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ABSTRACT

In this study, the effects of windbreak fences composed of natural vegetation on one-year-old

seedlings were analyzed to develop restoration methods for an endangered subalpine species, the dwarf

Siberian pine (Pinus pumila (Pall.) Regel). One-year-old seedlings were planted in 2016 by sowing

seeds that had been collected from the Daecheongbong area on Mt. Seoraksan, South Korea, in 2014.

The area near Daecheongbong was selected as the experimental site, and treatment and control plots

(2m×2m) were installed at the site. To analyze the effects of wind protection, windbreak fences were

constructed in the treatment plots using hairy Korean rhododendrons (Rhododendron mucronulatum

Turcz. var. ciliatum Nakai) from the surrounding area and weather stations were installed to investigate

atmospheric temperature, humidity, and wind speed. In all control plots without windbreak fences,

dwarf Siberian pine seedlings were killed by strong winds seven months after planting. In contrast,

the average survival rate of the seedlings in treatment plots was 96.7% after seven months, 64.2% after

two years, and 45% after three years, with most (85.3%) of the seedlings showing good initial root

establishment. Accordingly, windbreak fences composed of natural vegetation are suitable for

promoting the early establishment of seedlings in the restoration of dwarf Siberian pine stands.
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I. Introduction

The Mt. Seoraksan is an important area for

biodiversity conservation (Sung et al. 2020). The

Daecheongbong area (1,807 m above sea level)

on Mt. Seoraksan is a representative subalpine

region in South Korea, dominated by dwarf

Siberian pine (Pinus pumila (Pall.) Regel), Korean

arborvitae (Thuja koraiensis Nakai), Khingan fir

(Abies nephrolepis (Trautv.) Maxim.), rigid-

branch yew (Taxus cuspidata Siebold & Zucc.),

and hairy Korean rhododendron (Rhododendron

mucronulatum Turcz. var. ciliatum Nakai) (Kong

2002; Kwon et al. 2010; Song et al. 2012a).

According to the International Union for

Conservation of Nature (IUCN) Red List at the

national level, the dwarf Siberian pine is highly

valuable as a genetic resource and is at risk of

extinction due to climate change, with almost no

seedling growth and little natural regeneration

within the population (Korea National Arboretum

2009; Park et al. 2014).

Alpine and subalpine regions are areas with

reduced tree growth when compared with

low-altitude areas due to low air temperatures,

strong winds, low soil moisture content, and

shallow soil layers (Cho et al., 2016; Müller et

al. 2016). The recovery of subalpine areas after

severe disturbances is difficult due to the

environment, which is unfavorable to tree growth,

and the slow plant growth (Pröll et al. 2015;

Johnson and Yeakley 2016; Choi and Lee 2018).

The dwarf Siberian pine is a representative

subalpine species of the Korean Peninsula,

distributed only on Mt. Seoraksan in South Korea

(Kwon et al. 2010; Song et al. 2012b). In Japan,

however, the dwarf Siberian pine is relatively

widely distributed in subalpine regions; its natural

regeneration is facilitated by birds (Kajimoto et

al. 1998), although the survival rate of its

one-year-old seedlings is 4.2~4.4% in 2000 over

the four-year period after germination, with

drought in spring and summer being the main cause

of mortality (Kajimoto 2002). The population of

dwarf Siberian pine on Mt. Seoraksan is small, and

yet its genetic diversity is relatively high (Song et

al. 2012b). However, limited seed dispersal due to

excessive damage from feeding caused by birds and

rodents during cone maturation has been reported

as a major factor for little natural regeneration (Song

et al. 2012a).

In general, populations with narrow distribution

and small size are characterized by low genetic

diversity, which reduces population adaptability

due to inbreeding depression among individuals

and consequently leads to population extinction

(Bozzano et al. 2014). Despite its limited

distribution and relatively small size, the

population of dwarf Siberian pine in Mt. Seoraksan

showed high genetic diversity (Song et al. 2012b).

However, the population of dwarf Siberian pine

in Mt. Seoraksan is likely to continue being

affected by random genetic drifts due to its small

size (Song et al. 2012b). In addition, since most

cones are damaged by rodents and birds in July

and August before they ripen, natural regeneration

is unattainable, which ultimately negatively affects

its genetic diversity (Song et al. 2012a).

To conserve the population of dwarf Siberian

pine in Mt. Seoraksan, it is important to address

the issue of seedling regeneration. A stable seed
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collection is possible using cone protective nets,

and propagation methods have been developed to

evaluate the seed germination characteristics of

dwarf Siberian pine (Song et al. 2012a; Lim et

al. 2015). However, for successful restoration of

this population, it is critical to develop a method

for safe establishment of dwarf Siberian pine

seedlings in their natural population. Therefore,

this study aimed to develop stable in-situ

restoration methods that promote early seedling

establishment by evaluating the effects of

windbreak fences composed of natural vegetation

on the establishment of dwarf Siberian pine

seedlings.

II. Materials and methods

1. Plant materials

The one-year-old seedlings used in this study

were cultivated from seeds that were collected

from the Daecheongbong area on Mt. Seoraksan,

South Korea, in 2014 and sown in 2015. The seeds

were used after three months of cold stratification

treatment at 4 °C to break dormancy after

low-temperature (-18 °C) storage (Lim et al. 2015).

The mean (± standard deviation, SD) height and

mean (±SD) root collar diameter of the one-year-

old seedlings were 3.7 ± 1.0 cm and 1.8 ± 0.2

mm, respectively.

2. Experimental site

Daecheongbong area (1,708 m) on Mt.

Seoraksan is located from 38°05′25″ to 38°1

2′36″ N, and from 128°18′03″ to 128°26′

43″ E, overlooking the East Sea (Figure 1).

Daecheongbong-type granite of the Paleoprotero-

zoic Era is distributed in this area (Korean Institute

of Geoscience and Mineral Resources, 2010).

Meteorological data in the study area were based

on data from 2016 to 2019 obtained from the

Automatic Weather System (AWS) located near

Jungcheong Shelter. During the study period, the

average annual temperature was 4.7 °C, the

average annual precipitation was 2,188 mm, the

average wind speed was 5.0 m·s-1, and the

maximum wind speed was 37.6 m·s-1. The

experimental site (1,688 m above sea level) was

selected in the Daecheongbong area (Figure 1) in

September 2016. Control and treatment plots

(2×2m) were installed at the site (Figure 2).

Planting in consideration of the surrounding

vegetation is important for ecological restoration

(Lee and Song. 2011). The windbreak fences used

in this study were composed of hairy Korean

Rhododendron shrubs that had been distributed in

the surrounding area; this species has been

reported as an accompanying species to the dwarf

Siberian pine (Kwon et al. 2010). To reduce wind

speed, five windbreak fences (2m×0.7m×0.3m)

were installed in a direction perpendicular to the

slope (northwest), at intervals of 0.5 m in the

treatment plot. A total of 60 seedlings

(one-year-old) were planted 20 cm apart in a 15×4

array in each plot on September 15 (Figure 2).

Air temperature, humidity, and wind speed were

measured using a HOBO® weather microstation

(U30, Onset Inc., Bourne, MA, USA).

3. Data collection and statistical analyses

Growth characteristics of the dwarf Siberian

pine seedlings were investigated at seven months,

two years, and three years after planting. In the

first year after planting, re-planting was carried

out for uprooted seedlings. The weather data were

collected from the HOBO® weather microstation

for 6 months after planting.
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Statistical analyses were conducted using

Microsoft Office Excel 2019. A t-test was

performed to analyze the statistical differences

between the control and treatment groups.

III. Results

1. Growth characteristics of dwarf Siberian

pine seedlings

The survival rate of dwarf Siberian pine

seedlings in the treatment plot was significantly

higher (P < 0.01, two-tailed t-test) compared with

that of the control plot (95% after seven months,

75% after two years, and 50% after three years

(Figure 3). All the seedlings in the control plot

died seven months after planting (0% survival rate).

Three years later, the mean height of the seedlings

in the treatment plot was 9.0 ± 2.5 cm, and their

mean root collar diameter was 5.0 ± 1.3 mm, which

shows a 2.5-fold increase in height and a 2.8-fold

increase in root collar diameter from the time of

initial planting. All the dead seedlings in the

treatment plot were damaged by uprooting, and

20% of the surviving seedlings were found to have

survived after uprooting damage (Figure 4C, 4D).

2. Weather conditions

Weather data collection from September 2016

to February 2017 showed that the strongest winds

in the region occurred in the winter period (January

and February). The monthly average and maxi-

mum wind speeds were higher at all times in the

control plot (0.95 to 2.56 m·s-1, 7.05 to 12.08

m·s-1) than in the treatment plot (0.75 to 1.83

m·s-1, 9.06 to 18.62 m·s-1) (Figure 5). The soil

moisture content was higher in the treatment plot

from December 2016 to February 2017 when

compared with that in the control plot (Figure 5).

3. Discussion

In this study, the survival rate of one-year-old

dwarf Siberian pine seedlings in the presence of

a natural windbreak was 50% over the three-year

period, which was relatevely higher than the

previous studies (less than 20%) investigated under

natural conditions (Morihiro 1988; Kajimoto

2002). However, one year after planting of the

seedlings, the survival rate of seedlings was 0%

in areas without windbreaks. That is indicating

even after seed germination, natural regeneration

is likely almost unachievable in wind-exposed

areas. Thus, the windbreak treatment had increased

the survival rate of one-year-old seedlings.

The reduction in wind speed using windbreak

fence depends on the height of the fence and the

air porosity rate (Heisler and Dewalle 2012). In

the study of windbreak effectiveness using black

pine (Pinus thunbergii Parl.), it was reported that

wind speed was reduced by 60-90%, depending

on the density of trees planted (Bitog et al. 2012).

The hairy Korean rhododendron used in the

present experiment reduced the wind speed by

28%, indicating that it had a higher air porosity

rate than did pine trees, which is attributed to

deciduous character of this species. The windspeed

reduction by the windbreak fences composed of

the hairy Korean rhododendron was 22-34% in

winter (December to February) and similar to that

in the autumn period (21-33%). It is presumed

that even deciduous species may cause more than

a 50% reduction in wind speed in winter compared

with the summer period (Heisler and Dewalle

2012) due to snowfall in winter.

The soil moisture content of the treatment plot

was lower than that of the control plot in the

autumn season (September to November), the
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period when the growth of plants was relatively

active. This is presumed to be due to the absorption

of soil moisture by the hairy Korean rhododendron

used as a windbreaker in the treatment plot. In

contrast, during the winter (December to February)

when plant growth is interrupted, the soil moisture

content in the windbreak treatment plot was high,

presumably due to the fences that lasted longer

during the snow-covered periods than the plants

in the control plot (Naaim-Bubet and Mullenbach

1998).

Consequently, the installation of windbreaks

using vegetation has been shown to be very

effective for the early establishment of dwarf

Siberian pine seedlings. The windbreak fences

reduced wind speed by approximately 28% and

prevented wind-elicited seedlings’ death. It was

also presumed that the relatively high soil water

content during the winter period improved the

rooting of seedlings during the dry season.

Therefore, the installation of windbreak fences

using vegetation can be used as a restoration

method for dwarf Siberian pine trees, as well as

other tree species, in subalpine regions. In order

to develop a more effective windbreak installation,

future research should analyze the effectiveness

of various types of vegetation as windbreak.
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Figure. 1. Location of the study site planted with one-year-old dwarf Siberian pine seedlings in Mt. Seoraksan,

South Korea.

Figure. 2. Treatment (A) and control (B) plots in the study site. To reduce wind speed, five windbreak fences

were installed in a direction perpendicular to the slope in the treatment plot. The prevailing winds blow

from the southwest to the northeast (Kim and Chung 2006) .
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Figure. 3. Mean survival rate of dwarf Siberian pine seedling in treatment and control plots. The

control plot had no seedlings that survived one year after planting in 2016.

Figure. 4. Control (A) and treatment (B, C, D) plots after three years. Dead seedling (C) and live

seedling (D) after uprooting. All the seedlings in the control plot died, but 50% of the

seedlings in the treatment plot survived. The dead seedlings in the treatment plot were

damaged by uprooting, and 20% of the surviving seedlings were found to have survived

after uprooting damage.
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Figure. 5. Effect of windbreak fences on environmental factors: mean wind speed (A) and soil moisture content

(B). All values are mean monthly data ± standard deviation (SD). *, **, *** indicate significant

differences at P < 0.05, P < 0.01, and P < 0.001, respectively.


