Utah State University

Digital Commons@USU

et Quinney Natural Resources Research Library,
The Bark Beetles, Fuels, and Fire Bibliography S.J and Jessie E.
1972

Lethal and Nonlethal Effects of the Organic Horizons of Forested
Soils on the Germination of Seeds from Several Associated
Conifer species of the Rocky Mountains

T. W. Daniel
Utah State University

Josef Schmidt
Utah State University

Follow this and additional works at: https://digitalcommons.usu.edu/barkbeetles

6‘ Part of the Ecology and Evolutionary Biology Commons, Entomology Commons, Forest Biology
Commons, Forest Management Commons, and the Wood Science and Pulp, Paper Technology Commons

Recommended Citation
Daniel, T. and Schmidt, J. (1972). Lethal and nonlethal effects of the organic horizons of forested soils on

the germination of seeds from several associated conifer species of the Rocky Mountains. Can. J. For.
Res. 2(3): 179-184.

This Article is brought to you for free and open access by

the Quinney Natural Resources Research Library, S.J. and

Jessie E. at DigitalCommons@USU. It has been accepted

for inclusion in The Bark Beetles, Fuels, and Fire A

Bibliography by an authorized administrator of /\.

DigitalCommons@USU. For more information, please éllg ,‘u)’ UtahStateUniversity

contact digitalcommons@usu.edu. - MERRILL-CAZIER LIBRARY


https://digitalcommons.usu.edu/
https://digitalcommons.usu.edu/barkbeetles
https://digitalcommons.usu.edu/quinney
https://digitalcommons.usu.edu/quinney
https://digitalcommons.usu.edu/barkbeetles?utm_source=digitalcommons.usu.edu%2Fbarkbeetles%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/14?utm_source=digitalcommons.usu.edu%2Fbarkbeetles%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/83?utm_source=digitalcommons.usu.edu%2Fbarkbeetles%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/91?utm_source=digitalcommons.usu.edu%2Fbarkbeetles%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/91?utm_source=digitalcommons.usu.edu%2Fbarkbeetles%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/92?utm_source=digitalcommons.usu.edu%2Fbarkbeetles%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/93?utm_source=digitalcommons.usu.edu%2Fbarkbeetles%2F96&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/

Lethal and Nonlethal Effects of the Organic Horizons of Forested
Soils on the Germination of Seeds from Several Associated Conifer
Species of the Rocky Mountains'

T. W. DANIEL AND JOSEF SCHMIDT?
Forest Science Department, College of Natural Resources, Utah State University, Logan, Utah 84321
Received October 26, 1971

DanieL, T. W., and Scamipt, J. 1972, Lethal and nonlethal effects of the organic horizons of
forested soils on the germination of seeds from several associated conifer species of the Rocky Moun-
tains. Can. J. Forest Res. 2, 179-184.

The study tests whether the lethal effect of overwintering Engelmann spruce seed in its O-horizon
affects Douglas-fir, lodgepole pine and subalpine fir seeds and whether the O-horizons of the three
associated specics have the same lethal effect on seeds. All seed treatments of each species were
stratified in petri dishes in the pure O-horizon (unsterilized and autoclaved) of each species. Seed
treatments were untreated, 109 slurry of 509, Captan and powdered 759, Captan.

All untreated seeds demonstrated the lethal quality of unsterilized Engelmann spruce O-horizon.
Its effects on untreated seeds and powder treated seeds were as follows: Engelmann spruce seed 3.5
and 77.3%, (germination of untreated and powdered respectively), subalpine fir seed 1.3 and 20.8,
Douglas-fir seed 9.5 and 84.8 and lodgepole pine seed 11.9 and 85.7. Subalpine fir O-horizon was
lethal to its own seeds but only moderately harmful to seeds of other species. Douglas-fir O-horizon
had a significant adverse effect on its own seeds and was only moderately harmful to seeds of other
species. Lodgepole pine O-horizon was almost neutral to all seeds. Autoclaving of the O-horizons and
powder treatment of seeds produced similar results.

Danier, T. W. et Scumiot, J. 1972. Lethal and nonlethal effects of the organic horizons of
forested soils on the germination of seeds from several associated conifer species of the Rocky Moun-
tains. Can. J. Forest Res. 2, 179-184.

Le but de cette étude est de tester 8'il y a un effet 1éthal dii & la présence des graines de I'épinette
d’Engelmann qui ont passé Phiver dans leur horizon O, sur les graines de sapin de Douglas, de pin
a feuilles tordues et de sapin concolore et inversement. Les lots de graines de chaque espéce furent
stratifiés dans des plats de Petri contenant I’horizon O de chaque espéce, non stérilisé et traité a I'auto-
clave. Les graines (1) non-traitées, (2) traitées avec une suspension a 10% de captan a 509, et (3) sau-
poudrées avec captan a 75%,. Toutes les graines non-traitées ont prouvé que I’horizon O non-stérilisé,
de Pépinette d’Engelmann possédent des qualités léthales. Ses effets sur les graines non-traitées et
traitées & Ia poudre furent les suivants (les chiffres indiquent le pourcentage de germination chez les
graines non-traitées et traitées & la poudre respectivement): graines d’épinette d’Engelmann 3.5 et
77.3, graines de sapin concolore 1.3 et 20.8; graines de sapin de Douglas 9.5 et 84,8 et graines de
pin a fevilles tordues 11.9 et 85.7. L’horizon O du sapin concolore avait des effets Iéthaux sur ses
propres graines, mais des effets modérément nocifs sur les graines des autres espéces. L’horizon O
du pin a feuilles tordues avait un effet neutre sur toutes les graines. Enfin, le traitement & I’auto-
clave des horizons O et le traitement a la poudre des graines ont donné des résultats similaires.

[Traduit par le journal]
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In the complex ecosystem of a forest stand,
many factors influence whether a tree seed
will germinate and grow to become a part of
the next generation. In the Rocky Mountains,
a seed overwinters on the forest floor where
the moist, cool storage (stratification) prepares
the seed for rapid germination in thespring. Yet

1Publication approved by Director of Utah State
Agricultural Research Station.

2Present address: Institut fuer forstliche Standortsfor-
schung, Hochschule fuer Bodenkultur, Wien, Austria,

Canadian Journnl of Forest Rescarch, 2, 179 (1972}

this same environment can be very hostile. Just
how and in what form the hostility is expressed
depends upon the characteristics of the seed
bed, the insolation, the density of the rodent
population and many other elements.

One of the characteristic seedbeds of the
forest floor is the organic layer above mineral
soil, the O-horizon. The O-horizon is defined
by the latest soil classification as the horizon
(1) formed or forming in the upper part of a
mineral soil and above the mineral part and
(2) dominated by fresh or partly decomposed
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organic material. The O-horizons used in this
study consisted of leaves or needles, small
twigs and possibly faunal remains, all in
various stages of decomposition. The general
concensus (Moore 1926; Barr 1930; Baldwin
1942; Smith 1954; Roe and Schmidt 1967)
is that this seedbed is an unfavorable one for
conifer seeds, though in mixed stands repro-
duction often occurs under trees of a different
species (Dengler 1944; Koestler, 1950). If
the biological entity of a forest type is con-
sidered a product of the coevolution of its
constituents, then the possibility cannot be
overlooked that the forest O-horizon, itself a
complex of dead and living matter, contributes
some selective influence.

This study was designed to explore whether
the lethal effect of the Engelmann spruce
(Picea engelmannii Parry) O-horizon on over-
wintering Engelmann spruce seed ((Daniel
and Glatzel 1966) (confirmed a series of field
trials on overwintering seed inthe O-horizon
and bare soil)) was selective only for Engel-
mann spruce seeds and whether the O-horizons
of associated species produced similar re-
actions.

Materials and Procedure

As the study is a part of a continuing investigation of
spruce-fir regeneration on the College Forest of Utah
State University, the materials used were collected there
(T.13N R.4E Sec. 10 and 21, S.L.M.) except for the
Douglas-fir O-horizon and seed. The elevations of the
stands varied from 8000 to 8500ft (2440 to 2975 m).
The O-horizon was collected under pure canopies of
Engelmann spruce, subalpine fir (4bies lasiocarpa [Hook.]
Nutt), lodgepole pine (Pinus contorta var. latifolia
Engelm.) and Douglas-fir (Pseudotsuga menziesii var.
glauca [Beissn.] Franco). The entire organic layer of each
sample except for the coarse twigs and debris was
thoroughly mixed. Because no pure Douglas-fir stands
grow in the College Forest, the O-horizon sample was
collected at a 7000 ft (2135 m) elevation in the vicinity,
Engelmann spruce and subalpine fir seeds were collected
in the fall of 1967 and lodgepole pine seed in 1968. The
Douglas-fir seed was collected in 1964 in Provo Canyon
near Provo, Utah, at 8000 ft (2440 m) elevation.

For comparative purposes, two other substrates were
selected for study: (1) subsoil (actually the top of the B-
horizon, silty clay loam texture with gravel) was collected,
after removing the top 6 in. of mineral soil, from the
place where the Engelmann spruce O-horizon had been
gathered; and (2) a coarse granitic sand was obtained
from a commercial sand source. The subsoil was screened
to remove all gravel.

To simulate the overwintering process in the laboratory,
the seeds were subjected to stratification (at 2 °C for 90
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days) in the various substrates. The O-horizon substrates
were soaked for 24 h and the excess water was squeezed
out by hand. Moisture in the mineral soil substrates was
raised to field capacity. All of the sand substrate, one-
half of each of the O-horizon substrates and none of the
subsoil were autoclaved for 20 min at 120 °C,

Seeds were discarded for cracks or chips and then 50
sceds were counted into each small bag of nylon netting,
The bags were to simplify removal of the seeds from the
substrates without prohibiting close contact between the
seeds and substrates. In the first experiment, one-half
the seeds were untreated and one-half were treated by
agitating the bags individually in a 10% slurry of the
fungicide Captan 50-WP. In the second experiment,
three treatments were given the seeds, the same two as for
experiment 1 plus a powder fungicide treatment using
Orthocide 75 which has 75% Captan. In addition, the
O-horizons used in each experiment were collected
Just previous to each experiment.

For stratification, the appropriate substrate and the
bags containing the seeds were put into petri dishes
(100mm x 20 mm). Each bag was assured firm contact with
the substrate. To assure aeration, a narrow masking tape
ridge was spotted at one point along the rim of the lower
dish. The dishes were randomly placed in boxes, one box
for each species of seed in the first experiment, and a wet
cloth over the dishes was maintained to prevent drying
out during stratification.

After stratification, the bagged seeds were removed
from the substrate, rinsed and cleaned free of substrate
in distilled water, dipped into a 10%, slurry of Captan
50-WP and drained on a blotter. A bag was then emptied
into a petri dish containing 1.5% Bacto-Agar and ger-
minated at 25 °C. A seed was considered germinated and
was removed when the radicle extruded 1 mm or more
and showed geotropic response.

In both experiments, a determination was made of the
moisture contents of all the substrates from the petri
dishes from which the sacks were removed and of the
pH of all the substrates.

The design of the first experiment was as follows:
(1) The two treatments of each species of seed were
stratified in each of the substrates; (2) there were eight
substrates of the O-horizons (the four O-horizons,
sterilized and unsterilized), one of subsoil, one of sand;
(3) the sampling for each treatment consisted of five
petri dishes with five 50-seed sacks in each petri dish;
(4) total degrees of freedom were 2000 (10 substrates)
(5 dishes) (5 sacks) (2 seed treatments) (4 species).

The design of the second experiment was in two parts:
(1) The four species of seeds with the three seed treat-
ments were stratified in unsterilized Engelmann spruce
O-horizon, the total degrees of freedom being 288
(4 seeds) (3 seed treatments) (8 petri dishes) (3 sacks in
each petri dish); (2) the four species of seeds with three
seed treatments were stratified in their own sterilized and
unsterilized O-horizon, the total degrees of freedom being
576 (4 species) (3 seed treatments) (2 O-horizon treat-
ments) (8 dishes) (3 sacks).

The brief descriptions of the deslgns are supplementary
to the more diagrammatic presentation given by Tables
I, 3 and 4. The change in number of petri dishes per
treatment from five with five sacks in each in the first
experiment to eight with three sacks in each in the second
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experiment was made to give more degrees of freedom
to the experimental error.

Since the total germination data were samples from
binomial distributions, an arcsine transformation was
performed for the statistical analyses. In the results, the
actual means of the germination percentages of each
treatment are given and the statistical validity among
the comparisons is indicated.

Results

The germination data from the first ex-
periment are given in Table 1 and the analysis
of variance by species of seed is given in Table
2. The results of the second experiment and
their statistical significance are given in
Tables 3 and 4. The seed of all species except
subalpine fir shows a high germination
capacity. However, the changes in germination
capacity between the first and second ex-
periment for Engelmann spruce and sub-
alpine fir are the result of changing seed lots
and not the effect of treatments.

Discussion

Seed treatments, substrates and sterilization
of substrates had in most instances very highly
significant effects on the germination of seed
from all the species though the seed treatments
were only significantly or highly significantly
effective in influencing the germination of
Engelmann spruce and Douglas-fir seeds
(Table 2). For the most part, the effects of
seed treatments and substrates were inde-
pendent of each other. The only reason
for a significant interaction between sced
treatments and subtrates for subalpine
fir seed, aside from the poor germination, was
the failure of the slurry treated seed to show
any significant effect in the autoclaved lodge-
pole pine O-horizon. The effects of the seed
treatments and of autoclaving of the sub-
strates were independent of each other for
Engelmann spruce and Douglas-fir seeds;
however, there was an interaction between
them for subalpine fir and lodgepole pine
seeds. With subalpine fir seed, the reason for
the interaction was the ineffectiveness of the
slurry treatment in the unsterilized O-horizons
to improve germination and its very highly sig-
nificant effect in the autoclaved O-horizons.
An opposite result was the basis for the inter-
action with lodgepole pine seed, as the slurry
treatment had a very highly significant effect

TaBLe 1. Average germination percentages of all
stratification® treatments in first experiment
Unsterilized Autoclaved
Stratification No No
substrates captan Slurry captan  Slurry
Engelmann spruce seed
Engelmann spruce
O-horizon 3.5 3.4 84.2 85.0
Subalpine fir O-
horizon 73.6 78.4 83.0 86.2
Douglas-fir O-
horizon 78.6 81.0 85.0 86.0
Lodgepole pine
O-horizon 84.6 87.2 81.8 85.8
Subsoil 72.0 85.6 —_ —
Sand — — 84.4 85.6
Subalpine fir seed
Engelmann spruce
O-horizon 0.3 0.5 0.6 2.7
Subalpine fir
O-horizon 0.0 0.4 0.4 2.5
Douglas-fir O-
horizon 0.3 0.6 0.7 2.5
Lodgepole pine O-
horizon 0.6 0.6 0.5 1.0
Subsoil 0.7 1.3 — e
Sand — - 2.0 4.6
Douglas-fir seed
Engelmann spruce
O-horizon 5.8 13.4 83.4 90.2
Subalpine fir O-
horizon 61.7 7.9 79.8 81.4
Douglas-fir O-
horizon 63.5 83.9 66.8 81.5
Lodgepole pine
O-horizon 84.9 86.2 78.0 85.0
Subsoil 86.4 83.2 — —
Sand — o 85.5 84.4
Lodgepole pine seed
Engelmann spruce
O-horizon 6.0 10.0 92.0 93.3
Subalpine fir O-
horizon 81.7 90.6 90.6 90.8
Douglas-fir
O-horizon 77.0 91.8 91.0 94.6
Lodgepole pine O-
horizon 85.3 91.4 87.5 92.3
Subsoil 88.2 94.5 — —
Sand — — 85.0 89.1

GSeeds started stratification Oct. 20, 1968,

on germination in the unsterilized O-horizons
but only a significant effect after the O-ho-
rizons had been autoclaved.

The very highly significant effect of the
substrates on the germination of Engelmann
spruce, Douglas-fir and lodgepole pine seeds
was primarily because unsterilized Engelmann
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TaBLE 2. Analysis of variance for the effects of substrates and seed treatments for each species

Engelmann Subalpine Lodgepole
Species of seed spruce fir Douglas-fir pine

Sources of variation df F sign.® F sign. F sign. F sign.
1. Fungicide treatments 1 6.62 & 54.9 G 8.05 *k 65.1 F
2. Substrates 4 142 AL 13.1 ok 29.6 e 259 ko
3. Sterilization of substrates 1 230 HEE 82.1 ok 49.3 HEE 432 Hok
4. Interaction of 1 x 2 4 0.70 n.s. 2.56 * 1.72 n.s. 1.40 n.s.
5. Interaction of 1 x 3 1 0.50 n.s. 27.0 e 0.21 n.s. 12.6 ek
6. Interaction of 2 x 3 4 141 o e 4.50 * 40.4 o 312 A
7. Interactionof 1 x 2 % 3 4 0.73 n.s. 1.42 n.s. 0.28 n.s. 1.29 ns.
8. Experimental error

Each species 80 110.3¢ 17.6 330.9 56.0
9. Sampling error

Each species 400 26.0 16.9 25.4 31.3

%Significant difference P = 5% (*) (significant), £

= 1% (**} (highly significant) and P = 0.1¢}

(***) {very highly significant).

bSubsoil and sand are paired, one unsterilized and the other sterilized.

¢Mean squares of the experimental errors and sampling errors,

TABLE 3. Germination percentages of seeds stratified

in unsterilized Engelmann spruce O-horizon with the

multiple mean comparisons and the F values of the
statistical analysis

Fungicide Treatments

Seed species None Slurry Powder F Values®
Engelmannspruce 3.5 7.3 7.3 253
Subalpine fir 1.3 2.1 20.8 79
Douglas-fir 9.5 15.2 84.8 579
Lodgepole pine 11.9 16.3 85.7 393

@The I values are all significant at the P = 0.1% level with
2 df for fungicide treatments, 21 df for experimental error and 48
df for sampling error.

Means not statistically different at P = 5% are underlined
by the same line.

spruce O-horizon was so lethal to the seeds.
For Engelmann spruce and lodgepole pine
seed, the differences in germination among

the other substrates were not significant.
For Douglas-fir seed, the Engelmann spruce
O-horizon had also a very highly significant
difference in germination than the other
substrate differences, but the effect of Douglas-
fir and subalpine fir O-horizons on its ger-
mination was significantly different from the
lodgepole pine O-horizon and the mineral sub-
strates. Subalpine fir seed’s germination gave
a unique ordering of the substrates: the mineral
substrates were very highly significantly dif-
ferentin germination from the other substrates
while Douglas-fir and Engelmann spruce
O-horizons gave significantly higher germi-
nation than subalpine fir and lodgepole pine
O-horizons.

The very highly significant effect of auto-
claving the substrates on germination of the
seeds of the four species was largely the result

TABLF 4. Germination percentages of seeds with three treatments stratified® in un-
sterilized and autoclaved O-horizons of their own species with multiple mean comparisons
within O-horizon treatments

Species Unsterilized O-horizon Autoclaved O-horizon
of seed
and O-horizon No Slurry Powder No Slurry Powder
Engelmann spruce 35 7.3 7.3 68.7 5.4 76.8
Subalpine fir 3 0.8 23.8 4.5 3.5 11.8
Douglas-fir 77.9 85.2 80.6° 81.8 88.2 84,9¢
86.3 _90.1 89.6 88.6 _91.6 91.4

Lodgepole pine

|

USeeds started stratification on April 6, 1969,
Means not statistically different at ° = 5% level are underlined

treatments.

by the same line within O-horizon

“Value not significantly different from either of the two values.
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of the increase in germination after sterilizing
the Engelmann spruce O-horizon. In fact,
there would have been no significant effect
of autoclaving for Douglas-fir seed without
the effect on its germination of sterilizing
the Engelmann spruce O-horizon, and the very
highly significant interaction between the
substrates and autoclaving of the substrates
with Douglas-fir seed has the same basis.
The highly or very highly significant inter-
action between the substrates and auto-
claving of the substrates for Engelmann
spruce, subalpine fir and lodgepole pine seeds
was caused by the failure of autoclaving to
affect germination in the lodgepole pine
O-horizon, whereas it caused significant to
very highly significant effects in the other
O-horizons.

The data of the second experiment (Table
3) demonstrates that powdered 759, Captan
can protect any of the seeds in unsterilized
Engelmann spruce and subalpine fir O-
horizons. Thus the powdered Captan and
autoclaving provided a similar degree of pro-
tection from the pathogens in the various
O-horizons, The slurry treatment of the
seeds of lodgepole pine and Douglas-fir
was adequate to provide full germination;
in fact, powdered 759, Captan appeared to
reduce Douglas-fir germination. The data
also confirm the first experiment’s results
that the effect of Engelmann spruce’s un-
sterilized O-horizon is most severe on its seed.
However, the unsterilized O-horizon of sub-
alpine fir had apparently a more adverse effect
on its seed than did Engelmann spruce’s O-
horizon on Engelmann spruce seed (Table 4).
Douglas-fir’s unsterilized O-horizon had a
significant depressive effect on the germination
of its seed while lodgepole’s O-horizon had a
significant but numerically small effect on its
seed.

A depressive effect on germination of
stratification without seed treatment in its
autoclaved O-horizon was significant for all
species (Table 4). The common occurrence of
seed coat pathogens could explain the effect
inasmuch as an autoclaved O-horizon would
provide an ideal environment for their de-
velopment because it lacked competition for
the nutrients. In subalpine fir, the depression
of germination, even with the powder treat-
ment, could indicate something more severe

183

than seed coat pathogens, such as possible
growth inhibitors; with eight replications of
three 50-seed samples for each value, the re-
sults would be difficult to attribute to sampling
error.

The pH determinations of all the substrates
showed that there was no significant difference
between unsterilized and autoclaved O-ho-
rizons. For the O-horizons of Engelmann
spruce, subalpine fir and Douglas-fir, the pH
of each averaged 6.7 in the first experiment. In
the second collection of O-horizons, Douglas-
fir was slightly more acid while Engelmann
spruce had a pH of 6.4 and subalpine fir
a pH of 6.0. Lodgepole pine had a constant
pH of 5.6. The quartz sand had a pH of 7.5
and the subsoil was pH 5.8, These differences
were very highly significant. The two subs-
trates with the most neutral and uniform
germination were the lodgepole pine O-ho-
rizon with the lowest pH and sand with the
highest pH. It would seem unlikely that the
differences in pH would account for the results
of the treatment variations.

The moisture content of the O-horizons
during stratification averaged 2879, in the
first experiment and 3329 in the second.
There were no significant differences in mois-
ture content between any two O-horizons in
either experiment, but the difference between
experiments was very highly significant. The
subsoil had 22.6%; moisture and the sand
5.8G.. The uniformity of the peak values
in the germination of Douglas-fir and lodge-
pole pine seeds indicates that the differences in
moisture had not biased the results.

An observation with an unknown degree
of influence on the results is concerned with
the age and degree of decomposition of the
O-horizon. The oldest O-horizon occurred
under the Engelmann spruce while lodge-
pole pine was definitely the youngest. The
amount of fine particles (humus) was in des-
cending order: Engelmann spruce, subalpine
fir, Douglas-fir and lodgepole pine. The or-
dering parallels the results of this study,
but the differences in the results are an order
of magnitude greater than the differences in
age or decomposition of the O-horizons.
The failure to germinate under the different
conditions can be attributed to the action of
pathogens that can be controlled by auto-
claving or the use of a fungicide. The unsteri-
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lized O-horizons after 90 days of stratification
were masses of fungal hyphae of about four
kinds (an identification and reaction study is
in process) while the autoclaved O-horizons
in the petri dishes had a few scattered round
beads of fungal hyphae which probably
developed from contaminations during han-
dling. These observations, however, leave
the question as to why only the Engelmann
spruce O-horizon is so lethal to all the over-
wintering conifer seeds or why the subalpine
fir O-horizon has such a differential in ger-
mination among the species in view of its
elthal action on its own seeds.

The study confirms the repeated advice on
the advantages of a mineral seedbed and adds
one more reason why an O-horizon seedbed
may make a poor one for some species. It
illuminates the reason for the observation
that Engelmann spruce and subalpine fir seed-
lings are commonly found on rotten logs
and stumps and the exposed soil of over-
turned trees.
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