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Abstract

Following fires in the [orested ecosyslems of the northern Sicrra Nevada and southern Cascade mountains, early successional com-
munities are often dominated by shrubs thal arise from sceds that have remained viable in soil seedbanks for decades, or even
centuries. The germination response ol seeds of three seral montune shruls species was investigated following exposure to differing
types of heat (wel vs. dry). lemperature levels. durations of temperature exposure, and differing lengths of stratification periods.
The highest germination ( > 60%) ol Ceanothus integerrimes H. & A, was chserved for seeds scarified by a wet-heat (treatment)
of 73-100°C for 1-8 minutes. Wel-heat treatments were more effeclive than dry-beat treatinents in scarifving seeds at all temperatures
below 100°C. At dry-heat exposures lor 120°C, 68-81% of the seeds were killed. Germination was less than 2% for seeds that
were not exposed to anv heat (scarification) treatment. Similarly, without stratification following scarification, germination was = 5%.
However, germination of scarified seeds followed by a stratification treatment was as high as 81.3%. No significam germination
was found for seeds of Aratostaphvios viscida Parey or for Arctostaphylos mewulkka Merriam regardless of treatment. Seeds of these
species require another chemical, physical. or environmental factor in order to break embryo dormancy or they may have inherently

low germination rutes.

Introduction

In the ponderosa pine (Pinus ponderosa Dongl. ex
P & C lawson) and mixed conifer-dominated
ccosystems of North America. early successional
stages are often dominaled by shrub species that
originate from seeds stored in soil seedbanks.
These seeds are deposited in the carly stages of
the sere priar 1o conifer dominance. During periods
of conifer dominance, they may remain dormant,
vet viable in extremely high numbers until dorman-
cv is broken by fire or some other disturbance. Ap-
proximately 3 million viahle seeds/ha of Ceanothus
and Arctostaphylos spp. were found in the soils of
an 80-100 vear old mixed conifer stand in Cali-
fornia (Anderson 1985).

Following fire or some other disturbance, these
seeds germinate in numnbers that far exceed the
carrving capacily of the site (Wells 1969,
Weatherspoon 1988, Kauffman 1987). However,
fire severily {i.e.. levels of biomass consumption
and hence heat flux into the soils) has been shown
to have dramatic inflluences on postfire shrub seed-
ling denstty. For example, Weatherspoon (1988}
found that the soil seedbank of Ceanothus velutings
Dougl. ex Hook. (snowhrush ceanothus) was not
significantly reduced by prescribed understory
burns of moderate or low consumptlion but up Lo
94% were destroved by high consumption fires.
Similarly, Kauffman (1987} {ound a strong rela-
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tionship between fuel consumption and Ceanothus
integerrimies Ho & A, {deerbrush) density. Seed-
ling densities of this species were 216.000/ha
following prescribed understory fires of high con-
sumption (92% consumplion of dead and downed
fucls), and 1667/ha in understory burns of
moderate consumplion {38% fucl consumption).
Apparently, in the high consumption burn, soil heat
flux was adequate 10 scarify large numbers ot
seeds. In contrast, the lower heat flux from the
moderate consumnption burn did not influence large
numbers of the soil seedbank.

In recently disturbed sites {e.g.. following clear-
cut logging), surface soil lemperatures exceeding
60°C are possible on hot summer days. The ex-
posure of the soil seedbank to these temperatures
has been reported to be adequate for scarificalion
and subsequent germination (Christensen and
Muller 1975, Gratkowski 1962).

Shrubs of the Arctostaphylos and Ceanothus
genera serve an important function in forest
ccosvstems. These species provide habital and
forage for mammals and birds {Cronemiller 1959).
Many Ceanothus species have nitrogen fixing
capabilities that result in the replacement of
nitrogen volatiliced by the [ire (Binkley et al. 1982,
Youngberg and Wollum 1976). Ceanothus and
Aretostaphylos spp. also serve as intermediate hosts
of mycorrhizal fungi which can have important




symbiotic relationships with conifers (Perry et al.
1987). Finally, 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 species, it is essential 1o understand
the factors affceting the dvnamie relationships he-
tween fire or other forest disturbances and the ger-
mination of these shrubs. Through increased
understanding of these relationships, it may be
possible to effliciently manipulate the abundance
of these species (l.e., decrease their abundance
where they are not desired or conversely, increase
their abundance where they are desired). To bet-
ter understand these relationships, a laboratory ger-
mination study of three montane shrub species was
conducted to investigate: (1) The relationship of
seed germination with varving levels and durations
of temperature exposure; {2) The influences of wel
versus dry-heal environment on germination; (3)
The influcnces of stratification length on germina-
tion.

Methods

Seeds of three montane chaparral specics were
used in this study: Ceanothus integerrimus var.
californicus {Kell.), (deerbrush ceanothus), Are-
tostaphylos viscida Parrv {whitcleafl manzanita) and
arctostaphylos mewukka Merriam (Indian man-
zanita}. These species arc common early succes-
sional constituents of mixed conifer ecosystems in
the northern Sierra Nevada, Although these species
have heen observed to have some capacity to
sprout following crown mortality (Kauffman and
Martin 1990}, their primary mode of regenera-
tion following disturbance is through seed
germinaltion,

Seeds were hand collected at the time of ripen-
ing (August-Septemhber, 1983 for C. integerrimus
and A. viscida, and August. 1984 for A. mewukka).
C. integerrimus and A. viscida were collected from
two early seral, shrub-dominated communities
located on the Quiney Ranger District, Plumas Na-
tional Forcst and the Challenge Experimental
Forest (also a part of the Plumas National Forest).
A, mewukka was collected at the Challenge Ex-
perimental Forest. Elevation of these sites ranged
from 1000-1350 m and mean annual precipita-
tion ranged from 800-1800 mm.

For each species, seeds were collected from at
least 25 randomly selected shrubs. After collec-

tion, seeds from all shrubs and locations were
thoroughly mixed together. Lots for the germina-
tion experiments were seclected from these com-
pusile samples. A sample of seeds of each species
was judged for viability by a cutiing test similar
to that of Young et al. (1978). During the forma-
tion of all sced lots. eriteria for the judgement of
viability included seccds free of insect and
mechanical damage, and of a proper shape and
seedcoat texture. If shriveled. damaged or pale in
color, the seed was rejected for germination, Heat
trealments were applicd in December. 1984, Ger-
mination trials oceurred from February-May 1985,

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

The scarification and germination response ta 24
different treatment combinations was examined in
this study. As in all experiments in this paper, each
treatment consisted of 3 replicates (lots) of 30 seeds
each. Approximately one-half of the trealments
consisted of a “wet heal” exposure and one-half
consisted of a “dry heat™ exposure. Tn the “wet
heat™ treatments, cach sced lot was exposed to a
given temperature level for a given period of ime
by submersion in a water bath. An oven with a
modified door for rapid insertion of the seeds with
minimal heat loss was utilized for the “drv heat”
treatments. The temperature levels for hoth heat
treatments included: 45°, 60°, 75°, 90°, and
100°C. In addition, a 120°C dry trealment and

a control (no heat) treatmenl was established.

Sceds were exposed to each temperature level
for 4 and 8 minutes with the exception of the 60°
treatments where only a 4 min. exposure was imple-
mented. For €. integerrimus and A. viscida at the
90° temperature level, and additional reatment with
an exposure duration ol 16 minutes was also ex-
amined. Following temperature exposure, all seeds
were stratified by packing them in moist perlite and
placing them in a cooler at 3°C for 60 days.

An additional treatment for A, mewukka was
examined; the effect of animal digestion on seed
germination. Covote (Canis latrans) feces contain-
ing large amounts of A. mewukka sceds were col-
lected. These samples were collected at the same
sites and times as the fresh seeds. These seeds
were also exposed 1o temperatures of 75° and
100° for 4 minutes. A control (no heat) treatment
was also examined.
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Experiment 2. The Effect of Stratification
Length on Germination

A total of 16 treatment combinations were exam-
ined in this experiment. Seeds were exposed 1o wet
or dry heat treatment of 90°C for a duration aof
4 and 8 min. Ltilizing these scarification combina-
Lions, four stratification treatmenls were examined:
{1) 60 days stratification lollowing scarilication, (2)
90 days stratification following scarification. (3} 60
days stratification and then scarification, and (4)
no stratification. Snatification lemperature was 3°C
for all trealments.

For the germination trial, cach lot of seeds was
placed in petri dishes between blotter paper and
moistened with distilled water. To prevent water-
logged or dry conditions. a layer of perlile was
placed between the blotter paper an the bottom
of the petri dish. During germination trials, seeds
were kept al a lemperature of approximately 21°C,
and all were exposed Lo approximately 11 hours
of light daily. Germination was recorded weekly
for 5-6 weeks. Emergence of the hypocotyl from
the seed coul was the eriterion for determination
of germination.

During germinalion trials. the number of €. in-
tegerrimus seeds that imbibed water (i.e.. were
scarified) and those that died were recorded 1o
assess the treatment effects on these variables.
Mortality was recorded when the seed was obvious-
ly rotted. These were casily separated from living
seeds which did nol become moldy and remained
firm. Death and water uplake {imbibition) were not
discernible for the Arctostaphylos spp.

It was cstimated that greater than 95% of the
sceds wiilized were viable, Data were analyzed
utilizing Analysis of Variance. Il significant, a muli-
ple comparison test (Student-Newman-Keuls') was
utilized to determine significant differences among
treatments,

Results and Discussion
Ceanothus integerrimus

Temperature Effects on Scarffication and
Germination

The highest levels of germination occurred l[ollow-
ing exposure lo the 75%C. 90°C and 100°C
trealments (Table 1), In the wet-heal reatments,
germination was greatest when seeds were exposed
to 90°C for 4 and 8 minutes {73-73% germina-
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tion). but declined in lots exposed for 16 minutes
(46.7%}. The highest rate of germination in dry
treatments was in lols expased to 100°C for 4 and
8 minutes (532-33%!}.

There were large differences in the percent of
germination hetween wel and dry-heat treatments
at all temperatures below 100°C (Table 1). For
example, germination was greater than 32% for
all of the wet-heat treatments below 100°C. In con-
trast, there was little or no germination in dry heat
treatments of 45°C or 60°C. Seed germination was
signilicantly higher in wet treatments over dry
treatments al exposurcs of 602, 75°C and 90°C
temperature levels (Table 1).

Following exposures of 60°C for four minutes,
100% of seeds exposed 1o wel heat and 27% of
seeds exposed to dry heat were scarified. Germina-
tion was 48% and 2% for the wet and dry heat,
respectively. This indicates that the environment
surrounding the seeds will dramatically influence
rates of scarification and hence, germinalion.
Under natural conditions, if surface soil tempera-
tures arc ~43-60°C when soils are saturated,
thermal scarification from solar insulation is possi-
ble. Conversely. when soils are dry, temperatures
of 90°C may be required io achieve these same
Tevels of scarification (Table 1).

The percentage of seeds that were scaritied was
significantly different among seeds exposed 1o wel
or dry heat. In wet-hcal treatments. all treatments
above 45°C had a 100% level of scarification. Tn
contrast. of all the drv-heat treatments, only ex-
posure to 120°C resulted in 100% scarification

(Tahle 1).

The processs for germinalion is initiated in
Ceanothus species when gas and water exchange
occurs through the hilar fissure; an opening that
biscots the hilum of the seed apex (Gratkowski
1962). In mature dormant Ceansthus sceds, the
hilar fissure is sealed by opposing pressures of the
two edges of this fissure against each other. Heat
iscarification) in Ceanothus opens the hilar fissure
allowing (or gas and waler exchange to oceur be-
tween the surrounding environment and the endo-
sperm and embryo of the seed. In studics of C.
velutinus sceds, Gratkowski (1962) reported that
heat affected only the hilum of sceds rendering it
permeable to moisture; the rest of the seed coat
was not affecled and remained impermeable. From
examination of scarificd C. integerrimus sceds, heat
appeared to only affect the hilum. After imbibition,




TABLE 1. Percent germination. death. and scarification for Coanothus integerimus seeds exposcd to differing lemperatures, lengths
of exposure and different heat sources. Stratification period was for 60 days. Data are mean and standard error {in

parentheses),

Heat Source

I3uration of

Temperature Exposure

Wet (Waler bath)

Drv {Oveny

C {min} Y Germination % Dead % Scarification % Germination % Dead % Scarification
Conlrol—no heat trealment T 11 it 15 {1 - - —
15° 4 3307 17 (5) 69 (8) 2 13 i3 25 (3
8 33 (15 3 (1) 86 (3 1 142y 25 11
60° 4 48 (14 02) 100 (O 2 16 4y 27 06)
8 — - — 9l 11 (h 29 2y
73° 4 68 116} 19 16} 100 1y 27 {1y 11 (3 18 i)
a &3 (131 19 (8} 1060y 16 (4 11 (3} 30 151
902 1 15 17) 23 15} 10010y 23012 13 12} TO 34
8 FENEY) 19 16} 100 10) 36 14y 15 12} 725
16 17 13 28 11 h 100 0y 27011y 1245 68 19
19007 4 67 08) 27 (N 100 0y 53 (8 15 (3) 871
8 15 11y 41 {1 100 (M) 32 (10) 19 {8) 85 (2)
120° 4 - - — 11 (1} 68 i13) 100 ()
8 — — — 8 (1} 811171 100 10}

openings along the hilar fissure were apparent with
the naked eve. In addition, emergence of the rad-
ical always originated through the hilar fissure,

The difference in percent of seeds that were
scarified at lower temperatures indicates that ex-
posure to wel-heat is more efficient in apening the
hilar fissure than the dry-heat. Whether this was
a result of increased thermal conduclivity in a water
medium or some chemical-mechanical reaction due
to conlact with water is unknown.

Seed mortality did not significantly differ in all
dry-heat treatments from 45-100°C. However, in
the 120°C treatments, mortality significantly in-
creased and was over 4 times greater than in the
100°C treatments. There was also a relationship
hetween duration of heat and seed mortality at the
100°C level. For example. in the 100°C wet-heal
treatments, mortality following & minules of heat
exposure was 14% greater than mortality follow-
ing 4 minutes of exposure. Similar results were
reported by Quick {1959} who found the highest
germinalion of Ceanothus spp. occurred when
boiled for 3 minutes. Germination declined when
boiled for longer periods. Quick and Quick (1961)
predicled a 4.2% drop in germination would oc-
cur for each minute €. integerrimus was immersed
in hotling water.

Effects of Varying Durations of Stratification

After scarification, gas exchange al lower lemper-
atures is necessary for seeds to overcome certain
biochemical inhibitions to germination. Abscisic
acid has been identified in the seeds of several
specics as an inhibilor of germination and has heen
found 1o deercase during chilling periods (Arias
et al, 1976, Wareing et al. 1973}, Concomilant
with the decrease in abscisie ucid. Wareing et al.
(1973) and Arias ef af. (1976) reported increases
in cylokinins and gibberelling which have been
found 1o promote germination. In this study we
lound that little ¢r no germination occurred in seeds
that were not stratified lollowing scarification nor
was there appreciable (< 1%) germination in seeds
exposed to cold periods prior 1o scarification (1able
2} In contrast, germination was as high as 81%
lor scarified seeds with a 90 day stratification
(Table 2).

Stratilication resulted in highly significant in-
ereases i germination. In addition. the sample
means were consistently higher in the 90 dav
stratificalion treatment in comparison Lo the 60 day
stratification treatment. This is particularly true in
the dry-heat treatments where germination rates
increascd from 22.9 10 54.7% In 4-min treatments
and from 36.0 to 32.7% in S-min Lreatmenls
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TABLE 2. The percent germination of Ceanothus integernimus {Table 2). In both the 60 day and 90 day stratifica-
resulling from four different stratification trealments. tion treatments exposure of seeds to the wet-heat
‘ al tres s of 507G f F L .
Sceds were exposed to heul treatments of 90°C. for treatment al 90°C resulted in significantly higher

4 or 8 minutes prior to stratification. Daia are the . .. . i
mean percent germination und standard errvor {in levels of germinalion than identical exposures to

parentheses). Different superseripted letters denote dry-heat treatments.
a significant difierence (P =< 0.05) In means be-
tween all treatmeuls. In mixed conifer ecosystems. hundreds of
thousands of shrub seedlings/ha have emerged the
Length of Heat Source first postfire spring (Kauffman 1987). Following
Exposure Wet dry fire or other disturbance, rapid germination is a
Treatment {unin) water bath) {Oven) competitive advantage (acilitating expleitation of
60 d 1 75¢ (7) 230 (12) limiting resources. For all of the 60 and 90 day
a 737 (4) 36" (14 stratification lreatments, greater than 90% of the
90 d 4 81 (2 55% (7 seeds that germinated did so in the first week
8 9N 54" (@) {Figure 1). From examination of Figure 1, it is ap-
60 d pricr to 4 1¢ (1) 1= () parent that straiification requirements of the
scarification & o 0 {01 response of seeds in this species are only met with
no stratification ; 1 ti; } f&; cool-moist conditions. This can be evidenced
a2 “

through examination of the response of sceds in
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Figure 1. Weckly gormination of €. integerrimus seeds thal were exposed to 90°C for 4 and & min, and subjected to 3 different
stratification treatments. The first number refers to the length of stratification period (0, 60 or 90 duys). The second
mumber refers to the duration of heat exposure (4 or 8 min.). The W refers to the wet heat treatment and the D refers
to the dry heat treatment.
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TABLE 3. The germination of Arctostaphyvios viscida and Arctostaphylos menukba lollowing different temperatures and duration
of exposure. Numbers are mean and standard error (in parentheses), Stratification length was 60 davs, There were
na signilicant dilferences (P =< 0,03} in germination among treatments.

Duration of

A, viseida

A mewukka

Fxposure Wer (Water bath) Dy (Oveny Wet {Waler hath) digestediwet +
Treatmenl (min} Y Germination % (Germination % Germination % Germinalion
contrel —ne heat treatment 0 0t 1 (1 1 {1
15= 4 0 {0} 0 (M 1121 ~F
a I 1 0 -
60~ B (L o 34l —
757 ES 1 0 im 300 g (3
5] 0 04D 5 -
90~ 4 00} 1) 53 -
8 111y 2l 4 {4 -
16 0 1 [ER10)] -
100# 4 [URIV]] VRV O 4 (2
8 070y 211 0O -

+seeds collected from {resh fecal samples of Canis latrans

*—denotes that no trial conducted ender this treatment combination

the unstratified treatments that had no increases

in germination after exposure to 4-5 weeks of

warm-moist conditions (i.c.. the later stages of the
germination trials).

Response of the Arctostaphylos spp.

Regardless of scarification treatment, germination
rates were low for both Arctostaphylos species
(Table 3). There were no significant differences in
germination among treatments. The various strati-
fication treatments also resulted in no differences
in germination success. For A. viscida. the 90°C

wet-heat scarification trealment with 60 days of

stratification was replicated in 1985 with another
seed source, The mean germination of this 1984
seed source was 10.6% x 1.3. This was
significantly greater than the 1983 seed source
reported in Table 3. Although germination was
significantly different, the percentage of seed
viability bhefore scarificalion lreatments was nol.
However, the seeds collected in 1984 were gen-
erally larger in size and mass than the seeds pro-
duced the previous vear.

None of the various combinations of heat or
stratification resulted in high percentages of ger-
mination of 4. mewukke seeds. Although shghtly
higher than that of fresh seed, germination of seeds
found in the feces of covotes was relatively low
{=8%) (Table 3}. Therefore, animal digestion by
mammals did not appear to be a significant factor

in breaking seed dormancy of this specics.
However, during the season in which fruits are ripe,
large numbers of Arctostaphvios seeds are widely
dispersed throughout the region via lecal deposi-
tion. Thus, it is apparent that consunption of the
Arctostaphylos [ruils by mammals represents an ef-
fective means of seed dispersal.

While these species did not respond to these
germination ftreatments. other species of Are-
tostaphylos have been reported to respond to heat
treatments (Keelev 1977, Quick 1939). Are-
tostaphylos patula Greene is commonly associated
with these species in the mixed conifer zone of the
Sierra Nevada. Seeds of A. patula were observed
to germinate in densities as high as 25.233/ha
following fires in the northern Sierra Nevada
{Kauffman 1987). Although seedlings of A. uiseida
in dengitics as high as 1.567/ha were present after
fires, their numbers were exponentially less than
those of A. patula (Kauffman 1987). Although
seedling density of A. viscida significantly increases
l[ollowing high consumption fires, it is apparent that
neither heat nor chemical changes (pH. nutrients,
toxins. cte.) in the postfire envirenment are fac-
tors which induce the heavy simullaneous amounts
of germination obscrved for C. integerrimus or A.
patula. Similar results of low germination in
laboratory tests of A. wiscida were reported by

Rogers {1949).
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Based upon field observations of recently
logged sites containing abundant A. viscida and A.
mewukka scedlings, it appears that dormaney is
often broken by mechanical scarification of the
seed coal. In logged arcas. il is frecuently observed
that A, viscide densities are highest where logging
equipment has heavily impacted the soil. Arcas of
impact such as harvested stands in which logging
slagh has been piled will frequently have higher
densities of A. wviscida than harvesled stands in
which logging slash was left in place fi.c.. areas
of less mechanical disturbance). Conversely, logged
areas in which slash is left in place and broadcast
burned has been observed to have lower densities
of A. viscidea but higher densities of C. integerrimus.

Conclusion

The results of this laboratory study ald in the ex-
planation of the mechanisms responsible for the
increased densitics of . integerrimus in hurned
areas. Although high densitics of A. riscida and
A. mewukka have been observed following an-
thropogenic disturbances in mixed conifer eco-
syslems, additional research is needed to deter-
mine those physieal, chemical, and biological
mechanisms responsible for initiating germination.

Seeds of C. integerrimus were scarified by heat
and required a cool-moist stratification period Lo
break embiryo dormancy. Optimum scarification
temperatures were 75-100°C. At temperatures less
than 100°C with either a 4 or 8 minute period of
exposure. wet-heat was significantly more effective
at seed scarification and initiation of germination
than dry-heat. Seed exposure to a temperature of
120°C lor 4 or 8 minutes exponentially increased
mortality. Following stratification periods, germina-
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mination occurring in the first week. In contrast,
there was no germination response to thermal
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study.

Results of this study would infer that preseribed
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