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ABSTRACT

Seral changes in environmental factors and recovery of soil fertility during abandoned field suc-
cession after shifting cultivation were investigated in eastern Kangwon-Do, Korea. Relative light
intensity of herb and shrub layer decreased gradually until 50 vears and increased slightly there-
after. Amount of litter and nutrients derived from it were depicted as a parabola form showing
the gradual increment during the first 50 years and slight decrease thereafter, Organic matter,
pH value, total-N and Mg of soil were plotted as an early depletion-mid pinnacle form showing the
extreme depletion during the first 10 years, abrupt increase in about 20 or 50 years and gradual
decrease thereafter. Ca, Al, Mn and Na of soil were depicted as a pinnacle form showing the peak
in about 20 or 50 years. Thickness and field capacity of soil increased gradually, but K and total-P
did not show any tendency as succession proceeded. The soil fertility, overall capacity of soil
nutrients and water for plant growth, was plotted as the early depletion-mid pinnacle form.
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INTRODUCTION

Shifting cultivation was well known as an anthropogenic disturbance leading to veg-
etation denudation, soil erosion and flood in Korea. Therefore, the projects for the re-
habilitation and greening in shifting cultivation areas were carried out by the Korean
government from 1960s to 1970s (Ho 1975, Lee et af. 1979). At present, the mosaic lands
composed of croplands, plantations and abandoned fields were observed in the eastern
Kangwon-Do, where shifting cultivation was extensively carried out once,
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Clements (1916) pointed out the importance of action and reaction during succession,
and Tilman (1985) proposed the resource-ratio hypothesis that dominant plant species
change along gradient of soil nitrogen versus light during succession. Odum (1969)
proposed a model stressing that as ecosystems developed their ability to retain nutrients
increased. Vitousek and Reiners (1975), however, argued against biomass increment hy-
pothesis, saying that the ability to hold nutrients was greater in immature watershed
ecosystems than in mature ones. It was found out that the former was true in P conser-
vation within ecosystems but the later was true in N conservation during succession
(Vitousek 1977, Grimm 1987). In old-field succession, nutrients such as P, Ca and K
declined by leaching during the first 10 years (Odum et al. 1984). Almost all the litter was
contributed by the overstory in hardwood forests and 3 /4 of nutrients in the litter was
composed with N, Ca and K (Goez et al. 1972). Aweto (1981) developed soil fertility index,
defined as overall capacity of soil to supply nutrients and water for plant growth during
abandoned field success-
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STUDY SITES

This study was carried
out in Chinbu-Myon, Py-
ongchang-Gun, Kangwon-
Do, Korea (37°30'~37°35’
N, 128°30'~128°35" E).
Mean annual temperature

Odae River
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and annual precipitation

o o were recorded as 6.3C and
Fig. 1. Changes of cropland area by shifting cultivation in the study

area during 1918~1993. Black area indicates cropland by
shifting cultivation. Taegwallyong Meteorolo-

1,894 mm, resretctively, at
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Table 1. Altitude, aspect, slope, area and surrounding vegetation of the study sites

Site(YR) Altitude(m) Aspect(®) Slope(°) Area{mxm) Surrounding Vegetation

0.5 430 - 0 30x80 cultivated field

1 630 - 0 20x 80 mixed scrub in valley

2 590 40 19 20X 60 cultivated field

3 650 180 6 150%70 Pinus plantation

4 590 190 33 8050 Pinus and Larix plantation

5 530 220 40 70X50 Pinus plantation

6 550 140 19 70%80 Pinus plantation
10 420 60 32 30%40 old-field, mixed scrub in valley
13 800 80 20 3050 Pinus forest, mixed scrub in valley
15 860 20 10 30x50 Quercus mongolica forests
20 890 170 25 20x40 mixed forest in valley
25 990 110 17 50x 40 Quercus mongolica forests
50 930 110 10 100100 Quercus forests, Pinus plantation
80 950 180 5 100100 Quercus mongolica forests

gical Station located at 25 km NE from the study sites. This area shows the climatic
characteristics of cold-temperate broad leaved deciduous forest region (Yim and Kim
1983).

Fig. 1 shows a change in cropland area from 1918 to 1993, decreasing after the cessation
of the shitting cultivation in the study area. Table 1 represents characteristics of topogra-
phy and surrounding vegetation of the 14 abandoned fields studied.

METHODS

Abandoned fields aged from 0.5 to 80 years after shifting cultivation were carefully
selected in consideration of altitude, aspect, slope, area and surrounding vegetation as de-
scribed by Lee (1995). Light intensity on surface of the ground of inside and outside of
vegetation was determined with a quantum sensor (Cat. No. 550) of quantum meter
(Ramsden 550),

Five soil samples were collected from 1~5 cm depths, after removal of litter and top 1
cm soil in each abandoned field. The soil samples were air-dried and then passed through a
2 mm mech sieve for determination of soil texture, field capacity, pH value and organic
matter, and through a 1 mm mesh sieves for determination of nutrient content. The thick-
ness of soil and litter layer, soil texture, field capacity, pH value, content of organic mat-
ter, total-N, total-P, extractable K, Ca, Mg, Al, Mn and Na of soil and litter were deter-
mined by the method described by Lee (1995).

Soil fertility index (SFI) was calculated by the following equation:

SFI = (Eld/HId + Efc/Hfc + Eom/Hom + Etn/Htn + Esc/Hsc) X 100



246 Korean J. Ecol. Vol. 18 No. 2

Where Hid, Hfc, Hom, Hin and Hsc represent the highest value of litter amount, field ca-
pacity, organic matter, total-N and cation content (sum of Ca, Mg, K and Al) of soil
among 14 abandoned fields, respectively, and Eld, Efc, Eom, Etn and Esc represent those in
each abandoned field, respectively.

RESULTS

Relative light intensity

Relative light intensity (RLI) was higher under shrub layer than under herb layer
through seral stages, and it decreased gradually from 0.5 to 50 years and increased slightly
thereafter (Fig. 2).

Litter

Thickness of litter layer and litter amount per unit area were plotted as a parabola form
showing the gradual increment during the first 50 years and slight decrease thereafter
(Fig. 3). Increasing rate of litter thickness was faster than that of litter amount for the
first 10 years, which may be due to sparse accumulation of the stem debris of Ersgeron and
Artemisia. Content of N, P and K in litter were the highest in annual stage (0~1 yr aban-
doned fields), and decreased gradually as succession proceeded except for N (Fig. 4).
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Fig. 2. Seral changes in relative light intensity of shrub and herb layers as succession proceeds in
abandoned fields. Regression analysis was conducted during the first 50 years.
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Fig. 3. Seral changes in thickness and dry matter ~ Fig. 4. Seral changes in concentration of total-N,
of litter during abandoned field suc- total-P and K in litter during abandoned
cession, Regression analysis was conduc- field succession.

ted during the first 50 years.

Amount of total-N, total-P, K, Ca, Mg, Al, Mn and Na in litter layer per unit area were
depicted as a parabola form (Fig. 5). These nutrients in the later stages increased as
much as 2 to 4 folds of those in the earlier stages (0.5~10 years).

Soil

pH value, organic matter, content of total-N and Mg in soil layer were depicted as an
early depletion-mid pinnacle form showing the extreme depletion between 5 and 10 years,
abrupt increase in about 20 or 50 years and gradual decrase thereafter (Figs. 6 and 7).
Content of Ca, Al, Mn and Na were depicted as a pinnacle form showing abrupt increase
in about 20 or 50 years and gradual decease thereafter (Fig. 6). K and total-P in soil fluc-
tuate in the earlier stages and then became stable in the later stages (Fig. 6). Soil thick-
ness and field capacity increased linearly as succession proceeded but the later showed
early depletion during the first 10 years (Fig. 7). Sand content was depicted as a parabola
form, and silt content was depicted as the reversal form of sand content (Fig. 7). Soil tex-
ture was sandy loam until the first 13 years, and loamy sand thereafter (Fig. 7).
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Fig. 5. Seral changes in the amounts of total-N, total-P, K, Ca, Mg, Al, Mn and Na content in litter
per unit area during abandoned field succession. Regression analysis was conducted during the
first 50 years,

Soil fertility
The soil fertility index (SFI) was depicted as an early depletion-mid pinnacle form

showing the extreme depletion during the first 10 years, abrubt increase in about 50 years
and gradual decrease in 80 years (Fig. 8).

DISCUSSION

In the foregoing data, decreasing relative light intensity (RLI) through the seral stages
1s one of the most important factors causing succession (Tilman 1985, Hester et al. 1991).
Slight increase of the RLI from 50 to 80 years may be due to self-thinning of canopy of
Quercus mongolica, which is the dominant species in 80 year-old abandoned field (Lee 1995).
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Fig. 6. Seral changes in total-N, total-P, K, Ca, Mg, Al, Mn and Na in soil during abandoned field suc-
cession, Regression analysis of total-N was conducted during the first 50 years, and those of Ca,
Mg, Al, Mn and Na during the first 20 years. Small dotted arrows of total-N and Mg represent
the decline in the earlier stages.

Vitousek and Reiners (1975) and Borman and Likens (1979) insisted that the nutrient
incorporation capacity by vegetation was greater in the earlier stages than in the later
ones. The same was true in the abandoned field succession in this study because dry mat-
ter of litter acccumulated with a parabola form during succession and the most important
nutrients such as total-N, total-P, K, Ca, Mg, Al, Mn and Na derived from litter also
represented a parabola form (Fig. 3 and Fig. 5). Decrease in litter thickness, litter amount
and amount of nutrients in litter layer per unit area in 80 years may be due to the fact
that litter decomposition of Q. mongolica growing 80 year-old abandoned field was slower
than that of Pinus densifiora growing in 50 year-old abandoned field (Lee 1995).



250 Korean J. Ecol. Vol, 18 No. 2

6.2

eol

58| ! -
x5 8
w64 '
? 52 + ; 0

50 | v T = 10.692 + 0278 YR

) pH = 4,782 + 0,054 YR 10}e r=0734"

48 r = 0.881

46 ok

35 75

%0 | 70t

L

£ | . g
g 25 E % 6o}
Sl ! e * 55
27 &5
é. 5r ® OM=8138 + 0.447 YR 45 FC = 40.334 + 0.408 YR
¢] r=03898 iL sor@ r=0885 "

104 25 _'l* .

sk 30

80 80

| ¢

g J" _ 75} +
é L b § ‘ +
2l
8 5049 | § Sand = 63.610 + 3.377 LN (YR)
§ } T + 65 r= 03824
S sl 'g
H a
5 ¢ 60

N
Q
o
L]

[ R e ' Y
N A~ O
U T

Silt Content (%)
o

o

—o-
Clay Content (%)

[
T

1 0 20 40 60 80 0 20 40 60 80

Years since abandonment Years since abandonment

Fig. 7. Seral changes in pH, thickness, organic matter, field capacity, gravel, sand, silt and clay con-
tents in soil during abandoned field succession. Regression analysis of soil pH was conducted
during the first 20 years, and those of organic matter, sand content and silt content during the
first 50 years, Small dotted arrows of soil pH, organic matter and fied capacity represent the
decline in the earlier stages.

Although litter accumulated rapidly in the earlier stages, organic matter, field capacity,
soil fertility index, total-N and Mg in soil declined temporarily (Fig. 6 and Fig. 7). It can
be explained with the rapid development of herbaceous communities showing the vigorous
nutrient uptake by weeds from top soil and much leaching from soil caused by insufficient
retention of nutrients in the soil layers (Odum 1960, Aweto 1981, Odum ef al. 1984). If nu-
trient uptake by vegetation was less than nutrient supplied by both mineralization of or-
ganic matter and atmospheric input, disturbance such as shifting cultivation could allow
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Fig. 8. Recovery of soil fertility index during abandoned field succession. Small dotted arrow in the
earlier stages represents the decline,

the rapid nutrient loss from organic matter and soil as shown in the early depletion-mid
pinnacle form (Likens et al. 1970). Capacity of nutrient retention in soil is closely related
to the amount of organic matter (Vitousek and Reiners 1975). Soil organic matter with the
early depletion-mid pinnacle form affected on total-N of soil and field capacity, and fur-
thermore, on overall capacity of soil nutrients and water for plant growth (Figs. 7 and 8).
Despite temporary depletion in the earlier stages, soil organic matter was very important
to plant growth in the middle stages. Johnson and Swank (1973) found out that leaching
of Ca and Mg was less in 14-year-old pine watershed than in 50 to 60 year-old hardwood
watershed, and they explained such difference to higher productivity of younger pine.
Vitousek and Reiners (1975) proposed the biomass increment hypothesis that after the
disturbance nutrient retention capacity became the highest when community production
was maximal. The nutrient amount of soil was smaller in the later stages when biomass
was maximal than in the middle stages.
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