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Abstract

Because the fate of seeds is critical to understanding the invasion of old fields by trees, and plant litter 1s an
important component defining the old field microsite of dispersed seeds, I investigated the effects of litter type
(Solidago spp./goldenrod, Quercus spp./oak, mixed) and litter amount (100-800 g/m?) on tree seed germination
and seedling emergence. I found that at all densities both Solidago and Quercus litter greatly reduced emergence
of the small-seeded, bird-dispersed species, Juniperus virginiana and Cornus florida. For one of the large-seeded,
mammal-dispersed species, Carya tomentosa, high density Solidago litter and high density mixed litter treatments
reduced emergence. For the other large-seeded species, Quercus rubra, the high density mixed litter treatment and
all levels of Solidago litter reduced emergence. Quercus seedlings emerged twice as often as the other three species
in control pots without litter. Carya emerged before the other species but the high density oak treatment delayed
the expansion of its cotyledons. My results suggest that litter may contribute to the slow rate of tree invasion and
the low probability of tree establishment in old fields. However, old field litter studies taken together point to the
difficulty in drawing general conclusions about any ‘net effect’ of litter on old field tree establishment.

Introduction

Forests in the eastern United States are disturbed by
a variety of natural and human activities (e.g. tree
fall gaps, clear-cutting, fires, mine spoils, agriculture).
After many of these disturbances, saplings or seedlings
remain and trees can regenerate from these or sprout
from living roots and stumps (Gholz e? al. 1985; Run-
kle 1985). However, in an old field left fallow aiter
agriculture, the woody vegetation 15 no longer present
and trees can only reestablish from seeds (Buell ef al.
1971; Myster & Pickett 1992). The tree seeds of the
eastern USA commonly have short viability (Schop-
meyer 1974) and little persistent old field seed bank
(Oosting & Humphreys 1940; Livingston & Allessio
1968; Myster & Pickett 1992), and, therefore, tree
establishment must come from seeds dispersed from
outside the old field and the fate of these seeds influ-
ences invasion dynamics, rate of succession, growth,
and spatial pattern of trees (Myster & Pickett 1992,
1993).

The influence of litter on seed and seedling process-
es is well documented (Grime 1979; Sydes & Grime
1981; Spence 1982; Van der Valk 1986; Vazquez-
Yanes et al. 1990; Facelli & Pickett 1991a; Peterson
& Facelli 1992). Litter is a dominant feature of the old
field microhabitat, and interactions between litter and
old field plants are potentially complex (Gross & Wern-
er 1982, Monk & Gabrielson 1985; Facelli & Pickett
1991a). For example, interactions between the ground
microhabitat and seed characteristics greatly influence
old field tree establishment (Myster & Pickett 1992,
1993). Litter may increase germination by decreasing
moisture and temperature extremes (Burton & Bazzaz
1991) for large seeds (Barrett 1931; Sork 1983), or
by increasing soil nitrate through decomposition (Pons
1989) for small seeds. Conversely, litter may present
a physical barrier to the germination and emergence
of small seeds (Facelli & Pickeit 1991a; Peterson &
Facelli 1992). In addition, litter may increase (Abbott
& Quink 1970; Price & Jenkins 1986) or decrease seed
predation (Myster & Pickett 1993), prevent seed dehy-
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dration on bare soil, or foster fungal (Fenner 1985) and
micro-organism growth (Florence 1965).

In the old fields of New Jersey, wind- and bird-

dispersed species are the first trees to invade with
mammal-dispersed trees present in the second decade
after abandonment (Bard 1952; Myster & Pickett
1992). Here, tree invasion is tied to the forest edge and
its oak litter accumulation, with extensive clumping of
the bird-dispersed species occurring later in succession
(Myster & Pickett 1992). A previous study (Myster &
Pickett 1993) found that litter affected predation on tree
seeds differentially between species, areas and ages of
old fields. Here 1 focus on a later regeneration filter,
the fate of seeds that survive predation, by asking in a
greenhouse study (1) Is tree seed germination aftfect-
ed by the presence of litter?, (2) Is the timing of tree
seedling emergence affected by litter? and (3) How do
these effects differ between amount and type of litter,
species and dispersal agent/seed mass of tree?

Methods

The study was conducted in a greenhouse located
on the Cook College Campus, Rutgers Umiversity
in New Brunswick, Middlesex County, New Jersey,
USA (40° 30'N, 74° 34'W). Seeds of four autumn-
dispersing tree species were used in the January—April
1991 experiment when they would normally be on
the ground ready to germinate. The species were the
bird-dispersed, small-seeded species Juniperus vir-

giniana (Nomenclature follows Gleason & Cronguist

1963; 0.005 grams/seed fresh mass) and Cornus florida
(0.08 g/seed), and the mammal-dispersed, large-seeded
species Quercus rubra (3.5 g/seed) and Carya tomen-
tosa (4.4 g/seed). These are abundant tree species dur-
ing the first 32 years of old field succession i New Jer-
sey {Buell er al. 1971, Pickett 1982, Myster & Pickett
1992) and include the dominant species n New Jersey
old-growth forests (Bard 1952). These seeds were col-
Jected locally in New York, New Jersey and Pennsylva-
nia by Sheffield Seed Co. of Locke, New York. Thetr
tests vielded greater than 90% germination and they
scarified all Juniperus and Cornus seeds used. Seeds
from the most abundant New Jersey old field wind-
dispersed tree species Acer rubrum (0.015 g/seed) and
Fraxinus americana (0.043 g/seed; Myster & Pickett
1993) were not available from local trees at the start
of the experiment, or from Sheffield Seed Co. Quercus
spp. and Solidago spp. litter was used because they are
the most common litter types in New Jersey old tields

(Facelli & Carson 1991). The litter was collected in
local old fields, dried at room temperature for a week
before use and then broken by hand into pieces.

I tested the effect of amount and type of litter on
germination, emergence, and seedling morphology in
pots using arandomized 2 x 3 factorial experiment and
a control treatment 1n which no litter was used. Amount
of litter was etther low or high, while the type of litter
was ocak (Quercus spp.) leaves, goldenrod {Solidago
spp.) stems, fruits and leaves, or a mix of the oak and
goldenrod hitter. The resulting treatments were there-
fore control, low oak, high oak, low goldenrcd, high
goldenrod, Jow mix and high mix. The amount of litter
added to the pots reflected naturally occurring densi-
ties of these dominant litter types in New Jersey old
fields (Facelli & Carson 1991). The low oak density
was 100 grams/m?, high oak 200 g/m?, low goldenrod
400 g/m?, high goldenrod 800 g/m?, low mix was a
combination of 50 g/m® oak with 200 g/m?* golden-
rod and high mix was a combination of 100 g/m? cak
with 400 g/m? goldenrod. The pot surface area was
126.7 cm? and litter was added proportionally to pre-
serve these densities. In January 1991, each pot was
filled with standard greenhouse potting mix, and five
seeds of each test species were spread over the soil
surface of an individual pot (the maximum posstble
number of the large Carya seeds that could fit with-
out touching the pot) and then covered by hitter, The
treatments were replicated six tirmes for each species
making a total of 168 pots. During the following 10
weeks of the experiment, the pots were sprayed with a
fine mistevery ten minutes during the dayiight hours. A
natural Jight regime was maintained in the greenhouse
during the experiment and the temperature range was
between 18-25 °C.

I counted and identified seedlings (the epicotyl or
other part of an emerging seedling; Burton & Bazzaz
1991} as they emerged above the litter every week.
I also recorded status (alive or dead) of all seedlings
and presence of cotyledons. Because the range of dis-
tinct values for seedling number per pot (0 to 5) was (00
narrow to approximate a continuous function (Dr. Peter
Morin, Ruigers Ecology Program, personal communi-
cation), logistic regression analysis (LGA, a maximun
likelihood regression based on categorical data mod-
eling; SAS 1985, Gaines & Rice 1990) was used fo
compute treatment effects. In addition, I compared
per-pot emergence between treatments using one-way
analysis of variance (ANOVA; Dr. Javier Cabrera, Rut-
gers Statistics Department, personal communication)
To analyze for interaction between litter amounts and
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Fig. 1. Mean number of emerged seedlings per pot from various litter treatments for each of the four test tree species. Error bars
are one standard error. Treatments: Contrel - no litter; lo - low density oak (Quercus spp.) leaves; ho - high density oak leaves;
s - low density goldenrod (Solidago spp.) leaves, fruits and stems; hs - high density goldenrod leaves, fruits and stems; lm -low
density mix of oak and goldenrod litter; hm - high density mix of oak and goldenrod litter. See text for details of treatments.
Means sharing the same letters are statistically indistinguishable using the Turkey-Kramer separation test.

types, I used two way factorial ANOVAs, excluding
the control, using pots as experimental units. P-values
from both analyses are presented in the results section,
with ANOVA always first. Tukey-Kramer separation
procedures were used as a common method to detect
differences among means.

‘Results

The presence of litter significantly reduced seedling
emergence (df =5, ANOVA P=0.030, LGAP =0.032,
Fig. 1) and this effect was most cbvious when com-
paring the small-seeded species, Juniperus and Cor-
nus, with the large-seeded species Carya and Quercus.
In particular, every litter treatment greatly reduced
germination and emergence of Juniperus and Cor-

nus (df = 5, P<0.001, P<0.001) and for a number
of treatments, no seedlings emerged at all. For these
small-seeded species, there was no significant inter-
acrion between type and amount of litter because few
seedlings emerged in any of the litter treatments. These
effects on emergence are probably equivalent to effects
on germination because I did not observe any germi-
nation in which the seed did not penetrate the physical
abstruction of the litter (Grime 1979).

Litter also significantly reduced emergence for
Carya and Quercus (df = 5, P =0.041, P = 0.0453,
Fig. 1), with the high density goldenrod and both mix
treatments preventing Carya emergence completely.
For Quercus, high density goldenrod reduced emer-
gence most (to ~ 1/3 of control density) with the low
density goldenrod and high density mix treatments also
reducing emergence (to ~ 1/2 of control density). How-
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ever, contrasting litter etfects were seen because in

the low density oak litter treatment, more Carya and

Quercus seedlings emerged compared with the con-
trol (also see Burton & Bazzaz 1991), and this was
significant when compared to other litter treatments
(Fig. 1). All other treatments showed less emergence
compared with the control and observed seed 1oss due
to fungus was minimal for all species. In the con-
trol pots without litter, Cornus, Juniperus, and Carya
emerged at a mean density of 1-2 seedlings per pot
whereas Quercus had twice that emergence. Similarly
in the treatment pots, Quercus (having the seed with
the largest mass) showed the most emergence com-
pared to the other species. In addition, litter signifi-
cantly reduced above-ground biomass for Carya and
Quercus (dt=4, P=0.041, P=0.044) where the greatest
reduction occured for Carya under the high oak treat-
ment. In general as seeds increased in mass, litter had
less of an inhibition effect and may even have facili-
tated emergence for some Carya and Quercus seeds.

The mean day of cotyledon opening for seedlings
in control pots was 48 days for Juniperus, 54 days
tor Cornus, 41 days for Carya and 49 days for
Quercus. Control seedlings of Carya opened their
first leaf/cotyledon significantly sconer than all oth-
er spectes (df = 3, P = 0.027, P = 0.039). In addition,
the date of opening for Carya was significantly delayed
by the high density oak treatment (to approx. 66 days)
when compared with controls (df =5, P = 0.04, P =
0.032). Although there were not enough seedlings in
the Juniperus and Cornus treatment pots to assess lit-
ter effects on timing of cotyledon opening for those
species, the timing for Quercus was very close to 49
days regardless of treatment.

Discussion

Because high density treatments always produced
either the same or lower emergence compared to the
low density treatments within the same litter type, and
because the effect of litter type regardless of density
did not form a clear trend, the inhibition mechanism
may have been physical rather than chemical (Peterson
& Facelli 1992). This implies that germination is light
sensitive (Burton 1982) or that the hypocotyl (esp. of
small seeded species) cannot physically penetrate the
litter layer (Grime 1979; Facelli & Pickett 1991a, b),
and agrees with the observation that there may be a

direct recruitment relationship between depth of litter
and the mass of the seed (van der Valk 1974). The

larger seeds of Carya and Quercus could penetrate the
litter layer, perhaps because of sufficient carbohydrate
reserves, and, therefore, ranges of litter density where
germination and emergence occurs (implied by the pat-
tern of increased emergence at some densities and a
decrease at others) may represent important filters 1o
establishment for these species.

Combining my results with other studies on litter
and old field tree establishment (for a review see Mys-
ter 1993) shows how difficult it may be to find g ‘net
effect” (sensu Connell ez al 1987) of litter on tree estab-
lishment in old fields. For example, seed predation op
Quercus rubra is reduced by litter (Myster & Pickett
1993), but results here show a pattern that suggests that
Quercus germination may be enhanced by some ljtter
treatments while being inhibited by others. In addition,
for Quercus seedlings, litter may reduce the effect of
drought (Fowells 1965). Because the seeds of most
old field tree species overwinter (Fowells 1963), litter
may prevent early emergence and loss of seedlings to
frost-heaving (Buell er al. 1971), although it may also
increase seedling risk from physical damage (Barrett
1931; McCarthy & Facelli 1990) and from competi-
tion with neighboring vegetation (Peterson & Facellj
1992). Similarly, Hamrick & Lee (1987) found that
even if species emerge better under litter, seedling mor-
tality may be high because of energy lost penetrating
the litter mat.

In conclusion, the large number of litter inhibi-
tion studies suggest that litter may contribute to a low
probability of tree establishment especially when, as
they often do, litter fall and seed dispersal coincide.
In addition, litter effects on germination, emergence
and growth may help explain the slow rate of tree suc-
cession 1n eastern U.S. old fields (Bard 1952: Bazzaz
1968; Gill & Marks 1991), and, because of the exten-
sive varlation in litter effects at the regeneration lev-
el, litter may infiuence relative abundances of species
(Facelli & Pickett 1991a) and spatial heterogeneity
(Myster & Pickett 1992) in old fields.
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