"~ requin· 111wlfwr dwmi('al, phYsieaL or cnyironnwntal factor in order to break embryo dormancy or the: ma: lrnvt' inlwrc11tly 
!011 germination rate~. 

Introduction 

In thf' ponderosa pine (Pinus ponderosa Dougl. ex 
P &· C La-wson) and n1ixed conifer-don1inated 
ccosysteins of :\orth A_mf'rica. f'arly successional 
stagf's are often dotninated by shrub spec:ies that 
originate fron1 sef'ds stored in soil sef'dbanks. 
These seeds are deposited in the early stages of 
the sere prior to conifer don1inance. During periods 
of conifer dominance, they 1nay remain dormant. 
yet Yiablc in extremely high nun1bers until donnan­
ey is broken by firf' or some other disturbance. Ap­
proximately 5 rnillion viable seeds!l1a of Ceanothus 
and ArctostaphyLos spp. were found in thf' soils of 
an 80-100 year old n1ixed conifer stand in Cali­
fornia (_Anderson l 98S'l. 

Follo\\'ing fire or so1ne other disturbance. thf'.se 
seeds germinate in nu1nbers that far exceed the 
carrying capacity of the site (\'\Tells 1969. 
\i;lealherspoon 1988. Kauffman 1987). HoweYer. 
fire sevf'rity (i.f' .. !e"els of biornass consumption 
and hence heat flux into the soils) has hf'en sho\vn 
to ha\'f' drarnatic innuences on post fire shrub seed­
ling density. For example, ~"eathf'r.spoon (1988) 
found that the soil Sf'edbank of Ceanothus 1,:elutinus 
Dougl. t'X Ilook. (snO\\-brush ccanothus) \\·as not 
significantly reduced by prescribed understory 
burns of inodf'ratf' or lo\\' consurnption but up lo 
94°/o \\'ere destroyed by high consumption fires. 
Similarly, Kauffman (1987) found a strong rcla­
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tionship beh,·een fuf'l consumpLion and Ceanothus 
integerrirnu.• IL &· A. (deerbrush) density. Seed­
ling- densities of this species \\"ere 216.000/ha 
follo\Ying prescribed understory fires of high con­
sun1ption (92°/o consumpLion of dead and do\vned 
fuels). and 1667/ha in understory burns of 
rnoderate consumption (581Yo fuel consumption). 
A.pparently. in the high consuinption burn, soil heat 
nux was adequate lo scarify large numbers of 
seeds. ln eontrast. the lo\ver heat flux frorn the 
inoderate consuinption burn did not innuencc large 
nurnbers of the soil secdbank. 

In recently disturbed sites (e.g .• follo\\'ing clear­
cut logging). surrace soil te1npcratures exceeding 
60°C are possible on hot suminer days. The ex­
posurf' of the soil seedbank to these te1nperatures 
has been reported to be adequate for scarification 
and subsequent germination (Christensen and 
lVluller 1975. Gratko\\·ski 19621. 

Shrubs of the .4rctostaphyLos and Ceanothus 
genera serve an irnportant function in forest 
eeosyste1ns. These spf'cies provide habitat and 
forage for mammals and birds (Croncmiller 1959). 
l'vlany Ceanothus species have nitrogen fixing 
capabilities that result in the replacement of 
nitrogen volatilized by the fire (Binkley et al. 1982, 
''{oungbcrg and Wollum 1976). Ceanothus and 
Arctostaphylos spp. also serve as intermediate hosts 
of mycorrhizal fungi \vhich can have important 



symbiotic relationships wilh conifers (Perry et al. 
1987). Final1y. they can be significant competitors 
with regenerating conifers in forest plantations 
(Conard and Radosevich 1982). 

Because of the economic and ecological impor­
tance of these spf'cies, it is essen1ial to understand 
the factors affecting the dynamic relationships he­
twef'n firf' or olher forest disturbances and the ger­
mination of these shrubs. Through increa,,f'd 
understanding of thesf' rt'laLionships. it may be 
possible to f'fficienLly manipulate the abundance 
or these species (i.e .. decrease their abundance 
where they are not desirf'd or conversely. increase 
their abundance ·where they are desired). To bet­
ter understand Lhese relationships. a laboratory ger­
1nination study of three montane shrub spf'cies \\·as 
conducted to invt'stigaLe: (1) The relationship of 
Sf'ed germination ·with varying levels and durations 
of tc1npcrature exposure; (2) The influences or wet 
versus dry-heat environmenl on gern1ination; (3) 
The influences of stratification length on germina­
tion. 

Methods 

Seeds of three rnontant' chaparral species ·were 
used in this study: Ceanothu:~; integeninius var. 
califoniicus (Kell.), (deerbrush ceanothus). Arc­
tostaphylos 1•iscida Parry (whiteleaf manzanita) and 
arctostaphylo.~ rne·wukka l\.lerrian1 (Indian man­
zanita). These species arc common early succes­
sional constituents of mixed conifer f'cosystetns in 
the northern Sif'rra l'\t'Yada. Although these species 
ha\·e been observed to have so1nc capacity to 
sprout follo\\-ing cro-wn mortality (Kauffrnan and 
l\.-1artin 1990), their prirnary n1ode of regenera­
tion following disturbance is through seed 
gennination. 

Seeds were hand collected at tht' tirne of ripen­
ing (A.ugust-Septernber, 1983 for C. integenirnus 
and A. viscida, and .August. 1984 for .4. meiu1kka). 
C. integenirnus and A. r:isrida \\ere collected from 
two early seral, shrub-don1inated cornn1unities 
located on the Quincy Ranger District. Plun1as Na­
tional Forest and the Challenge Experirnental 
Forest (also a part of the Plurnas \"ational Forest). 
A. nieu..:ukka ·was collected at the Challenge Ex­
perimental Forcst. ElcYation of these sites ranged 
from 1000-13.50 111 and n1ean annual precipi1a­
tion ranged frotn 800-1800 1nn1. 

For each species, seeds were collected from at 
least 25 randomly selected shrubs. A.ftf'r collt'c­

tion, seeds frorn all shrubs and locations ·were 
thoroughly mixed together. Lots for the germina­
tion expf'ritnents were selected fro1n these co1n­
posite .samples. A sample of seeds of each specit's 
\Vas judged for Yiability by a cutting test similar 
Lo that of Young et al. (1978). During the rorn1a­
Lion of all seed lots. criteria for the judgernent of 
\iahility included seeds free of insect and 
mechanical da1nage, and of a proper shape and 
seedcoat texture. lf shriveled. damaged or palf' in 
color. the seed was rejected for gt'rrnination. Heat 
treatmf'nts were applied in Dccen1ber. 1984. Cer­
n1ination trial" occurred fron1 Ff'hruary-J\1ay 1985. 

Experiment 1. Seed Responses to Varying 
Temperatures and Duration of Exposure 

The scarification and gennination response to 24 
different treatment co1nbinations \Vas exarnined in 
this study. A"' in all experiments in this paper, each 
treatment consisted of 3 replicates (lots) or 50 seeds 
each. Approximately one-half of the trealrnents 
consisted of a "'wet heat'" exposure and one-half 
consisted of a '"dry heat'" exposure. Tn the '\yet 
hf'at'" treatments, each seed lot \\·as exposed to a 
given te1nperature level for a givf'n period of time 
by suhrnersion in a \Valer bath. A.n oven with a 
n1odified door for rapid insertion of the seeds \vith 
minimal heat loss \\·as utilized for the ··dry heat"" 
treatrnents. The tc1npcrature levels for both hf'at 
treatrnents included: .-i5 °. 60°. 7 .S 0 

• 90 °. and 
100°C. ln addition, a 120°C dry trealrnenl and 
a control (no hf'at) trealtnt'nl \\·as established. 

Seeds were exposed to each ternpf'rature leYel 
for 4 and 8 niinutes with Lhe exception of the 60° 
trcat1nenb \Vhere only a 4 min. exposure \Vas in1plc­
n1entf'd. For C. integerrirnus and A. viscida at the 
90° te1nperature level. and additional Lreatrnenl \\'ith 
an exposure duration of 16 n1inutes \\-aS also ex­
an1inf'd. Followin~ 1c1npcrature exposure. all seeds 
were stratified by packing then1 in n1oisl perli1c and 
placing thern in a cooler at 3 °C for 60 days. 

A.n additional treatnif'nl for A. rnell"ukka was 
exarnincd; the effect of ani1nal digestion on St'ed 
gerniination. Coyotf' (Canis latrans) feces contain~ 
ing large atnounts or A. 1ne11"ukka seeds \\'ere col­
lected. These sample:,;, \\·ere collected at the sarne 
sites and ti1nes as the fresh seeds. These seeds 
\\ere also exposed to tcn1peratures of 75c and 
100° for 4 minutes. A. control (no heal) treat1nent 
was also cxa1nined. 
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Experiment 2. The Effect of Stratification 
Length on Germination 

A total of 16 trcatn1enl cornbination~ \\'f'fe exan1­

ined in 1hii:i e.xperimcnt. Set-'ds were exposed to wet 
or dry heat Ln·atrnent of 90°( for a duration of 
4 and 8 rnin. Ltilizing thf'sf' scarifica1ion combina­
tions. four stratification treat1nents were exan1i11t'd: 
(1) 60 days stratification following scarirication, (2) 

90 days stratification follo,\-ing scarification. (3) 60 
days stratification and then scarification, and (4) 
no stratification. StratiJica1ion ten1perature wa"> 3°C 
for all trcatrnt'nb. 

For the genninalion trial, each lot of seeds ·was 
placed in petri dishes bchn:·en blotter paper and 
1noistened with distilled \\ater. To prevent ·water­
logged or dry conditions. a la~er of pcrlite was 
placed het·ween the blotter paper and the botton1 
of the petri dish. During gt'nnination trials, seeds 
\\-ere kept at a ternperaturc of approximately 21 °C. 
and all \\"ere exposed to approximately 11 hours 
of light daily. Cennination \\as recorded weekly 
for 5-6 wf'eks. Emergencf' of the hypocotyl froin 
the seed coal was the criterion for determination 

of gerniination. 

f)uring germinal ion trials. the nurnber of C. in­
tegenimu.'i seeds tha1 irnhihed water (i.f' .. ·were 
scarified) and 1hose that died \\ere recorded Lo 
assess the treatinent cffecb on these \ariahles. 
fVforLa\ity \n1S recorded when the seed \\aS obvious­
ly rotted. These were easily separated fron1 living 
set'ds which did nol become moldy and remained 
firn1. Death and ·water uptake (in1bibitio11) \\'ere not 
disccrniblt' for the Arcfo,~taphylos spp. 

It ·was cstirnated that greater than 95°/o of the 
seeds utilized \\Trc viable. Data were analyzed 
utilizing A.nalysis of\1ariance. Tf significant. a n1ulti­
ple comparison test (Student-l\e\\·n1an-Keuls') was 
utilized to deterrnine significanl differences a1nong 

treatniento;. 

Results and Discussion 

Ceanothus integerrimus 

Temperature Effects on Scarification and 

Germ1nat1on 


The highe,,t leYels of gcnnination occutTt'd follo\\-­
ing expo:-un-' to the 7.S°C. 90°C and 100°C 
trcalrnent,_ (Table 1). In the wet-heal Lreatn1ents. 
gennination \\'as greatest \\-hen seeds \\-ere exposed 
to 90°C for 4 and 8 1ninutes (73-75%1 germina­

132 Kauffrnan and '\lartin 

tion), but declined in lot5 exposed for 16 n1inutes 
(''l6. 70/o). The highest rate of gennination in dry 
treattnents \\'as in lots exposed to 100°C for 4 and 
8 minutt's (52-530/oJ. 

There \Vere large differences in the percent of 
germination between \\Tl and dry-heat treatments 
at all ternperatures belo\v 100°C (Table 1). For 
example. gennination \Yas greater than 32(Yo for 
all of t\11-' wet-heat trca1tnents helo\\" 100°C. In con­
trast. thert' was little or no gt'nnination in dry heat 
treatments of 45°C or 60°C. Seed gennination \\-as 
significantly higher in \\-et treatrnents over dry 
treatn1cnb at exposure:- of 60°C, 75°( and 90°C 
ten1peraturc levels (Table 1). 

Following exposures of 60°( for four minutes, 
100°/o of seeds expose<l to \n-'t heat and 27(Yo of 
seeds exposed to dry heat were scarified. Cermina­
tion \\-a,_ ··i8°/o and 2°/o for the \\·et and dry heat, 
respectively. This indicates that the environrnent 
surrounding the set'ds will dramatically influence 
rates of scarification and hence. genninaLion. 
Cnder natural condition5, if surface soil tempera­
tures arc -4.)-60°C \\-hen soils are saturated. 
thermal scarification fron1 solar insulation is possi­
ble. Cot1\'f'rsely. \\-hen soi],_ are dry, temperatures 
of 90°C n1ay he required to achie\'e these san1e 
le\'el:'i of searificalion (Table 1). 

The percentage of seeds that were scarified was 
significantly different an1ong seeds exposed towel 
or dry ht'at. In \\-et-heat treatrnents. all treattnents 
above 45°C had a 100°;0 level of scarification. Tn 
contrast. of all the dry-heat trcatn1e11ts, only ex­
posure to 120°C resulted in 100°/o scarification 
(Table !). 

The processs for germination i5 initiated in 
Ceanothus ,_pecies when f!"as and water exchange 
occurs through the hilar fissure; an opening that 
bisects tht' hilum of the seed apex (Gratkowski 
1962). In mature dorn1ant Ceanothus seeds, the 
hilar fi5sure is scaled by opposin~ pressures of the 
t\nJ edges of this fissure against each other. Heat 
(scarification) in Ceanothus opens the hilar fissure 
allo-King for gas and \\-aler exchange to occur be­
l\\een the <;;urrounding environ1ncn1 and the endo­
sperm and en1bryo of the St't'd. In studies of C. 
rPlutinus seeds, Cratko\\·ski ( 1962) reported that 
heat affected only tht' hilum of seeds rendering it 
pcnneahle to moisture; Lhe rest of the seed coat 
\\'as not affected and ren1ained irnpernieable. From 
exa1nination of scarified C. integenimus seeds, heat 
appeared to only affect the hilum..After imbibition. 



T.\RLE l. 	Percf'nl )l:!'nnination. df'ulli. and ~carificalion f'or Camothus inil'gi'nimus seed~ f':>..poscd to differing lcmperature;... l<·11gth,; 
of f'XJl05Urt' and difff'rn1I lieut sourcf'~. Slratification period wa5 for 60 da;.~. Duta are mf'an u11d stanclaid f'rror {in 
parentlw,;(·,;J. 

Heat .'Sourcf' 
D11ration of 

\\"et (\\'alcr bathl 	 Dn· f0\(·111
T('1npcrature E\po,;ure 

/)()"C (mini 0 n Ccrrnination D1·ad 0 ·o ~carill!·ation % CC"rminution 0 o ])('ad UL Scarificalio11 

Conlrol-no heat ln"alnwnl l (ll ll Ill 15 11 I 

45" 4 .).) (71 17 (;}) 69 (8) 3 di 13 131 2.S (51 

8 3;) 1Li1 5 11 l 86 (31 j (1) 1-t 121 2.:'i 111 

6()C 4 4-8 11-'ll () 121 100 (0) 2 (l) 16 141 27 IGI 
8 9 (l) l·l I II 29 121 

75~ 4 68 1lbl 19 ({J\ 100 101 21 11 Ul 11 i:'ll -18 I l-l 
8 (>3 I L3 l 19 18\ 100 (OJ 16 141 11 13! 50 1.)1 

90~ 4 7.S liJ 23 (5) 100 10) 2:3 1l2\ B (2) 10 \:34-i 
8 7;) 1-ll 19 (6\ 100 101 :36 11-l\ Li (2\ 72 \SI 

16 i 7 LSI 28 {L 11 100 101 27 111) 12 (:)I 68 19) 

100" 4 67 181 27 ('71 100 101 53 (8) 15 (3) "' 111 
g t:J 111 41 d01 100 (0) 52 1101 19 (8) 8.5 (21 

120° ll Ill 68 11.'3) l 00 (Qj 

8 8 1-l) 81 1171 100 10) 

openings along the hilar fissure ·were apparent ·with 
the naked eye. In addition. ernf'rgence of the rad­
ical al-Kays originated through the hilar fissure. 

The difference in percent or seeds that \\ere 
scarified at lower temperatures indicates that ex­
posure towel-heat is Inore efficient in opening the 
hilar fissure than the dry-heat. ~-'hf'ther this was 
a result of increased thennal conductiyity in a \\'aler 
mediun1 or "-Onie chen1ical-1nechanical reaction due 
to contact with ,\-ater is unkno,\-n. 

Seed rnortality did not significant]~ differ in all 
dry-heat treatn1cnts fron1 -'i-.)-1 oocc. Ho,Ve\er. in 
the 120°C treat1nents. mortality significantly in­
creased and was oYer 4 tinH·s ,!!reater than in the 
100°C treatments. Then-' was also a relationship 
between duration or heat and seed mortality at tht' 
l 00°( leYeL For exan1ple. in the l oocc wet-heal 
treatments. mortality rollo,\·ing g ininutcs of heat 
exposure "as l 4(Yo greater than n1ortality follow­
ing 4 minutes of exposure. Sin1ilar results 'rf'n-' 
reported by Quick \1959) who found thf' highest 
gerniinaLion of Ct>anothus spp. occurred ,\-hen 
boiled for 5 niinutes. Gennination declined'\ ht'n 
boilc<l for longer periods. Quick and Quick (1961) 
predicted a 4.2°/ii drop in germination would Of' ­

cur for each rninute C. intPgeni1n11s ,\-as in1n1erscd 
in boiling ,\-ater. 

Effects of Varying Durations of Stratification 

AJter scarification, gas exchangt> at lo"·er ternper­
atures is necessary for seeds to oYercotnc certain 
hioche1nical inhibitions to gennination. _\hscisic 
acid has been identified ln the Sf'f'(b of sPveral 
species as an inhibitor of germination and has been 
found Lo decrease during chilling periods L.\rias 
et al. 1976. ~-'areing et al. 1973). Concomitant 
with the decrt>asc in abscisic acid. \\iareing et al. 
(1973) and Arias et al. (1976) reportt'd increases 
in cytokinins and gibberellins \vhich have been 
found Lo promote gerrnination. In this stu<ly '\e 
round that little or no gennination occu1Ted in sccdb 
that \\ere not stratified rollowing scarification nor 
\\·as there apprf'ciablc ( < l ~Iii) germination in st>eds 
exposed to cold periods prior lo scarific:a.Lion (fable 
2). In contn1bl. germination was as high as 81 ()/o 
ror scarified seeds with a 90 day stratification 
(Table 2). 

Stratification resulted in highly significant in­
creases in gennination. In addition. the "-arnplc 
means \\ert' consistently higher in the 90 day 
stratification trcatrnenl in con1parison Lo the 60 day 
stratification treattnen1. This is particularly true in 
the <lry-hf'at treatments \\here gern1inaLion rates 
increased frorn 22.9 to .S4.7°!ii in 4-inin treatn1t>nls 
and fron1 36.0 to 52.71)/o in 8-n1in treatments 
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Figure 1. 	 W'eckly germination of C. inugerrimus seeds thal wPre <'xpo.sed to 90°C for ·1, and 8 min. and ~ubjeett>d to 3 different 
~!ratification trf'atments. The llr~t number refers to thP length of stratification period (0, 60 or 90 days). The second 
number refers to the duralion of heat exposure (4 or 8 min.). The v;r rrfl'rs lo the wet heat treatment and the D refers 

to the dr~ heat treatment. 
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TA HI.~: 2. 	The percent g~·rmination of Ceanothu.1 integenimus 
rc~ulling from four dilfrn:nt ;,!ratification trcalrnenl<;. 
Seed~ \1ere exposed to heal treatments of9U~C for 
4 or 8 minute~ prior to ~lrutificalion. Data arc tlw 
mean p<'rcent germination and ;,tandard error (i11 
pal"f'nlht·sf';,). Different superscripted letters denote 
a significant difff'rFnce iP :::S 0.05) in means be-
1\,een all treatme11ls. 

Trf'atment 

Length of 
E:-..po;,ure 

(min) 

Heat SounT 

'ii/d dry 
(water bath\ (Oyen) 

60 d j 

8 
75' (7\ 23' fl2) 
73c f4J .)6' (14) 

90 cl 4 
8 

81' (2) 55° (71 
79' (91 53° (4) 

60 cl prior to 
~carification 

4 
8 

l" (l,1 la (l) 
oa {l) oa (0) 

no stratifiealion 4 
8 

1" (1) 1" jl) 

:=i" (4) 1" (l) 

100­

90 

70 

~ 

~60 
z 
0 

;:::.. 50 

z 
=E 40 ­
..."' 
"' 30 ­

20 

10 

(Table 2). In both the 60 dav and 90 day stratilica­
tion treatments exposure of seeds to the ·wet-heat 
treatment at 90°C resulted in significantly higher 
lt'vf'ls of germination than identical t'xposures to 
dry-heat treatments. 

In mixed conifer ecosysten1s. hundreds of 
thousands of shrub seedlings/ha have etnerged the 
first postfire spring (Kauffman 1987). Following 
fire or other disturbance. rapid gennination is a 
competitive advantage facilitating exploitation of 
limiting resources. For all of the 60 and 90 day 
stratification treatments. greater than 90°/o of the 
seeds that germinated did so in the first week 
(Figure 1). From examination of Figure 1. it is ap­
parent that stratification requirements of the 
response of seeds in this species arf' only met ·with 
cool-moist conditions. This can be evidenced 
through examination of the response of seeds in 
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T_.\BLE 3. 	 The germination of A.rcto~taphr/oo ii~cida and Arctootaph_i-lv~ me1n1kka following- different temperature5 and duration 
of exposure. :'\lumber~ are mean and standard error fin parenthese~I. Stratification Ieng-th wa~ 60 davs. There were 
no ~ignilieanl dilTrTc1u·t·~ IP ~ 0.0.Sl in germination among lrcalnwnt~. 

f)uralio11 of" I. rnnnJ.kka 

r,pos11r1· \Vl'I i\\ ul<'r liailil Dr:­ (()yc11) \\'l'I {\Valer buth) dig('~t!'d/wd + 
Tn·atnwnl lrni11\ % c;('rlllination % C(·rn1inatio11 0o C!'rrni11atio11 % C!'rrni11iilio11 

control-no lwat trFatment 

..i:;~ 

8 

60° " 
1.s·~ "8 

90° "8 
16 

loo~ "8 

() 10\ () 10) 1 il I 1 {l) 

() (()) () (0) 1. 12\ 
1 111 1 1l1 () 10\ 

0 (Q) 0 101 3 (11 

j il I () 101 :3 II) 8 (3) 

0 101 0 101 .5 (1) 

0 {0) j I 1) .s 1:31 
j I l J 2 il \ 4 141 

0 10\ j il) 0 101 

0 101 0 101 0 (OJ 4 121 
0 IOl 2 (ll () (0) 

+~Feds collt'cled Crom frt'"'h ft>cal ~amplF~ of Cani.< la1m111 
*-d!'nolr'~ thal no Lrial co11d1H·ted und!'r Lhi~ lrt·atnwnl comlJinulio11 

the unstratified trcat1ncnt.s 1hat had no increases 
in gennination after exposure to 4-5 weeks of 
·warm-moist conditions (i.e .. the later .sta~cs of the 
germination trialsJ. 

Response of the Arctostaphylos spp. 

Regardless of .scarification treatn1cnt. germination 
rates were low for both Arctostaphyfos spf'cies 
(Table 3). There ·were no significant differences in 
gerrnination arnong treatrnents. The various strati­
fication treatments al.so resulted in no differences 
in germination success. For /1. riscida. the 90°C 
\\·et-heat scarification lrf'attnf'nt with 60 days of 
stratification ·was replicated in 1985 ,\-ith another 
seed source. The rnean gerrnination of this 1984 
seed source "·as 10.6°/o ± 1.3. This was 
significantly greater than tht' 198:3 set'd source 
reported in Table 3. Althoug-h gennination 'vas 
significantly different, the percentage of seed 
yiability before scarification trt:"alnH:'nts was nol. 
Ho,,·ever, the seeds collected in 1984 ,\-ere gen­
erally laqier in size and mass than the seeds pro­
duced the previous year. 

.\jonc of the various co1nbinations of heat or 
stratification resulted in high percentages of ger­
mination of A. 11ie1rukka seeds. A.lthough slightly 
higher than tha1 of fresh seed. germination of seeds 
found in thf' fecf's of coyotes was relativf'ly low 
(:58°/o) (Table 3). Therefore, animal digestion by 
mammals did not appf'ar to hf' a significant factor 

in breaking- seed dormancy of this species. 
Ho\\f'vf'r, during the sf'ason in which fruits are ripe, 
large nun1bers of Arctostaph_11os seeds are "·idely 
disperst'd throughout tht:" region via fecal deposi­
tion. Thus, it is apparent that consu1nption of the 
Arcto,~taphylos fruits by 1narnn1als represents an ef­
fective means of seed dispersal. 

\\-'hile tht'se species did not respond to these 
gennination treatments. other species of Arc­

tvstaphylos have been reported to respond to heat 
treatments (Keeley 1977, Quick 1939). Arr­

tostaph)1os patula Greene is co1nn1only associated 
with thesf' spt'cies in the mixed conifer zone of the 
Sierra \" e\"a<la. Sef'ds of A. patula wf're ohseryed 
to genninate in densitie~ a~ high as 25,233/ha 
follO"wing fires in the northern Sierra Nevada 
(Kaufhnan 198/). AJthough seedlings of A. riscirla 
in densities as high as 1.567/ha "-ere present after 
fires, thf'ir nurnhf'rs \\·f'rf' f'xponentially less than 
those of A. patula (Kauffman 1987). ,.\_!though 

.seedling density of -4. viscida significantly increases 
rollowing- hif!;h consun1ption fires, it is apparent that 
neither heat nor chetnical changes (pH, nutrients . 
toxins. etc.) in the postfire environment are fac­
tors which inducf' thf' ht>avy sirnulLat1t'ous a1nount.s 
of g-ermination ob.scrYed for C. integerrirnus or A. 
patula. Si1nilar results of lo\\- gennination 1n 

laboratory tests of .1. i·iscida "'ere reported by 
Rogers (1949). 

Scarification and Germination of }lontane Shrub Seeds 185 



Based upon field ohsf'rvations of recf'ntly 
logged sites containing abundanl A. i:iscida and A. 
rnen·ukka seedlings, it appears that dormancy is 
often broken by rnt'chanical scarification of the 
seed coal. In logged areas. iL i" frequently observed 
that A. viscida densitif's are highest\\ hf'n" logging 
equip1nent has heavily impacted thf' soil. A.reas of 
impact such as hanf'sted stands in which logging 
slash has bt'en piled ,\-ill frcqut'nlly have higher 
densities of A. r•iscida than harvesLt'd stands in 
which logging slash ,\-as left in place (i.e., areas 
of less tnechanical disturbance). Conversely, logged 
arf'as in which slash is left in place and broadcast 
burned has been observed to have lo\\'f'r densities 
of A. i:iscida but higher dt'nsities of C. integerrintu.~. 

Conclusion 

The reHtlts of this laboratory study aid in the ex­
planation of Lhf' n1echanisms responsible for the 
increasf'd densities of C. integenimus in burned 
areas. A.lthough high densities of A. ri.~cida and 
A. rneu;ukka have been observf'd follo"·ing an­
thropogenic disturbances in mixed conifer eco­
systetns, additional research is needed to dt'ter­
minc those physical. chernicaL and biological 
mechanisn1s responsiblf' fl)r initiating gennination. 

Seeds of C. integenirnus 'vere scari fif'd by heat 
and required a cool-moist stratification period Lo 
break embryo dorrnancy. Opti1num scarification 
tc1nperatures were 75-100°C. A.t temperatures le$s 
than 100°C wi1\i either a 4 or 8 1ninute pf'riod of 
exposure. ,\-et-heat ,\-as significantly inon.' cffecti\e 
at seed scarification and iniLiaLion of germination 
than dry-heal. Seed f'xposure to a tcrnperature of 
120°C for 4 or 8 minu1es exponentially increased 
rnortality. Follo,\-ing stratification periods. gennina-

Literature Cited 

:\wkr~o11. J. \l 198.S. Effect~ ol"pr<'~f"l'ibed burning on 5hrub 
,;1Td~ ~IOI ed in the duff a11d ,;oil ol' a Sierra :\enidu 
mi>.('d ('011ifr·r fore~t. \15. Tlw~i~. l ni\. of Calif.. 

Berke le\ . .'39 JI· 
.\ria~. L. P. \1. William~ and J. ~-- Brabeer. 1976. Studie~ 

in seed donnann. f'la11la (Bed.). L.3 l; I:3.5-1.'30. 
Hi11kln. U.. K. Cromack and 1-t. I .. Frediik~on. 1982. :\ilrog('ll 

accretion and aYail11hilit: in ~ome snm' bru~h 
eco~y,;tem,;. For1\~I ."l'i. 28: 720-721. 

Chr·i~lf'n~en. :\. I.. and c. H. \luller. 1975. Fffc,·t~ or lin• Oil 

controlling pla111 gnJ\\lh in .4.dcrw:,toma chaparr11l. Ecol. 
\'lonograph;, -15:2<)-.5.5. 

Conard.~- G. and~- n. Rado~e,-i('h. l 'J82. Crowth re,;pon5c 
ofwhiH· fir lo decrea~ed ,;hading and rool competition 
by rnonturw ('hupanal ~hrub,;. Forc~I ~c-i. 28:::109-320. 

186 Kauff1nan and !Vlartin 

tion is alrnost simultaneous ''°ith 80-90°/o of all ger­
mination occurring in the first "'eek. Tn contrast, 
tht're was no gcnnination response to thermal 
scarification by .4. viscida or A. 1newukka in this 
study. 

l{csults of this study 'Yould infer Lhat rrescribed 
broadcast burning or 'vildfires would sti1nulate gcr­
rnination of C. integenirnus but not A. viscida or 
A. n1ewukka. These plant specit>s are i1npo1tant in 
the ecological functioning of mixed conifer eco­
systen1s and also are of aesthetic and economic 
significance. 

An incrf'ased understanding of the germination 
require1nents P1ay allo\\ for successful cstablish­
n1ent of these specif's "·here desired. Convf'rsely, 
1his information could also aid in controlling den­
sities ofthesf' shrubs in situations whf're unaccep­
table levels of cornpetition 'vith young conifers in 
rnanage<l plantations e.xist. 
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