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Factors Affecting the Early Natural Regeneration of
Pinus densiflora S. et Z. after Forest Works at Mt. Joongwang
Located in Pyungchang-gun, Kangwon-do'*
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ABSTRACT

The objective of this study was to determine the important factors affecting the early natural
regeneration of Pinus densiflora S, et Z. Seed germination, survival and height growth of the pine
seedlings were examined at four experimental plots of P. densiflora forests including forest roadside.
Piots 1 and I were thinned in 1992, plot I was treated with hexazinone in 1993 after seed tree
method was applied in 1982 and 1989. Seedlings emerged after thinning and the rate of their emergence
depended on forest floor conditions. Seedling survival was related with light conditions, herbaceous
vegetation, and degrees of rainfall. More seedlings emerged in forest hauling roads than within the
forest because soil scarification due to logging provided better conditions for seed germination and
seedling growth. Seed supply was enough, but germination rate was very low in the forest compared
with that in the greenhouse because micro-environments such as organic layer and herbaceous plant
acted as limiting factors, Weed control was needed for 4 to 5 years until seedlings grew upto about
50cm in height which was similar to that of herbaceous plants. But 10-40% coverage of herbaceous
vegetation was needed to protect small seedlings from heavy rain. Forest works such as thinning and
logging, over 40% of light were important factors to help the pine regeneration. However, over 70%
coverage of herbaceous vegetation, and heavy rain inhibited rather survival and growth of pine
seedlings.

Key words : Pinus densiflora S. et Z., seed germination, seedling growth, early natural vegeneration,
thinning, herbaceous vegetation, canopy covevage
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that affect regeneration immediately after disturb-

INTRODUCTION

Pinus densiflora Sieb. et Zucc.
tative,

is the represen-
native species to Korea. This pine is
widely distributed from Korea to eastern Manchuria
and adjacent Russia, on the Shantung Peninsula
of China, and in Japan from northern Honshu to
Yaku Shima, south of Kyushu (Critchfield and
Little, 1966) and usually appeares southern part
of the mountain. It grows till 3m high and 1.8m
diameter(Lee, 1982),

pioneer species,

even though it is considered
however, it is one of the best
timber species. But the species has been geneti-
cally degraded, because most of the natural stands
were destroyed under the Japanese ruling period
(1910-1945) and during the Korean war(1950-1953)
(Kim and Zsuffa, 1994). An additional problem
to this pine was damage from pine gall midge,
Thecodiplosis japonensis(tPark and Hyun, 1983).
The infection has been so severe that dying forest
can be found all over the country, even in remote
Various attempts have
but there has
been no noticeable success(Forest Genetics Research
1993). Pine forests damaged by pine
gall midge have been cut especially in Kangwon
~do.

The total number of these pines planted since
1953 is 94,907,000 seedlings and 84,938,000 trees
survived, which occupies about 29,534ha(1.3%

areas of Kangwon-do.
been made to control this pest,

Institute,

of the total forest areas)(Forestry Administration,
1994). Artificial plantings become expensive due
to high labor cost, thus forestation through natural
regeneration has been favored.

The regeneration of P. densifora in thinned
forest areas provides the opportunity to understand
factors influencing its establishment. Some factors

ance such as cutting and soil instability may differ
from those that inhibit subsequent tree establish-
ment. Initial and subsequent tree establishment
at high elevation is affected by several climatic
factors including snow accumulation and timing
of snow melt(Wardle, 1968), summer and winter
desiccation{(Cui and Smith, 1991), extreme air and
soil temperatures(tMunn et al., 1982). Tree regen-
eration may be influenced also by non-climatic
factors, such as bare mineral soil for germination,
competition with herbaceous vegetation and such
microsite moderators as woody debris.

Distribution of P. densiflora was a consequence
of species differences in growth as well as in
time recruitment and P. densiflora regenerated
abundantly after certain fires because their seed-
lings needed bare mineral soil and plentiful
sunlight to become established. The regeneration
and growth patterns of P. densiflora seemed to
depend mainly on the forest fire (Jo, 1994).

This pine forest has a strong ability of natural
regeneration and is very adapted to the ecological
conditions which are very poor(Wang and Zhou,
1984).

Regeneration studies after tree harvesting have
Available

thinning has provided useful information concerning

been typically conducted for surveys.
regeneration composition and structure under
different thinning regimes, but gives limited in-
sight into the ecological process that drives the
response. There is a need for integrated studies
that examine species population dynamics and
the underlying processes under different regimes.
With this knowledge, silvicultural treatment can
be designed to produce the desired results. Dif-
ferences in regeneration patterns were related to
regeneration strategies(Roberts and Dong, 1993).
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Natural regeneration can be significant after
harvesting but is highly variable because it is
contrelled by a large number of interacting biolog-
ical, climatic and edaphic variables. For example,
harvesting and forest floor disturbance directly
affect seed availability, receptivity of the seedbed,
and the environmental factors such as temperature,
light, moisture and soil that control seed germina-
tion and seedling survival. In addition, disturbance
affects survival of advance regeneration and veg-
etative reproduction which compete with seed-
lings(Winsa and Berstein, 1994; Boucher et al.,
1994)

This study was designed to examine seed ger-
mination, seedling survival, and height growth
of P. densiflora during 3- to 13-year period after
different forest work practices and seedling popu-
lation dynamics at the areas which three types
of thinning treatment were applied. The specific
objectives of the study were 1)to determine what
the important factors affecting the early natural
regeneration of P. densiflora are, 2)to determine
the e’fect of forest work on seed germination and
seedling survival, and 3)to suggest the proper
method for early natural regeneration of Pinus
denstflova.

MATERIALS AND METHODS

Study area

Three P. densiflora stands after thinning had
been practised were selected for study area at
Mt. Joongwang in Pyungchang-gun, Kangwon-
do. It was recorded that the mother trees were
directly seeded in 1928~1929. The first plot (1)

Table 1. General characteristics for study plots

THGE FEIT FRELAA IIMEE % 2drel 8 R EF wixle ZER

is located at western boundary of Mt. Joongwang
(Da-subcompartment in compartment number 164,
compartment number was designated by Pyung-
chang Regional Office), the second plot (II) is
north of first plot(Sa-subcompartment in compart-
ment number 164), and the third plot (HI) at most
north among the three plots(INa-subcompartment
in compartment number 163)(Table 1). Plots I
and T are located in steep slope (20~70%) and
plot M in flat, All the plots face south. Forest
road has been constructed since 1988. Seedlings
and I, but
plot I shows several age classes of saplings.
The plot 1 was thinned strongly in 1992. The
plot I was treated by seed tree method and thus
seedlings or saplings were regenerating normally

are recently regenerating at plots 1

well. Trees in plot I were cut except mother
trees in 1982 and seed tree method was retried
in 1989. Soil preparation and weed control with
hexazinone had been done in every August from
1989 to 1993. Plot M was dominated by P.
deunsiflora Abies holophylla and
Picea koraiensis seedlings were planted in 1994
under P. densiflora. It was made as two-storied

in overstory,

forest with P. dewnsiflora in overstory, and Abies
holophyila and Picea koraiensis in understory.
Shrubs and herbs were similarly composed among
all study plots. Carex spp., Chrysanthemun spp.
and Lespedeza spp. were common herb species
appearing in the plots. In the plot 1, Quercus
mongolica and Quercus accutissima increased.
Cocculus trilobus was consistently present and
wild strawberry plants were also prevalent. In
the plot II, wild strawberry was dominant species
and Betula costata and Q. mongolica seedlings

Study plot

Descriptive variables

1 il m
Latitude (N) 370 217 297 310 21" 417 37" 28" 197
Longitude (E) 128° 29 35”7 128° 29 03" 128° 29" 50°
Altitude (m) 684 896 910
Aspect South South Southeast
Slope (% 60 - 70 20 ~ 30 0~ 10
Mean vegetation coverage (%) 10 ~ 60 70 ~ 80 10 ~ 80

Forest work Thinning was

practised in 1992 method between 1989 and 1993

Trees were
planted in 1994

Trees were cut for seed tree
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appeared. In the plot [, wild strawberry plants
were also dominant species, and logs and snags
as thinning residuals were present.

Seed germination, scarification and organic

layer removal experiment

In the greenhouse, 100 pine seeds were sown
to both pots containing same soil media as field
situation and those containing sand with 3 repli-
cates for each soil media to examine seed germi-
nation by various soil depths.

The small quadrats(lm - 2m) were established
inside forest stands and areas harvested to examine
the effects of light and soil conditions on the
germination of pine seeds. Two treatments(one
is only removal of organic layers and the other,
organic layer removal and scarification of soils)
with 10 replications were applied to each of the
small quadrats before seeding. The 100 pine seeds
were directly seeded on each of the treatments.
Thus the experiment was a randomized block
design.

Germinated seeds and survived seedlings at
each of the quadrats were recorded on August 14
and 31,
treatments,

1995 and compared between the two

Quadrat set, data collection, measurement

and data analysis

The 10 * 10m quadrats were randomly established
within each of the study plots. Five quadrats
were randomly set for each of the plots 1 and
[, and 7 quadrats for plot M. Five 2x5m
quadrats were established along forest road from
A84m to 910m from sea level.
regenerated naturally were marked with about
80cm steel stick in spring and observed again in
autumn. The number of pine seedlings and their

Pine seedlings

height by age for these quadrats were measured
and compared with those occurring at forest road-
side. Seedling ages were determined by counting
annual rings in basal disc or bud scar. The num-
ber of seedlings and saplings and the number of
seedlings survived during summer in each of the
quadrats were counted.

Canopy coverage was caculated with combining
crown width and density of mature trees in each

of the plots. Vegetation coverage was the percent
of the area covered by vegetation in the guadrat
to quadrat area.

Soil was digged with 30~ 30 5em in volume,
and seeds buried in soil were observed.

Student t-test was used to compare the treat-
ment means using the SPSS.

RESULTS AND DISCUSSION

Seedling emergence in relation to forest

works

Pine seedlings appeared suddenly after thinning
of mature trees. In plot I, there were two 7-year
-old seedlings and three 5-vear-old seedlings for
all quadrats. The 4-year-old seedling, however,
was none, Seedlings have increased since 1993
(Fig. 1). It resulted from thinning which was
done in 1992 in plot I.
many seedlings at various ages. After thinning

In plot I there were

for seed tree method in 1982, site preparation and
weed control during 1983~1985, seed tree method
retried in 1989, and site preparation and weed
control were done during 1989~1993. It explained
sudden increases in 6-year-old seedlings and
decreases in seedlings aged of 1-, 2- and 3-vear
-old. Four-age class appeared in plot II.

The result which many aged seedlings occurred
after forest works was similar to that reported
by Peal et @l.(1991) who mentioned that conifer
regerieration is generally excessive after logging.
Thinning of young stands on upland sites appears
to benefit understory conifers, which rapidly ex-
pand to fill in the available growing space.
Heavy thinning in older stands promotes dense
germination of understory conifers making it
difficult for other understory plants to become
established(Deal and Farr, 1994). Especially this
pine seedlings could emerge more after thinning
or disturbance which provided the space supplying
sufficient light.

The number of mature trees differed among
the plots 1, I and M(Table 2). But the number
of l-vear-old seedlings was the most in plot I
whereas the least in plot TI. Tree height in plot
[ was the greatest. Plot 1 was located at the

lowest altitude and plot I at the highest. So
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Fig. 1. Distribution of pine seedlings by age for three study plots and forest roadside. Plot I * thinned
in 1992, Plot I : seed tree system was applied in 1982 and 1989 and treated with hexazinone
in 1993; Plot T : thinned in 1992 and two-storied forest was established in 1994.

Table 2. Mature tree age, number of mature trees per ha, average mature tree height, number of seeds
buried in soil per ha, dry weight of herbaceous vegetation biomass, herbaceous plant height,
average organic layer for all of the study plots.

Plot 1 Plot II Plot I Forest
) o ~__roadside

Ma:ure tree age (years) 63 50-60 62 -
Ma:ure trees/ha 289 22 300 -
Ma:ure tree height (m) 22 20 18.4 -
Volume (m'/ha) 219 33 187 -
No. of seeds buried in soil per ha 1,667,000 264,000 500,000 -
No. of one-year-old seedlings per ha 1,540 340 180 40,000
Dry weight of herbaceous 22.15 22.50 21.60 -
vegetation biomass (tons/ha)
Herb height (cm) 30 50 5 -
Organic layer (cm) 3 3 1 -

trees seemed to grow better at lower altitude.
The diameter of mature trees were similar as
about 500cm between all three plots. Dry weight
of herbaceous vegetation was similar among the
Even though the
amount of herbaceous plants was different. Herb
heights were about 30cm in plots [ and I, and
about 50cm in plot II.

three plots. in same plots,

A sufficient number of well distributed seed
trees per unit area must be present for a good
potential cone production. The trees must be
healthy and windfirm and have well developed
crowns. However, a good seed fall will not be
sufficient. Suitable microsite and favorable weather
conditions are also essential for a good germination

and seedling establishment. In plot 1T, only 22
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No. of seedlings/ha

40% 70%
Herbaceous vegetation coverage (%)

0 t-year old seedlings B 2-year old seedlings 1
3—year old seedlings B 4-year old seed(ingsJ

Fig. 2. Seedling density of P. densiflora by veg-
etation coverage

mature trees per ha produced about 4,000 seed-
lings. Thus, it was considered that about 20
trees per ha were sufficient for successful natural
regeneration of pines.

Seedling survival related to vegetation and

canopy coverage

Seedling density by vegetation coverage explain-
ed how vegetation affected seedling survival(Fig.
2). In vegetation coverage of about 10%, many
small pine seedlings appeared and survived until
age 4. But in vegetation coverage of 70%, there
were few 4-year-old seedlings in comparison with
Herb
patches play a major role in determining the

vegetation coverages of 10% and 40%.

density and distribution of seedlings of leading
tree species, and that the distribution of herb
patches is significantly affected by both tree
canopy foliage and other herb patches(Maguire
and Forman, 1983).

Canopy coverage was important to seedling
growth. Pine seedlings could grow when enough
light reached and its growth was strongly affected
by overstory coverage. Tree growth was the best
in plot I where canopy coverage was 10.6%.

Seedling survival by canopy coverage showed
different results from seedlings density by herb
coverage(Fig. 3). Seedling survival rate reached
almost 100% when canopy coverage was (0%,
but it was the lowest when canopy coverage was
10.6% in plot I. In plot I, there were many
herbaceous plants and their height was tall,
which inhibits pine seedling growth. Even though

0% 10.6%

51.2%
Canopy coverage (%)

59.6%

Ui 1—year old seedlings M 2-year old seedlings
3--year old seedlings M 4-—year old seedlings

Fig. 3. Survival rate of P. densiflora seedlings
by canopy coverage (0%: forest roadside;
51.2%: plot 1; 10.6%: plot T; 59.6%:
plot ).

overstory was open to supply enough light, pine
seedlings were difficult for survival if understory
was closed. The unusual survival rate of 1-vear-
old seedling in canopy coverage 59.6% was
caused by delayed germination. There were few
l-year-old seedlings when counted In spring.
However, some seeds were germinated after sur-
veying in spring, indicating that their survival
rate rather increased in fall.

Effect of scarafication and organic layer

removal on seed germination and seedling

survival

Germination rate tested in the greenhouse was
above 70%.

germinating species. But, germination rate in the

Pine is one of the highest seed-

study plots was very low even though seed
supply was enough. In the germination experiment
by burying depth, seedlings emerged till Z2cm
burying depth, but no more seedlings emerged
deeper than Zcm.

In the experiment to understand the effect of
light and scarification, germination did not seem
to be affected by light(Table 3). On August 14,
1995 when seeds were just germinated, there
were no differences between the number of seed-
lings at open area and in the forest. On August
31, 1995, however, those in the forest hardly
survived. At open area, the number of seedlings
in scarification differed between August 14 and
August 31 on. In the litter removal treatment,



530 TRGHE FEIL Rl A IitkEE % ubTe] i KRR BEE vlAe BRE

Table 3. Germination rate(%) between litter removal and scarification treatment at open area(0% canopy

_ coverage) and in the forest (90% canopy coverage) on August 14 and August 31, 1995.

Treatment \ date

At open area

In the forest

August 14 August 31
Litter removal 2.1* 2.1 )
Scarification : 1.0 2.1" B
Litter removal - 29— m‘)‘77)¥7‘ -
S;arifica‘éon o 77'37 7 0.2

*

and * indicate significant differences between August 14 and August 31 in scarification treatment

at open area, and between litter removal and scarification treatment at open area on August 14 at

5% level, respectively.

herhaceous plants somewhat appeared. In scratched
treatraent, about 4 seedlings per square meters
decreased to about 2 seedlings per square meters.
Every possibilities like insects, disease to explain
the decrease of seedlings would be guessed. In
this case rain took an important role. From Au-
gust 24 to August 30, there was heavy rainfall-
about 10lmm per day(Korea Meteorological Admi-
nistraion, 1995). In scarification treatment, there
were few herbaceous plants to protect pine seed-
lings from water flowing. Rain hit the bare soil.
Therefore, many small seedlings were lost. Her-
baceous plants shade pine seedlings and derive
them of light to die. But their small amounts
helped pine seedlings survive and seedlings
couid stand shade to some degrees.

Pine trees grew slow till they were 4- or 5~
vear-old(Fig. 4). Reaching that age, they started
growing fast, because tree height at ages 4 or 5
became about 50cm, which was the average
height of herbaceous plants in this area. It is
possible that pine seedlings lose the competition
of light with herbaceous plants. It explained the
extrernely low survival rate of pine seedlings in
plot 1. There was weed control with hexazinone
from 1989 to 1993 in plot 0. There were many
4- to T-year-old seedlings, but there were few 1-,
2- and 3-vear-old seedlings in plot II because
many herbaceous plants invaded again and outgrew
pine seedlings. Canopy coverage made an impor-
tant role in seedling emergence and growth, Pine
seedlings coild grow when enough light reached
and its growth was strongly affected by overstory
coverage. Tree growth was the best in plot Il
where canopy coverage was 10.6%.

The establishment, survival and growth of
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Fig. 4. Height growth of P. densiflora seedlings
by age for all the study plots

forest seedlings are strongly influenced by the
microsite conditions. Soil preparation could modify
the climate near the ground to a certain extent,
(Lundmark and Hallgren, 1987).

CONCLUSION

(rermination rate in the greenhouse was above
70%, but many other micro-environments acted
limiting factors for seed germination in the field.
Thus seed germination on the field situation was
only 2 to 3%.

For early natural regeneration of P. densifiora,
overstory disturbance like thinning was indispen-
sible to supply enough light for seedling emer-
gence and survival. Even though overstory was
open, over 70% coverage of herbaceous vegetation
prevented the growth of seedlings and shaded
them to die.

Soil scarafication during forest works such as
logging helped pine seedling emergence and
growth about 4 times better than those growing
without scarification.
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The scratching by logging operations and slash

dispersal were advised to prepare the ground for

initial natural regeneration of P. densiflora. Weed

control was advised till pine seedlings became 4
-to 5-year-old when their height reached about
50cm to outgrow herbaceous plants, but about 10
to 40% coverage of herbaceous plants may be

good to protect the growth of pine seedlings from

heavy rain. Light, herbaceous plant, canopy
coverage and heavy rain were the main factors
affecting the early natural emergence of P.
densiflora seedlings.
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