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Heat-Treatment Effects on Seed Bank Species of an Old-growth
Douglas-fir Forest

Abstract

Although many studies have investigated the density und species composition of soil secd banks, fow studies have investigated 1he
effect of disturbanee on sced banks. An carlier field study (Clark 1991) showed that the density of buried seeds of an old-growih
Douglas-fir forest after logging and slash-burning was significantly less than the seed bank density of an adjacent, undisturbed old-
growth Douglas-fir forest. The purpose of the present study was to investigate the mechanisms for this seed bank reduction. Six
species found in the old-growth seed bank received experimental heat treatments that included six combinations of temperature.
duration and =oil moisture. Generally, germination percentages were not significantly affected when seeds were heated at 50C for
one hour in either the wet or dry soil. but were significantly reduced at 100C for 15 min in both the wet and drey soils. When
the seeds were heated at 73C for 15 min, germination was significantly reduced in the wet soil onlv. Because of the seeds” sensitivity
to heat, few of these seed bank species are likely to be available for establishment after fire, even one of low intensity. This ex-
perimental stucly supports the hypothesis that seed mortality from elevaled temperature during fire reduced seed bank densities
of the old-growth farest and doces not support the hyvpothesis thal the reduction was due 10 stimulation of germination hy heal. Al-
thaugh this study wested species with different growth forns and longevities. germinalion responses were generally the same for all speeles.

Introduction

Substantial numbers of dormant sceds have been
found in the soil of most habitals (Leck et al
1989). This soil sced bank provides an immedi-
ate source of propagules for revegetation after dis-
lurbance (Roberts 1981, Pickell et al. 1987). The
persistent seed bank also maintains a reservoir of
genolypes thal ean provide substantial flexibility
to environmental changes, buffering the popula-
Lion from exlinction and preserving Lhe species
within a community {Templcton and Levin 1979).
Although numerous studies have investigated the
seed densily and species composition ol soll seed
banks {Leck et al. 1989), relatively few studies
have investigated the effect of disturbance on seed
bank density and composition {Roberts and
Dawkins 1967, Uhl et af 1981, Mallik and
Gimingham 1985, Smith and Kadlec 1983, Has-
san and West 1986, Kaulfman 1986). High tem-
peratures from fire generally lower the seed bank
density either by seed mortality or bv heat-
stimulated sced germination, thus favoring the sur-
vival of species with heat-resistant seeds or with
sceds that are stimulated 1o germinate by heat.

Both natural fires and slash-burning after clear-
cul harvesting are important disturbances in the
coniferous forests of the Pacific Northwest, We re-
cently compared the seed bank density and com-
position of a recently disturbed old-growth
Douglasfir forest with the seed bank of an adja-
cent undisturbed old-growth Trouglas-fir forest

(Clark 19971). The disturbed site was logged in late
fall 1985 and the slash burned with a low-intensity
fire in July, 1986. Temperatures of the mineral
soil during the fire were between < 52C and 177C
al the surfaces, between <39C and 139C at 2 ¢m,
hetween 52C and 66C at 4 cm, and <3532C at 6
cm (M. V. Wilson, unpublished data). (The dura-
tion of the temperature cxposure was not meas-
ured.) Seed hank samples collected the following
spring showed that the disturbed seed bank den-
sity (18.4/m?) was significantly less than the old-
growth sced bank (88.6 sceds/m?) (Clark 1991).

The purpose of the present study was 1o inves-
tigatc the mechanisms for this sced bank reduc-
Lion using an experimental approach in a controlled
laboratory setting. The specific objective was to de-
termine the response ol seeds 1o various tlempera-
tures, durations of heating. and seil conditions (wet
or dry}.

Study Species

All herb and shrub species found in the soil seed
bank of an old-growth Douglas-fir forest (Clark
1991} were selected for experimenial heat treat-
ment exeept for Watson's willow-herb (Epilobium
watsonii}, sofl rush (funcus effusus), and Pacific
blackberry (Rubus wrsinus), which were not in-
cluded because of difficulty in germinating the
seeds of these species. The remaining six stuey
species included an early successional annual,
wood groundsel {Senecio sylvaticus), an carly
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successional bicnnial, common Lhistle (Cirsium vul-
garel. two herbaceous perennials. Dewey’s sedge
{Carex deweyana) and fireweed (Eptlobium angusti-
Solium), and two old-growth woody

understory
species, western rhododendron {Rhododendron
mecrophyllum) and salal (Gaultheria shallon). Four
of these species, Gandtheria shallon. Rhododendron
macrophyvlium, Epilobium angustifolium and Sere-
cio sylvaticus, are also important components ol
the: initial vegetation following disturbance by log-
ging (Dyrness 1973, Halpern 1989, Clark 1991},
Little information is known about sced densities
at different soil depths and the seed longevity of
these species in old-growth Douglas-fir lorest sced

hanks (Kellman 1970, 1974).

Evidence from an earlier studv (Clark 1991)
showed that relatively few individuals established
from seed the first vear after disturbance al the
study site. Kellman (1974) suggests that only
logged sites contiguous to an established carly sue-
cessional communily would receive appreciable mi-
grant seed of early successional species due 1o the
incfficient movement of these species’ seeds
through forest stands. Since our sile was not adja-
cent 1o such seed sources, a large portion of the
few individuals establishing from seed the first year
probably came [rom seed bank propagules. The
second vear after disturbance broughl a tremen-
dous increase in individuals establishing lrom seed
(Clark 1991}, The source of these seeds was proh-
ably on-site seed dispersal lrom the few annuals
establishing lrom sced in the first vear, particularly
Senecio sylvaticus. Thus, although sced bank den-
sitics were low compared te other forests (Strick-
ler and Fdgerton 1976, Moore and Wein 1977,
Kramer and Johason 1987, Morgan und Neuen-
schwander 1988, and Fyles 1989), planis estab-
lishing from the seed bank might strongly influence
revegelalion starting in the second vear after dis-
turbance.

Methods

Seeds were colleeted al maturity from plant popu-
lations growing at the study site localed in the H.J.
Andrews Experitnental Forest, a National Science
Foundation l.ong-Term Fcological Rescarch Site
in the western Cascade Mountains of Oregon. The
collection site, about 800 m elevation. was domi-
nated by old-growth western hemlock (Tsuga
heterophylla) and Douglas-fir (Pseudotsuga men-
ziesii) with some western vedceedar (Thuja plicata).
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The understory included dwart Oregon grape (Ber-
berts nervosa), twinflower (Linnaea borealis). red
huckleberry (Vaccinium parvifolium). Rhododen-
dron macrophyllum and Gaultheria shallon, The
habitat-type Is  classificd as western hem-
lock/rhododendron/dwart Oregon grape (Dyrness
et al. 1974). After seed collection in the summer
of 1988, the sceds were stored dry at 4C until ex-
perimental treatments were conducted in early
1990. Preliminary germination lesls necessitated
this schedule.

Experimental treatments included six combi-
nations of temperalure, duration and soil moisture:
seeds heated in dry soil at 30C for one hour, 75C
tor £5 min and 100C for 15 min, and seeds heated
in moist soil at the same three temperatures and
durations. These conditions were selected 1o malch
soil temperature data collected during the 1986
slash burn following logging near the site (M. V.
Wilson. unpublished data) and to mateh moisture
extremes found between the wetter soils of spring
and late fall and the drier seils of summer.

For each heat treatment. two test tubes (2.5 em
diameter x 15 o deep) per species were placed
in a water bath. Fach tube was filled with 20 sceds
mixed with approximately 15 ¢m® dry soil; 10 ml
of water was added to the second tube 3 minutes
before being placed in the water bath, (For Cir
stum vulgare, 10 sceds were used in each test
tube). This procedure was replicated five times per
cxperimental treatment. These methods are modifi-
cations of mcthods commonly used by other
researchers investigating heat effects on seed ger-
mination (Gratkowski 1962, Keclev er al. 1985,
Mallik and Gimingham [985. Kauffman 1986,
Bell et af. 1987, Kecley 1987).

In preliminary tests, thermistors were placed
al Tour locations in a test tube filled with 15 em?
soil: at the surface, in the center midway down the
tube, along the side next to the glass midway
down, and at the bottom. Temperatures were
recorded during cach of the six experimental con-
ditions. These tests showed that (a) it took approx-
imately 7-10 min for the soil temperature in the
test tubes to equilibrate, (b) the temperature of the
soil al equilibrium was the same as the lempera-
ture of the water bath, with the exception of the
dry =oil, which was 98C at the 100C treatment,
and (¢) the soil temperature after equilibration was
uniform throughout the test tube during each
lrealment,




After each heat treatment the contents of cach
lest lube were emptied into a Petri dish. In addi-
tion. to make sure no seeds were left behind, the
residues in the test tubes with wet soil were rinsed
with distilled water. filtered, air dried and added
to the appropriate Petri dish. Five controls {no heat
lreatment) for each specics were treated identically
as the experimental treatments: that is, the same
procedures for transferring soil and seeds were fol-
lowed for the controls as were used for the ex-
perimental trealments,

The Petri dishes were placed in a controlled
environment with 14 hours of light and moistened
with distilled water as needed. Preliminary tests
showed that Gaultheria shallon. Senecio svivaticus
and Rhododendron macrophyllum germinated hest
with alternating temperatures of 20C for 11 hours
and 15C for 10 hours. The other species germi-
nated hest al allernating temperatures of 30C for
14 hours and 20C for 10 howrs. Therelore, these
temperatures were used Lo promote germination.
The number of germinating seeds was counted until
no new germinalion occurred for at least 14 days.
Seeds were considered germinaled when the shoot
could be seen.

Differences in final germination rates between
treatments and conlrols were lested for statistical
significance with a Mann-Whitney test (Conover
1980).

Results and Discussion

For five of the six species, germination percentages
vere nol significantly affeeted compared 10 un-

heated controls when sceds were heated a1 50C
for ene hour in cither the wet or dry soil (Table
1. The single exception was FEpilobium angustifo-
Lium for which germinalion was significantly
reduced in the wet soil at S30C. Germination per-
centages of all six species were significantly
reduced at 1OOC for 15 min in both the wet and
drv soils (Table 1}. When Lhe seeds were heated
at 75C for 15 min, germinalion was significantly
reduced in the wet soil only. No lreaiment
produced significantly higher germination than the
control. Thus, seeds of these seed hank species
appear to he killed at the relatively low tempera-
tures of 750 and 100C, with the elfect stronger
in wel soil,

Several factors may explain why the wet and
drv soil reatments differed at 75C. The increased
sced mortality with wet soils might have been due
to increased heat conduetivity through the moist
seed coats, causing death of interior seed lissue.
The seeds in the wel soil could also have imhibed
more water than those in the dry soil. Seeds, par-
ticularly those of herbaceous species, that absorh
moisture bevond 20% of their dry weight can be
quite sensitive to heat (Parker and Kelly 1989).
possibly because enzymes are more susceptible 1o
heat denaturation when hydrated than when dry
(Salishury and Ross 1985). Allhough preliminary
tests at 750 showed that dry and wel soils differed
lile in temperature, the wet soil a1 75C toek an
average ol about 9 min to cool to 30C afier removal
from the waler bath compared to the average time
of 5 min for the dry soil; thus, more seeds could

ABLE 1. Mean seed germination pereentages [ollowing experimental heat treatments of six species found in the seed bank ol
an old-growth Douglas-lir forest. The treaiments were: W50, 30C for 60 min in wel soil: W75, 75C for 15 min in
wet soil: W100, 1000 for 15 min in wel soil: D50, 30C for 60 min in dry soil; D75, 75C for 15 min in dry soil: D100,
LOOL for 15 min in dry soil; and CON. control. n=5. Differences in germination percentages between treatment and

control were tested wzing the Mann-Whilnes test,

TREATMENTS

SPECIES Wt W75 W00 D30 n7s D109 CON
Carex dewevana 83 (e [ 89 89 0** 49
Cirsiwmn vedgare 34 (s (U 14 32 6* 62
Epilobium angustifolium (1R [0l (AL 26 30 20
Gaultheria shallon 21 (b 4k 20 10 17
Rhododendron macropletim A7 (p 0** 33 18 2%% 41
Seneeio sylvaticus T2 (yk (% 72 6 20%% 87

P < 0.03
w0 p 2 0,00
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have been killed because of the longer tempera-
ture durations.

Germination percentages of all species were sig-
niticantly reduced aller heating 1o 100C in both
wet and dry soils. This experimental study thus
supports the hypothesis that the general reduction
in the mean seed bank density aller logging and
slash-burning of the old-growth Douglas-fir forest
(Clark 1991} was caused by sced mortality from
clevated temperature during fire. This general
reduction contrasis with survival of temperatures
greater than 100C by sceds of scveral species of
mixed coniferous forests (Strickler and Edgerton
1976} and of chaparral (Keeley et el. 1985). The
results presented here do not support the hypothe-
sis that reduction was due to stimulation of germi-
nation by heal, as sometimes oceurs in Douglas-fir
forests {Gratkowski 1962), heathlands (Mallik and
Gimingham 1985), chaparal (Keeley ef al. 1985),
and mixed coniferous foresis of Sierra Nevada

{Kaulfman 1986},

Although this study tested several species with
different growlh forms and longevitics, germination
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responses were similar (Table 1): all specics were
killed at relatively low temperatures and none were
stimulaled by heat 1o germinate {Table 1}. Other
studies report a diversity of germination responses
to heal treatments among species within a single
ecosyslem (Flovd 1960, Keelev et al. 1985, Mal-
lik and Gimingham 1985, Bell ef al. 1987). Spe-
cies whose seeds are able Lo survive elevated
temperalures or whose seeds are physically stimu-
lated by healing are somctimes more prominent
early in succession after disturbance (Floyd 1966,
Keeley et el 1985, Morgan and Neuenschwander
1988). Similarity of responses to elevated temper-
alures seen in this study, however, argues againsi
fire as an agent lavoring the seeds of one of the
six study species over another,
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