Kovean J. Ecol. 19(4) : 305~320, 1996

Biomass Changes of a Human-influenced Pine Forest
and Forest Management in Agricultural Landscape System

Hong, Sun-Kee* and Nobukazu Nakagoshi

Department of Envivonmental Studies, Hivoshima University,

Higashi-Hivoshima 739 Japan

QIZtZHd st &Lt R & 2] HERH Ele}
SEZHAILH U0l M 9] LhEHa

& M I higEm
Y 3z A & guety fEAE

ABSTRACT

It is necessary to obtain information about the productivity of the human-influenced forest and
to understand the consumption of biomass resources in secondary forest in order to examine the
resource flux by human activity in rural landscape. Thus the aims of this study were to elucidate
the biomass and their use of secondary Pinus densiflora forests and to discuss sustainable
utilization of secondary forests in rural landscape system. This study was carried out in
Yanghwa-ri, Kongjugun, Chungcheongnam-do, central Korea. The changes of growth rate and
aboveground biomass of a pine forest for 2 years were analyzed to understand forest management
regimes in rural pine forests, Through allometric equations deduced from 25 sample trees, biomass
was estimated. The biomass increase of pine forest was approximately 16,36 t /ha /yr in the
unexploited stand and 12.24 t /ha /yr in the exploited stand. These were nearly equal to those of
natural pine forests in central Korea, This result proved that human-influenced pine forest in rural
landscape as well as the natural one has high potentiality to provide forest products. Making
graveyard in forest-land was the important disturbance and land-use which currently occurring in
rural landscape in the study area. Finally, we presented some forest management for sustainable
and positive uses of secondary forests as one of the local energy resources in terms of the holistic
landscape-ecological view.
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INTRODUCTION

The estimation of plant biomass (standing crop) and net primary production (NPP) is
fundamental to understanding processes in forest ecosystems, because all food chains in
the ecosystem begin with plant materials. The change of biomass, moreover, provides an
important measure of total human activity for energy use (Odum and Turner 1991).
Changes in biomass and NPP may also be used to assess successional trends and dynamics
in different forest ecosystems after human or natural disturbances (Shidei and Kira 1977,
Peet 1981, Knight 1991, Tadaki 1991).

Many studies about plant biomass or productivity have been concerned with the man-
agement and utilization of forest as one of the natural resources. Recently, sustainability
in a broad sense has become an issue in the world resource management (e.g. Turner
1993), especially for forest landuse (Noss 1993). Such studies reflect the fact that
sustainable utilization of limited natural resources must be appropriate in socio-economic
terms while minimizing ecological damage (Zonneveld 1990, Hobbs and Saunders 1993).
Forest clearance by human activity also gives diverse habitats for species colonization, nu-
trient movement, water flux, and other ecological interactions between landscape
elements (Burel and Baudry 1990). For these reasons, many recently emerged studies con-
cerning biomass, productivity and forest-cutting are closely related with the causes of hu-
man-nature complex (Franklin and Forman 1987). Human activity, therefore, must be con-
sidered as one of components influencing forest ecosystem or landscape (McDonnell and
Pickett 1993), especially in a secondary vegetation,

Recently scientists have begun to study biomass and NPP of various forest ecosystems
to obtain accurate information on commercial timber production and renewable energy
sources in Korea. Red pine (Pinus densiflora) is one of the representative tree species of
the secondary forest in Korea (Rim et al. 1991), and it has played an important role in
sustainable production of plant materials such as timbers, fuels and organic fertilizer for
agriculture (Kim ef al. 1981, Nakagoshi and Rim 1994). Several papers on the biomass and
productivity of pine forests are now available (Kim and Yoon 1972, Lee 1985, Lee et al.
1985, Kim et al. 1988, Park and Kim 1989, Park and Lee 1990, Lee and Park 1991). These
reports, however, deal with natural forests that occupy only a small part of the total for-
est cover in Korea. There are few studies on secondary pine forests which have been sus-
tained under the traditional management or human exploitation in Korea.

To estimate forest economic prospect, it is necessary to obtain information about the
productivity of the human-influenced forest and to understand the consumption of biomass
resources in the secondary forest, Thus the aims of this study were to elucidate the
biomass and their use of secondary Pinus densiflora forests and to discuss sustainable

utilization of secondary forests in rural landscape system,
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METHODS

Study area

The investigated area lies in Yanghwa-ri, Kongju-gun, Chungcheongnam-do, Korea (lat,
36°23" N, long. 127°12" E) (Fig. 1). The annual mean temperature and precipitation are 12.2
€ and 1,319mm, respectively, in Taejon near Yanghwa-ri. In terms of thermal climate
condition, the area is located in the southern part of the deciduous broad-leaved forest
zone (Yim and Kira 1975).

A small section of the farm village, Yanghwa-ri lies in a basin surrounded by the moun-
tainous ranges of Mt. Kyeryong (845m above sea level) including a part of the national
park. The soil was mainly derived from granite, and generally is poor in soil nutrients, The
forest covers 458.5 ha of the whole area of 773 ha, and consists mostly of private pine for-
est. Cultivated field and residential areas cover 230.1 ha of the whole section (Hong ef al.
1995). The harvesting operation for the estimation of biomass was carried out in the ex-
perimental forest of Chungnam National University, Puyo near Yanghwa-ri (Fig. 1).

Plot environment and soil properties
The field study was carried out from 1991 to 1993. An exploited stand, a pine forest includ-
ing graveyards, was selected in Yanghwa-ri (Fig. 2). An unexploited stand (no graveyard
and abandoned from human activity for approx. 3 years) was also selected near the
exploited stand. A 20X 50 square meter quadrat plot was set up in each stand (Fig. 2), and
a tree census for all woody stems over 3m in height was carried out in both plots,

The relative light intensities were measured through hemispherical photography using a
fisheye lens (Nikkor Auto f=1:2.8, 8mm) (Madgwick and Brumfield 1968). Total
illuminance was estimated by overlaying a grid on the hemispherical photographs of a for-
est canopy. It is then possible to estimate the percentage reduction of illuminance by
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Fig. 1. Locations of Yanghwa-ri and Puyo and the investigated areas.
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Fig. 2. The distributions of main trees over 3m in height in both pine forests in Yanghwa-ri, Open
circle; original Pinus densiflora in 1991, Cross: damaged Pinus densiflora in 1993. Closed circles:
Pinus rigida, Triangle; Alnus firma, Reverse triangle; Robinia pseudoacacia, Small box; Quercus
variabilis in 1991, Plus; damaged stem of those species in 1993, Big boxes are measuring sites of
soil properties and RLIp. GY and T mean graveyard and tomb, respectively.

counting the segments that are clear and those which are obstructed ( Anderson 1964).

To examine the soil properties, eighteen soil samples (each of 200g) of A horizon under
the organic horizon (including surface litter and fermentation layers) were ramdomly
sampled in each pine stand (Fig. 2). The pH was determined in a 1:2.5 soil : water suspen-
sion using a glass electrode assembly. Total nitrogen and organic carbon contents were de-
termined by the micro-Kjeldahl method and loss on ignition. The ratio of the weight of or-
ganic carbon to the weight of total nitrogen in the soil (C/N ratio) was obtained by
dividing the percentage of organic carbon by the percentage of total nitrogen,

Growth rates of trees

The growth rates of the trees were estimated in the same site where population struc-
ture of pine was examined previously (Hong et al. 1993). A census of trees above 3m in
height was carried out in Oct., 1993 in the same way as in Oct., 1991, Forest managements
like cutting of stems and branches, or collection of litters to the plots and pines was
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recorded through this second tree census. Annual change of D? - H data derived from di-
ameter at breast height (DBH) and tree height (H) was used for measuring of relative
growth rate (RGR) in this study.

Measurement of biomass

Estimation of pine biomass was carried out according to the following procedures. The
felling operation was carried out in Aug., 1992 according to standard sampling methods
(Kim and Yoon 1972, Kim 1976, Lee and Park 1986, 1991, Park and Kim 1989, Park and
Lee 1990). Twenty-five sample trees of Pinus densiflora were selected at random in the
pine forest of the University forest of Puyo near Yanghwa-ri (Table 1).

Fach sample tree was felled at 10cm height above ground surface, and the trees were
divided into the following four components: bole, branch, foliage and cone. The boles were
cut into 1m long logs. The fresh weight of the sample was determined by weighing and

Table 1. Data of sample trees of Pinus densiflora for estimation of allometric equation of biomass shown

in Table 2
Dry weight (kg)
No. DBH(cm) H(m) Cone Foliage Live Dead Bole- Bole- Total
branch branch wood bark
1 3.10 4.63 <0.01 0.06 0.15 0.03 0.54 <0.01 0.87
2 3.85 7.22 0.02 0.19 0.08 0.05 1.53 0.03 2.00
3 3.98 4,98 <0.01 0.21 0.16 0.04 0.96 0.01 141
4 4.00 7.09 <0.01 0.13 0.10 0.04 1.57 0.03 2.01
5 4.15 4.50 - 0.12 0.24 0.05 0.79 0.01 1.29
6 6.60 6.80 0.01 0.31 0.49 0.12 2.69 0.04 3.67
7 6.95 6.12 <0.01 0.36 1.14 0.05 2.47 0.04 4.20
8 7.50 7.60 <0.01 0.63 1.11 0.12 5.08 0.11 6.67
9 9.38 7.60 0.03 0.82 1.28 0.19 7.12 0.13 8.85
10 9.70 7.60 0.02 0.97 1.08 0.19 7.06 0.10 9.33
11 10.50 7.80 0.06 1.00 3.00 0.15 8.64 0.15 11.96
12 10.75 9.80 0.03 1.05 1.65 0.50 9.91 0.14 12.85
13 12.45 9.20 0.11 1.4 2.36 0.87 12.77 0.20 16.49
14 13.60 9.80 0.15 2.44 4.49 0.08 11.53 0.19 18.33
15 14.95 10.90 0.06 1.48 5.46 0.93 19.28 0.24 26.17
16 15.60 9.90 0.06 0.89 4.01 0.99 14.87 0.24 45.08
17 16.50 8.00 0.14 1.92 8.22 2.64 19.22 0.32 29.95
18 17.90 10.70 0.08 4.14 9.28 1.92 25.80 0.38 39.87
19 19.35 70.90 0.20 1.55 9.51 1.60 25.49 0.37 53.25
20 19.50 7.60 0.22 1.81 6.21 2.60 23.45 0.60 31.12
21 20.50 7.60 0.26 3.06 11.46 1.24 22.01 0.62 33.73
22 21.60 7.80 0.17 1.47 16.11 1.02 25.80 0.49 40.66
23 22.80 7.60 0.25 9.92 19.69 1.95 32.02 0.62 56.69
24 23.50 10.00 0.33 8.78 22.07 0.93 40.42 1.00 64.44
25 25.25 6.70 0.15 1.36 18.87 0.80 37.51 0.53 52.31
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summing each component. A 1.5 to 2.5cm thick discs from every 1m section of bole stem
and samples of other components were taken to Chungnam National University, Taejon.
About 20 to 25% by weight of each individual tree component was sampled for dry weight
analysis in the laboratory. Root samples could not be taken because of the hard rock sur-
rounding the root system. For branches, live and dead branches were separated. All
sampled components were put in paper bags and dried at 80 to 90°C until their weight be-
came constant. Dry weights of each component were directly used in the calculation of the

biomass of original tree individuals,

Estimation of above-ground biomass

The biomass of the forest stand was calculated by allometric equations (Ogawa et al.
1968, Whittaker and Woodwell 1968, Zavitkovski 1976) based on local experience in Korea
(Kim and Yoon 1972, Kim 1976, Lee and Park 1986, 1991, Park and Kim 1989, Park and
Lee 1990). The generalized equations used in those studies were following two types:

logWt = a + blogD? - H (1),
logWt = a + b logD + ¢ logH (2),

where Wt is oven dry weight of each component in kg, D is diameter at breast height in
cm, H is tree height in m, and a, b, and ¢ are parameters,

Estimations of above-ground biomass of Pinus densifiora forest were accomplished in sev-
eral mature pine plantations and natural forests using equation (2) (Lee and Park 1986,
1991, Park and Kim 1989), and in secondary forests using equation (1) (Kim and Yoon
1972, Park and Kim 1989).

After a statistical test of these two equations, the estimation of biomass of pine forests
was compared by using the allometric equation (1) which had a larger coefficient of deter-
minant (r?) to the estimation of the total aboveground biomass than that of equation (2)
(Table 2). The biomass of other tree species was also estimated by equations introduced
from the following studies: Pinus rigida (Kim 1976) and other broad-leaved tree species
(Forestry Research Institute 1987).

RESULTS

Stand characteristics of Pinus densiflora forest

Tables 3 and 4 present an analysis of the stand characteristics of Pinus densiflora
populations in Yanghwa-ri, The stand age was about 18.9 years old in the unexploited plot
and 27.1 years in the exploited plot, The tree density of the plots, 1,730 and 2,350
stems /ha reflects a vigorous regeneration of pine forest in the investigated area. An
analysis of the age and size structure of the plots offers some information about the regen-
eration pattern. Those pine forests were regenerated about 40 years ago and then sus-
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Table 2. Allometric regressions for sample trees of tained their stand characteristics by means
Pinus densiflora in Yanghwa-ri. Equati- of forest management (Hong ef al. 1993).
on:Wt=a(D? - H)® where Wt is oven dry
weight of each component in kg, D is
DBH in cm, and H is tree height in m

There is management regime in or
around the forests. Under this old tra-

dition, the graveyard was constructed in

Tree components a b r? ] .
a private forest (Fig. 2). Owners of

Cone 0.000087 0.913 0.795* .
Foliage 0.003793 0.804  0.860% graveyard manage the surrounding of
Dead branches 0.000533 0.940  0.820" the graveyard ground by traditional for-
Live branches 0.000959 1.136  0.937* est practices, and then the harvested
Bolebark 0.000273 0.912  0.962* plant material is used for fuel and green

L]
Bolewood 0.021727 0.870  0.989 ure. This management often in-
Total 0.026424  0.901 0.989*

fluences the regeneration efficiency of
* p<0.001 in F-test in ANOVA, .
the undergrowth under the pine canopy.

Table 3. The traits of Pinus densiflora populations in two plots in Yanghwa-ri

Tree Age ’I‘.ree DBH Sm of
Plots density Mean+SD height Mean+SD growing stock
Mean+SD (D? - H)
Unexploited 2350 18.9+3.5 4.2+0.8 6.8+3.1 607077.3
Exploited 1730 27.1+3.7 6.4+1.8 11.1+5.2 1936708.1

* All data of Pinus densiflora is counted over 3m in height per lha.

The good light of sparse forest gives a chance for the light-demanding plants such as Les-
pedeza cyriobotrya, Rhododendron mucronulatum, Carvex humilis and Miscanthus sinensis var,
purpurascens to grow on the forest floor (Table 4). The Pinus densiflora forests in this area,
therefore, are in an early successional stage (Hong et al. 1995).

The C /N ratio was about 31.5 and 39.1 in the unexploited plot and the exploited plot,
respectively. Compared to the mean values for the whole pine forest of Korea (Rim et al.
1991), our data are low. It means that total nitrogen of soil in the study area is less than

Table 4. General features of plots surveyed in Yanghwa-ri. RLIp is a relative light intensity measured
by hemispherical photography

Unexploited Exploited
Soil properties pH 4.24+0.10* 5.10£0.16
C /N(%) 31.47+14.35 39.08+5.12
Light condition RLIp (%) 39.3+5.3 42.2+4.8
Herb layer Height (m) 0.7+0.1 0.5+0.2
Dominant Lespedeza, Zoysia,
plant Carex, Quercus,
Smilax, Lespedeza,
Robinia, Carex
Miscanthus
Litter layer Coverage (%) 38.0+14.4 43.3+12.5

* Mean+SD
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that of other regions. It is due to the low decomposition of soil organic matter by microbes
induced from dry soil (Miller and Donahue 1990). In general, a granite soil tends to have
high pH. Compared to the natural pine forest (Lee and Park 1991), the values of pH in
both plots are less acidic, Such soil properties may result from a poor forest floor derived
from the irregular disturbance on the forest floor through practices such as litter raking
and weeding. The soil pH in the exploited site including many gravemound, especially,
was less acidic than that of unexploited site, possibly because of the mixture of calcium

carbonate in soil when the mound was constructed.

Growth rate of Pinus densiflora forest for 2 years

Relative growth rate (RGR) of pine population was estimated from the census data of
all trees in different years, Fig. 2 shows a distribution map of pine forests in Yanghwa-ri.
Loss of biomass was found in both pine plots. Natural thinning of young pines under the
canopy occurred in the unexploited plot. The main cause of biomass loss in the exploited
plot was the removal of trees by human, for example cutting, felling and destruction by
heavy machine to construct a new graveyard. When new graves were constructed, plants
were cut down besides well-grown and good shaped pines. Table 5 shows growth rate of
dominant tree species in pine forests for 2 years.

The trees of the unexploited plot showed a large RGR in Yanghwa-ri. Nitrogen-fixing
trees such as Robinia pseudo-acacia, Alnus firma, and alien Pinus rigida showed a higher
height growth than that of Pinus densifiora. The light conditions of the unexploited plot
may contribute to the good growth of oaks. Light availability in forest canopy is the most
important growth factor for mature trees (Oliver and Larson 1990) as well as seedlings
and saplings (Grime and Jeffrey 1965). Thus both pine forests in Yanghwa-ri contain ap-
propriate places for growth of the above-mentioned woody plants as well as pines which

Table 5. A dynamics of growth rates of main trees in Pinus densiflora forests for 2 years in the study
plots

Main Propor DBH{(cm, Mean+SD) Height (m, Mean+SD) RGRofD? - H

Plots

trees? -tions? (%) 91’ 93 91’ 93 (Mean+SD)
U Pd 83.1 7.02+2.99 7.94+£3.38" 4.27+0.84 4.81+0.83" 0.08£0.05
Pr 9.6 9.49+£2.30 11.11x2.74* 4.46x0.70 5.35+0.67* 0.11+0.05
Af 6.4 6.22+8.55 6.72+8.38" 5.09+2.87 6.25+3.01" 0.13+0.13
Rs 0.6 2.75+1.09 3.68+1.18* 3.89+0.98 4.49+1.03" 0.17+0.14
Qv 0.3 3.67+£1.09 4.83+£1.27" 4.07+091 4.67+1.20M 0.1540.12
E Pd 100.0 12.99+4.90 13.89+5.17* 6.92+1.45 7.82+1.55* 0.06+£0.02

Y All tree species over 3m in height. 2 These proportions are counted by growing stocks (D? - H) of main
tree over 3m in height. *: p<<0.001, **: »p<0.01, **: »<0.05, NS: not significantly different in t-test. U and
E mean Unexploited and Exploited plot, respectively. Pd: Pinus densiflora, Pr; Pinus rigida, Rs; Robinia

pseudoacacia, Af. Alnus firma, Qv Quercus variabilis.
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demand for sunlight.

Only well grown good-shaped pines remained in the exploited plot in 1993 and they
showed a smaller RGR than the unexploited plot in spite of open forest condition, This is
probably due to the aging of these old pines left for aesthetic beauty around new
graveyards and to soil water stress.

Changes of biomass
The allometric relationship between D? - H and the dry weight of each component of
pines was derived from data obtained from sample trees (Table 2). The coefficient of de-
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Fig. 3. The relationships between dry weight of tree components and D? - H of sample trees.
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termination (r?) of allometric regression for cones was lower than those of the other
components (Fig. 3), but this low r? shows a similar trend to the previous studies in Korea
(e.g Kim and Yoon 1972, Park and Kim 1989).

The bolewood occupied about 70% of the total biomass, and the total biomass to D? - H
showed a significantly higher coefficient of determination (r?=0.989, Table 2). These
results were also similar to the previous studies of Pinus densiflora forests in Korea (Lee
and Park 1986, 1991, Park and Kim 1989). Both bolebark and dead branches such as
necromass also showed statistically high coefficients of determination in bolebark, 0.962,
dead branches, 0.820.

Table 6 shows the changes of biomass for 2 years in each forest. The total aboveground
biomass of the unexploited forest was 90.29 t /ha 1991 and it increased to 122.90 t /ha in
1993. Biomass of the exploited forest was 181.75t /ha in 1991 and 206.19 t /ha in 1993. The
main increase in biomass of pine was in the bolewood. The mean annual biomass increase
of bolewood for 2 years was 10.68 t /ha /yr and 5.72 t /ha /yr in each site. These are 67
and 76% of the biomass increase of total aboveground in each site,

Table 6. Change of biomass of Pinus densiflora forests in Yanghwari during two years

U (2350 stems /ha) E (1730 stems /ha)
Trees
1991 1993 t/ha /yr 1991 1993 t /ha/yr

Pinus densiflora

Cone 0.32 0.43 0.05 0.88 1.21 0.17

Foliage 7.24 9.53 1.15 10.15 12.24 1.05

Live branch 13.19 19.65 3.29 31.57 40.41 4.42

Dead branch 2.26 3.14 0.44 6.59 7.52 0.47

Bolewood 61.04 82.41 10.68 129.82 141.26 5.72

Bolebark 0.98 1.34 0.18 2.74 3.55 0.41
Others* 5.26 6.40 0.57 - - -
Total aboveground 90.29 122.90 16.36 181.75 206.19 12.24

* Others are total biomass of Pinus rigida, Robinia pseudoacacia, Alnus frma and Quercus variabilis.

DISCUSSION

Heterogeneous structure and biomass of rural pine forest

Construction of graveyards in pine forests is one of forest-use in the rural landscape in
Korea (Kamada and Nakagoshi 1993, Hong et al. 1995). Traditional harvesting of plant
materials is then carried out around graveyards in private forests. Plant materials such as
twigs, branches and litters in forests had been collected and used for a fuel for traditional
heating system, “Ondol” and for farmyard manure (Kim et a/. 1981, Nakagoshi and Rim
1994).

Such periodical forest disturbance influences vegetation processes and tree growth and
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fosters a vertically and horizontally heterogeneous structure of rural pine forests. The
open forest created by this forest management, moreover, allows colonization of the
light-demanding plant species. Although the canopy is composed of pine, the lower tree
layer is mainly composed of light demanding plants such as oaks, and nitrogen-fixing
trees, eg. Alnus firma and Robinia pseudo-acacia even in the exploited forest. Few saplings
occurred under the pine canopy in the exploited forest. A short grass Zoysia japonica
covered the graveyard ground to prevent soil erosion on the grave mounds. Planting is
severely restricted in the graveyard.

According to Kim et al.(1981), forest products of 9.6 t /yr per farm house had been con-
sumed for energy and agriculture in the mountainous region in Korea. This value, how-
ever, did not include the cutting of plants for constructing graveyards, Biomass of 34.31
ton was removed from the exploited plot during this study by constructing graveyards and
following human activities. 1f we assume that there are two graveyards per 0.1ha as in the
exploited plot (Fig. 2), then approximately 1.71 ton of biomass is exploited for space of
one graveyard.

Compared to nearly old natural pine forests in Korea (Kim and Yoon 1972, Lee and Park
1986), our results show larger values of biomass, These data, however, are similar to that
of warm- and cool-temperate lowland pine forests in Japan (Tadaki 1991). In case of the
natural pine forest in high mountainous range (e.g Lee 1985), they have a stable state with
density, stand age and high productivity (Lee and Kim 1989). Their productivity will also
decrease, if their stable ecosystem is collapsed by environmental conditions such as water
and nutrient stress. In contrary, pine forests in rural landscape, however are mainly sec-
ondary forests originated from human activity. Anthropogenic disturbance on pine forest
(e.g excluding competition with Quercus spp.) has given a chance to maintain the ecologi-
cal characteristics of secondary pine forest from environmental change (Hong et al. 1995).
Therefore, pine forests with a high density (1,730 to 2,350 stem /ha) and young stand age
(18 to 29 year old) sustained by human activity might show a high biomass increase.
Although forest disturbance such as construction of graveyards and fuel collection may
continue, biomass increase of pine forest will be continued in Yanghwa-ri,

The biomass of undergrowth was poor in the exploited pine forest in Yanghwa-ri be-
cause of the intensive cyclic harvesting of biomass for fuels and farmyard manure and the
management of surrounding graveyard. However, analysis of light conditions and the rela-
tive growth rate of trees implies that light plays an important role in growth. If proper
management of upper-layer plants, moreover, is continued, an active recruitment of pine
will be sustained. Canopy gaps created after disturbance provide early succcessional plants
with different regeneration strategies with opportunities to colonize in the forest. Moder-
ate disturbance by human activity, therefore, is indispensable to sustain favorable habitat
for the local native plants of rural forests, especially of the early successional pine forest,

At the present, early successional plants in the secondary forest show a high growth
rate because of these intensive forest management., However, if those management activi-
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ties are decreased, succession of pine forest will be progressed rapidly. Consequently,
pine-dominated vegetation will gradually change to hardwood forest like Quercus in the
next stage (Lee 1989, Hong et al. 1995).

Forest land-use and resource management in agricultural landscape system

The dependence on plant resources has continued in rural Korea in spite of the rapid in-
crease of gas, electricity and nuclear power as alternative energy sources (Nakagoshi and
Rim 1994). According to statistics (The Forestry Administration 1991), the proportion of
firewood to total forest product is increasing from approximately 165,000 ton or 16.5% in
1976 to 271,000 ton or 20% in 1991, although annual production of forest product is drasti-
cally decreasing from about 5 million ton in 1976 to 1.4 million ton in 1990. It imply that
the forest-use like fuel production, thus, is still continued in Korea.

According to The Science and Technology Agency, Japan, the primary productivity
needed from the forests is 2 t /person /yr in Korea, which is similar to that of Japan (The
Science and Technology Agency 1992). The forest utilization rate as indicated by the per-
centage of total production from forest (firewood and timber, etc.) to primary pro-
ductivity of all forests is, however, 75% in Korea and 10%; in Japan. Kim et al. (1981) pro-
vided a more detailed breakdown related to rural energy in Korea. A farm family has con-
sumed 3,363 kg /yr of plant materials harvested from the rural forest including stem,
branch, leaf and undergrowth for cooking and heating. They have also consumed 3,526
kg /yr of the forest materials to feed livestock. Electricity, gas, and fossil energy are used
for cooking and heating in urban regions, but in rural regions, forest materials are still
partly used for compost and firewood. Therefore, the traditional reliance on forest
resources in ordinary life is comparatively high in Korea.

Since secondary pine forests cover 399.5 ha (51.6%) of Yanghwa-ri village (Hong et al.
1995), we could estimate the total aboveground biomass, 42,584 to 77,491 tons from the
present biomass data. Consequently, we can assume that forest biomass of 29.6 t /ha /yr
to 38.5 t /ha /yr per a farm house is available for local energy resource in Yanghwa-ri. If
forest products of 9.6 t /yr /farm are consumed for energy and agriculture in the rural vil-
lage (Kim ef al. 1981), our data show that farmers in Yanghwa-ri can easily get sufficient
forest resource to provide sustainable local energy. In the case of pine forests in
Yanghwa-ri, both of cyclic utilization of by-products and artifitial disturbance on veg-
etation stimulated regeneration of woody plants and sustained their productivity increases.
It also indicates that if proper management is sustained, the sustainable utilization of for-
est resource as local energy is possible.

The total area of graveyards in Kyeryong-myon was 198 ha (0.34% of a total area) in
1990 (Hong et al. 1995), and 2.6 ha in Yanghwa-ri. However this area is now expanding
year by vear (eg. 5.8% increase from 18.8 ha to 19.9 ha from 1989 to 1990). Nearly one
percent of total land cover of Korea is occupied by graveyards, but the use of forest
products during construction and cleaning of the graveyard is not sustainable. Some re-
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cent studies on forest productivity have focused on complete utilization of the forest re-
source as an alternative energy source (Kim ef a/. 1988, Lee 1985, Park and Kim 1989).
When the productivities of the pine species that mainly make up the secondary forest in
Korea are compared, the exotic Pinus rigida and a hybrid Pinus rigida x P. taeda show rela-
tively smaller biomass than Pinus densiflora. 1t suggests that Pinus densiflora plays an im-
portant economic role in forest resources better than other exotic pines. The secondary
pine forest in rural area, moreover, shows a high productivity. It means that rural pine
forest has a high economic potentiality in local forest resources in Korea in the future,

Recently, landscape ecology is emerging as multi- (or inter-) disciplinary notion to inte-
grate current ecological hierarchy. This concept is very appropriate for the forest land-use
and management strategies where integration of multidisciplinary idea is needed at a land-
scape-scale in order to create the total ecological and human systems like agricultural
landscape system (Zonneveld 1990). We think that these landscape ecological concept is
also needed for land-use and conservation of forest to create ecologically-functioning sec-
ondary forest.

The development of advanced forest management together with improvement of tra-
ditional management is a way in which the protection of biodiversity and ecological
functions of secondary forests sustainable forestry (Kirby 1988, Noss 1993). Finally, we
suggested that the traditional and human-directed managements which control the forest
succession is constantly required to maintain the heterogeneity in community and land-
scape structure that provides various habitats for local biota,
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