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Distribution of Acer palmatum Seedlings under the Crown of the
Maternal Tree

Byeong Mee Min*
Department of Science Education, Dankook University, Seoul 140-714, Korea

To investigate the relationship between crown width of a parent plant and seedling distribution, seedling ages and
sizes, and their distances from the maternal tree were surveyed under a maple (Acer palmatum) crown at Chungdam
Park, Chungdam-dong, Kangnam-gu, Seoul, in 1998. Maple crown width increased 33.0 cm per year during the eight-
year study. Seedlings ranged from 1 to 10 years old; their density was highest the third year, and decreased with age.
Seedling-distribution ranges from the parent plant were 43 cm to 487 cm, and seedling density was highest at the
border of the parent plant canopy. One-year-old seedlings were distributed broadly, but the main distribution areas
became more distant from the maternal plant with seedling age. Seedling heights increased with age; differences
between two consecutive ages were significant at the 0.1% level for ages less than 5 years, but not for over 6 years. For
seedlings of the same age, heights were similar, but short under the tree crown, but were varied and taller outside the
crown. The variation in seedling height increased with age and distance from the parent plant. In particular, seedlings
older than 5 years that were distributed outside the crown showed conspicuous variations among distance classes.
Therefore, maple seedlings were distributed to an appropriate distance at which their growth could be supported by
the understory-light environment. This study demonstrated that new A. palmatum trees are not recruited from the
seedlings growing beneath the crown but from those that grow vigorously outside the crown.
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Plants produce many seeds, which are dispersed as microenvironments that are more suited for future
far away as possible. However, the environment pre- growth (Gross and Werner, 1982).
vents all the seeds from germinating and developing The other factor is biotic influences, such as preda-
into mature plants. The distance of seed dispersion tion by herbivores, competition for water and miner-
varies among species (van der Pijl, 1972). Although als among seedlings or between seedlings and the
small seeds generally can migrate a long distance, maternal plant, decay by pathogens, and allelochemi-
most fall near the maternal plant, and seed density is cals that are secreted by the maternal plant or vegeta-
highest there (Hubbell, 1980; Dalling et al., 1998). tive competitors (Janzen, 1970; Crubb, 1977; Fenner,
So many seeds land under the maternal plant 1978; Augspurger, 1983a; Schupp, 1988, 1995;
crown, thus forming a seedling bank there (Streng et Houle, 1992, 1994). In these cases, seedling density
al., 1989). Two factors, however, are involved in the is highest at a particular distance from the maternal
decrease in seedling density over time. One factor is plant (Janzen, 1970).
abiotic influences, such as 1) light intensity, which is It is unclear, however, whether seedling density
very low under the canopy, but increases nearer the depends on distance between the seedling and
canopy gap, and 2) the soil microenvironment, which maternal plant, or on the density itself. Light is the
varies with site (Runkle et al., 1995). Seedlings of var- main factor that limits understory plant growth
ious species have different tolerances for low light or (Grime, 1979; Chazdon, 1988; Lorimer et al., 1994;
a particular soil microenvironment (Huenneke and Sipe and Bazzaz, 1994; Cray and Spies, 1996; Lee,
Sharitz, 1986; Gray and Spies, 1996). Except for 1996). However, seedling survival depends not only
those species that demand a large amount of infra- on density, growth rate, growth period, and neighbors
red radiation, seedling growth is extremely limited of cohort (Ross and Harper, 1972; Harper, 1977) but,
under a dense canopy (King, 1975; Fenner, 1978). also, on distance from the maternal plant and elapsed
Therefore, seedling distribution tends to be denser in time. Generally, the no seed area between seedling
and maternal plant increases over time (Augspurger,
*Corresponding author; fax +82-2-796-2857 1983b; Houle, 1998). Accordingly, the current popu-
e-mail bmeemin@hanmail.net lation of seedlings moves toward the canopy gap,
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thereby decreasing competition among seedlings of
the same species. When determining the optimum
relationship between seedling growth and distance
from the maternal plant, a canopy gap is necessary
for maintaining a pure stand (Grubb, 1977; Runkle et
al., 1995). As an example, sun trees produce and dis-
perse their small seeds over a long distance, demon-
strating a good, adaptive strategy (Crawley, 1986).

Acer is normally a late-successional species in Japan
and North America, where it produces many light
seeds that are dispersed by the wind (Streng et al,
1989). Because this is a shade-tolerant species, seed-
lings are produced under the canopy rather than in
the canopy gap (Ishizuka and Sugawara, 1989; Burns
and Honkala, 1990; Lorimer et al., 1994; Abe et al.,
1995; Seiwa and Kikuzawa, 1996; Seiwa, 1998). The
number of survivors decreases with distance, and
mature plants are few (Hett, 1971). Acer is a shade-
tolerant species, but its seedlings prefer high levels of
solar radiation. Almost all the seeds of Acer mono and
Acer rubra germinate primarily in the early spring,
before trees are in full foliation and beginning another
year of seed dispersion. In fact, 50 ~ 79% of the
growth of a first-year seedling occurs during this two-
month early season (Streng et al., 1989; Seiwa,
1998). By germinating and growing early in the sea-
son, seedlings can receive maximum solar radiation
and reduce their susceptibility to damage from herbi-
vores and pathogens (Seiwa, 1998).

The seedling growth of A. mono, A. rubra, and Acer
saccharum is affected by radiation levels when
located under the canopies of other species, but the
main factor that regulates its growth under the mater-
nal plant is not clear. Understory seedlings are impor-
tant for assuring forest regeneration after site
disturbances (Pickett and White, 1985). In temperate
deciduous forests, Acer is one of the main woody
plants in the late-successional stage, so studies on
seedling recruitment are necessary. In Korea, Acer
research has focused mainly on taxonomy and sys-
tematics (Park, 1984; Park and Kim, 1984a, 1984b;
Chang, 1991, 1994; Park et al., 1993, 1994; Suh et
al., 1996), physiology (Choe and Lee, 1995), seed
germination (Kim, 1984), and distribution in the
Korean peninsula (Kim et al., 1981). Little is known
about its ecology.

This paper describes the maternal influences on
seedling growth in Acer palmatum. Recruitment
under the crowns was estimated by surveying seed-
ling distribution, in terms of seedling density, age, and
height, as well as the increase in maternal plant
crown width.
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STUDY AREA AND METHODS

The study area was previous described (Min, 2000),
and was located in Chungdam Park, Chungdam-
dong, Kangnam-gu, Seoul, Korea (37°31’N, 127°03'E).
The total area of this park is 57,854 m?, with an ele-
vation of 68 m on the center peak and 37 m on the
edge. The surveyed plants were located to the north
of center. This particular site had a 20° slope and a
50-m elevation. Four maples (A. palmatum) were
planted at 8-m spacings, and their crowns did not
overlap. Human access was limited by fencing. The
peripheral region contained two tree species, Magno-
lia kobus and Pinus rigida; as well as Rosa multiflora,
Forsythia koreana, and Pueraria thunbergiana in the
shrub layer; and Scilla scifloides, Carex lanceolata,
Spodiopogon sibiricus, Eupatorium rugosum, Persi-
caria perfoliata, and Youngia japonica in the herb
layer. The coverages of these layers varied by site and
season. The litter layer was 10 cm. Cood soil mois-
ture conditions enabled fungi to grow in spring and
summer. Few other plants besides maple seedlings
were found under the maple crown.

The field survey was conducted from May 15 to 18,
1998. The maternal plant was 20 years old, 24.9 cm
in dbh, 4.8 m tall, and was branched into two at 50
cm. Because the trunk was erect but with branches
growing horizontally and sparsely, the understory
solar radiation was feeble in the center, but increased
with distance (Fig. 1). The lines for sampling were set
up to the north and east of the maternal plant, and
seedlings were surveyed in a fan-shaped quadrat that
was 5 m in radius. No seedlings were located outside
the circumference.

For each sampled seedling, age, height, and dis-
tance from the maternal plant were recorded. A total
of 1078 seedlings were surveyed in the quadrat. The
change in mother-crown width was estimated by
measuring the internode length of 6, 8-year-old
branches that were growing horizontally. The esti-
mated length of the crown breadth for each year was
based on the proportion between total crown width
and internode length.

Eight years of data for air temperatures and precipi-
tation were supplied by Seoul Station (37°34'N,
126°58’E, 85.5 m altitude see level; Korea Meteoro-
logical Administration, 1991-1998). These are shown
in Table 1. The annual mean precipitation and air
temperature were 12.7°C and 1,395.2 mm, respec-
tively. Precipitation levels varied markedly, from
1,055.8 mm (1994) to 2,349.0 mm (1998). Monthly
precipitation is uneven throughout the year; the rainy



Maple Seedling Distribution under the Maternal Tree Crown 35

> ..
B0

[+ ]

A el e———)—
B 2 0

R W——
2

Figure 1. Diagram showing the profile (upper) and crown
projection (fower) of the parent plant, and the location of

season (uly or August) accounts for 30% of the
annual total. In contrast, air temperatures ranged
from 12.0°C to 13.8°C, with no difference among the

years. Monthly mean air temperatures varied from
-1.8°C (January) to 25.5°C (August), but differences
were minor among the same month for each year.
During the growth season the main factor affecting
plant growth probably was precipitation rather than
air temperature. Foliation time for maple is from April
to May (Min, 2000). Air temperatures and precipita-
tion amounts during the early growing season were
10.2 ~ 15.6°C, 44.4 ~ 120.2 mm in April; 16.4 ~
19.0°C, 29.3 ~ 291.3 mm in May; and 20.9 ~ 23.4°C,
70.7 ~ 234.1 mm in June, respectively. Because pre-
cipitation varied among years by 2.7 to 9.9 times,
plants that are sensitive to soil moisture content prob-
ably were affected by the levels of precipitation in the
early growth season.

RESULTS AND DISCUSSION

Changes in Crown Width

Table 2 shows the changes in crown width over
eight years, as estimated from internode lengths. The
mean internode length was 24.8 cm, with the long-
est (34.0 cm) being measured in 1993, the shortest
(11.8 cm) in 1996. The crown width increased by
16.5 cm per year. The mother plant was 4.8 m tall,
with a crown width of 6 m. Because the mother tree
was wider than it was tall, the growth of twigs was
more than that of trunk, which indicates that this
plant had not been shaded by any other. Shade-toler-
ant species like maple show faster growth in their

Table 1. Climate of study area 1991-1998. P, precipitation (mm); T, air temperature (°C).

Month Total/

Year -
1 2 3 4 5 6 7 8 9 10 11 12 Mean
1991 P 14.4 284 65.5 48.5 83.2 81.8 487.8 68.2 175.2 273 350 429 1158.2
T =26 -09 49 13.0 175 22.6 24.3 25.5 21.1 13.8 6.5 2.2 12.3
1992 p 13.6 46.6 11.2 76.5 155.5 99.6 270.1 418.8 168.5 33.6 895 71.4 14549
T -0.2 0.7 7.6 12.0 164 20.9 24.8 24.8 209 14.0 6.2 1.5 12.5
1993 P 2.2 69.5 29.2 85.5 83.5 198.2 4246 197.8 56.1 154 66.6 12.1 1,240.7
T -1.9 1.0 5.8 10.6 18.2 213 23.3 23.2  21.2 13.4 8.5 -~0.2 120
1994 P 6.5 14.8 31.7 449 1524 85.0 1395 232.7 60.7 2145 496 23.5 1,055.8
T =09 0.8 4.0 15.2 179 22.8 28.5 276 21.0 15.2 9.3 1.1 13.5
1995 P 11.6 52 606 444 606 70.7 436.1 786.6 47.2 39.3 329 3.4 1,598.6
T -2.1 1.2 6.0 11.3 17.1 21.6 24.5 26.0 20.0 15.5 6.2 ~-1.0 12.2
1996 P 16.3 1.0 779 62.0 293 249.7 5128 1324 11.0 903 2.9 11.0 1,256.6
T -2.2 -1.6 4.9 10.2 184 22.3 24.4 26.0 220 14.5 6.1 1.6 12.2
1997 P 16.8 39.6 253 56.1 291.3 1100 2996 1172 769 455 938 38.1 1,210.2
T -3.2 0.7 6.8 13.0 17.0 23.4 26.1 26.8 20.2 13.4 8.8 1.8 12.9
1998 p 10.4 323 451 120.2 1215 2341 311.8 1237.8 1779 27.3 269 3.7 2,349
T -1.3 34 7.3 156 19.0 219 249 25.0 23.0 17.0 7.3 2.3 13.8
Mean P 11.5 29.7 43.3 67.3 122.2 1411 360.3 3899 96.7 61.7 57.2 25.8 1,395.2
T -1.8 0.7 5.9 126 17.7 22.1 25.1 256 21.2 14.1 7.4 1.2 12.7
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Table 2. Internode length of maple twig and the estimated
crown width from base of bole for eight years.

Year Node length  Crown width from
{cm) base of bole (cm}
1991 26.0 + 4.1 167
1992 263 = 4.1 187
1993 34.0 £ 5.7 213
1994 26.8 6.0 233
1995 17.3 £5.3 246
1996 11.8 = 5.1 255
1997 27.3 £ 3.6 276
1998 28377 299
Mean 24.8
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Figure 2. Variations in maple seedling density by age.

twigs than in the trunk when exposed to full light
(Kuppers, 1989; King, 1990).

Seedling Distribution

Seedling ages ranged from 1- to 10-years-old, and
the number of those older than 8-years was few (Fig.
2). Overall density was 52.1 individuals/m?. The den-
sity of the 3-year-olds was 24.8 individuals/m?, which
was the highest for any age class. Seedling density
decreased for those more than 3 years old. The 1-
and 2-year-olds were less dense than the 3-year-olds,
probably because of incomplete seeding, an unsuit-
able microsite (Huenneke and Sharitz, 1986), or
space limited by other seedlings.

Because seeds can be more susceptible to preda-
tors as well as being incompletely formed during
years of abundant production {and vice versa), the
density of germinated seedlings does not show
annual fluctvations in Hamamelis virginiana (de
Steven, 1982). This phenomenon is not true in

J. Plant Biol. Vol. 43, No. 1, 2000

maple. The number of over 4-year-old seedlings
abruptly decreased not only because the originally
high density promoted self-thinning but also because
of high seedling mortality (Hett, 1971; Streng et al.,
1989). This trend also was seen in similar studies.
Quercus and Betula seedlings, growing under dense
crowns, showed poor growth and 70% mortality
within five years (Lorimer, 1989; Runkle, 1990;
Lorimer et al., 1994; Houle, 1998). This high mortal-
ity is thought to be a mechanism for controlling the
density of mature plants (Clark et al., 1998).

Seedling distribution at 10-cm intervals of distance
from the maternal plant is shown in Figure 3. The first
seedlings were located 40 ~ 49 cm from the mother,
at a density of 14.2 individuals/m?. Seedling density
increased to a maximum of 216.3 individuals/m? in
the 240 ~ 249 cm interval, and decreased thereafter.

The lack of any seedlings within 40 cm of the
maternal tree indicates that this area was unsuitable
for growth. An allelopathical interaction has not been
demonstrated in maple, as has been found with other
species (Huenneke and Sharitz, 1986). Other factors
may have been involved, such as shading or unsuit-
able topography. High seedling densities were found
from 220 ~ 420 cm, and coincided with crown width.
Seedlings tended to be distributed mainly at the
periphery, which suggests that this area provided the
seedlings with a good microenvironment, especially
the proper light intensity (Grime, 1979; Chazdon,
1988; Cray and Spies, 1997; Seiwa, 1998). This
result is supported by the model by Janzen (1970) in
which seedlings were distributed at a constant dis-
tance from the maternal plant, but not beyond 490
cm. Conifer seedlings grow poorly under direct solar
radiation (Gray and Spies, 1996), and this result might
be similar to conifer.

When seedling distribution was classified accord-
ing to age, T-year-old seedlings were found at dis-
tances of 40 ~ 489 cm, particularly from 140 ~ 379
cm. Density for that age group was highest in the
170 ~ 179 cm interval, with 18.2 individuals/m?, but
was similar across almost the entire range.

Two-year-old seedlings primarily grew in the range of
80 ~ 479 cm, and 140-319 cm. Their greatest density
was 10.3 individuals/m? at 180 ~ 189 cm, which was
the lowest for any age class. Compared with the 1-
year-olds, this distribution range was reduced and
more distant from the maternal plant. The three-year-
old seedlings were found at 50 ~ 469 cm, and were
most dense, with 122.6 individuals/m?, at 260 ~ 269
cm, i.e., the periphery of the maternal plant crown.
Four-year-old seedlings were distributed in the range
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Figure 3. The density of maple seedlings by age, according to distance from maternal plant. A, total; B, 1-year; C, 2-year; D, 3-

year; E, 4-year; F, 5-year; G, 6-year; H, over 7-year-old seedlings.

of 70 ~ 479 cm, and mainly at 180 ~ 429 cm. They
were most dense at 250 ~ 259 ¢m, with 64.9 indi-
viduals/m?. Compared with the 3-year-old seedlings,
the most dense section was closer to the maternal
plant, but the sections of main distribution were
closer to the outside.

The distribution ranges for 5-year-old seedlings
were at 180 ~ 429 cm, and at 190 ~ 419 cm. Their
density increased from 6.7 individuals/m?, at 190 ~
199 cm, to 38.9 individuals/m? at 290 ~ 299 cm,
then decreased. The main section of distribution was
similar to that for the 4-year-olds, but the highest
density section was 40 cm further from the maternal
plant. Six-year-old seedlings were distributed from
210 ~ 419 cm. Their highest density was 10.4 indi-

viduals/ m* in the 290 ~ 299 cm section. The main
distribution section was farther away from the mother
than was that of the 5-year-olds. Seedlings that were
older than 7 years were distributed in a narrow range
and were less dense.

The general trends for A. palmatum seedling distri-
bution included, first, an initial increase in seedling
density up to 3 years, a decrease thereafter. This coin-
cided with an abrupt decrease in survival rates from
1988 to 1995. Second, seedling density was highest
at the periphery of the maternal plant crown and
decreased to either side. The periphery probably pro-
vided a suitable growing environment. This phenom-
enon of seedling distribution had been described by
the Janzen (1970) Model.
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Finally, older seedlings were found at greater dis-
tances from the maternal plant. Seedlings generally
require more radiation as they age, and mature seed-
lings cannot grow under the crown of the maternal
plant. This is why no seedlings older than 7 years
were found under the study crown. When seeds are
dispersed uniformly, 1-year-old seedlings that grow
under the crown will not survive (Augspurger, 1983b;
Houle, 1998). Therefore, new A. palmatum cannot
be recruited from seedlings that germinate under the
maternal plant crown. However, these mechanisms
are worthy of additional study.

Seedling Size

The relationship between seedling sizes and age is
shown in Figure 4. Seedling size increased with age;
1- and 7-year-old seedlings were 5.0 cm and 27.6
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Figure 5. Seedling height in each age class, according to distance from maternal plant. A, total; B, 1-year; C, 2-year; D, 3-year;

E, 4-year; F, 5-year; G, 6-year; H, over 7-year-old seedlings.
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cm tall, respectively. Based on the student t-test,
seedling size differences between two consecutive
years were significant at the 0.1% level for 1- to 5-
year-olds, but not for older seedlings.

Seedling growth rates were normal for the first five
years after germination, but decreased thereafter.
Seediings older than seven years were few, and mani-
fested the Oskar syndrome (Grime, 1979; Silvertown,
1982). In needle-leaved (Wilson, 1991; Zobel and
Antos, 1991; Gray and Spies, 1996) or broad-leaved
(Lorimer et al., 1994) woody plants, most seedlings
grow slowly when natural sunlight is blocked by more
than 50% (Sasaki and Mori, 1981). As was also dem-
onstrated in the current study, the main factor affect-
ing maple cambial growth is light (Kobe, 1996).

Seedling size according to distance from the mater-
nal plant is shown in Figure 5. The farther from the
maternal plant, the larger the seedling. Seedling
height was greatest in the 330 ~ 339-cm interval, but
was variable in the other intervals. Seedlings tended
to be shorter within 300 cm of the maternal plant
because of insufficient sunlight. The variability in
seedling height outside the crown was probably
because seedling growth was not affected by the
crown but, rather, by the microclimate or endoge-
nous factors (Sasaki and Mori, 1981).

For seedlings less than four years old, height within
age class was similar along the distance from the
maternal plant. This was not true, however, for those
seedlings older than five years. The maternal crown
evidently had a smaller effect on the growth of young
seedlings, but was more critical to mature seedling
development. Because of this, many A. palmatum
seedlings were generated but few grew into trees.
However, after a natural disturbance, e.g., the death
of the maternal plant, these seedlings would be
released to re-populate a A. palmatum forest.

Received November 17, 1999; accepted March 13, 2000.
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