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The Effect on the Plant Community Decline by the Air Pollutant
& Acid Rain in the Metropolitan Area

Ryu, Chang-Hee - Lee, Kyong-Jae
Dept. of Landscape Architecture, Seoul City University

ABSTRACT

To inspect the changing of the forest soil and plants community structrure by air pollutant &
acid rain during from September to November in 1990, the sampling sites were selected in the
Piwon, Namsan and Kwangnung forest, In sites, plots were set up in Q. aliena forest at Piwon,
Quercus mongolica and Pinus densiflora forest at Namsan and Q. mongolica and Pinus densiflora forest at
Kwangnung.

To obtain the individual number of trees, number of species, importance values and species diver-
sity, using the Curtis & MclIntosh methods. The results are following that;

1) In Pinus densiflora community, it was almost dominated by Q. spp. in the canopy layer and P.
densiflora and Carpinus laxiflora through the subtree to shrub layer at Kwangnung. It was sajd
that C. laxiflora is the climax species in middle temperature zone, On the contrary, in Namsan
forest, there is no appearance the samplings of P. densiflora & C. laxiflora, but Styrax japonica
and Stephanandra incise that are acid-tolerance species are dominant ones, On the other hand, in
Q. spp. community, Q. spp. and C. laxiflora are dominant species through all layer, and in ad-
dition C. cordate somewhat appear at Kwangnung. But at Namsan and Piwon forest, @.
mongolica & Q. aliena that were dominant species in canopy layer disappeared in the subtree
and shrub layer, and C. laxiflora and Corunus cordata absolutely disappeared. It were similarly
dominated by Robinia pseudo-acacia, Styrax japonica, Sorbus alnifolia, Acer pseudo-sieboldianum,
Rhododendrn mucronulatum and so on at Namsan and Piwon forest. In the light of these facts, it
found out that disclimax was similar between Namsan and Piwon forest.

2) Species diversity and maximum species diversity were decreased in Kwangnung, Namsan,
Piwon in order. It was expected that vegetational community was affected by environmental
pollutant.

3) As the vegetational community structure analyses, using DCA technique among the ordination,
ecological successional series are stopped to Q. spp. from P. densiflora at Namsan and Piwon,
but that of Kwangnung is on the way that P. densiflora, Q. alena, C. laxiflora. It was obvi ously
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different frorﬁ Namsan and Piwon,

4) In Q. spp. & P. densiflora community, the number of woody plants in Namsan & Piwon 1s much
less than that of Kwangnung through all layer. Especially, Piwon shown very severe differ-
ence. Through all community, the number of individuals of Piwon and Namsan are less than
that of Kwangnung. Specially, that of the shrub layer is obvious.

5) In the growth rate of trees, it found out that all sites showed the growth decline phenomena.
Especially, since in 1975, there have been the micro disclimax phenomena in Q. community of

Kwangnung,

6) In the @. community, soil acidity of Namsan & Piwon measured 4. 57, 4. 40 respectively, It
was very strong acidity and far lower than that of Kwangnung. Also the content amenunt of
Mgt in Namsan & Piwon forest were still lower than Kwangnung.
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Figure 1. Location map of study area, Piwon, Namsan
and Kwangnung. :
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Table 1. General description of Piwon, Namsan and Kwangnung.

Site Altitude Aspect  Slope Canopy Under Story Shrub.
Community (o) HDBH*CR. HDBH*C.R. HDBH*C.R

Piwon Quercus 55 SwW 10 12 25 70 4 4 50 2 2 35
Community

Namsan  Pinus 225 S 10 7 12 70 3 35 30 12 15 95
densiflora Community
Quercus 250 N 10 12 7 5 4 40 2 2 50
Community

Kwang-  Pinus 260 SW 15 14 30 40 0 0 0 2 2 40

nung densiflora Community ’
Quercus 300 SE 10 13 15 8 -6 4 70 2 2 60
Community -

*C.R. ; Covering ratio, H ; Height, DBH>; Diameter of Breast Height.
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Figure 2. Importance values of Pinus densiflora com-
munity in Namsan, Kwangnung(1990.11).

Pd : Pinus densiflora, Pss : Prunus sargentii,
Ae : Araliaelata, Qm : Q. mongolia, Sj : Styrax
japonica, Aa: Ailanthusaltissima, Si : Stephana-
ndra incisa, Lc:Lespedeza  cyrtobotrya,
Rt:Rhus trichocarpa, Rc:Rubus crataegifolius,
Sc:Symplocos chinensis. Rj:Rhus chinensis,
Qac:Q acutissima, Qs:Q serrata, Rm:Rhodo-
dendron mucronulatum, Ve:Viburnum erosum,
Cl:Carpinus laxiflora
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Figure 3. Improtance values of Quercus community in
Piwon. Namsan, and Kwangnung(1990. 11).
Qa:Quer aliena, Qs: Q. serrata, Qv:Q.
Variabilis, Qm : Q. mongolica, Sj : Styrax ja-
ponica, Rm : Rhododendron mucronulatum,
Sa:Sorbus alnifolia, Ap:Acer pseudo-
sieboldianum, Ps:Prunus serrulata var.
spontanea, Pss:Prunus sargentii, Rp:
Robinia  pseudoacasia, Si: Stephanandra
incisa, Vd : Viburnum dilatatum, Ss : Smilax
sieboidii, Cl : Carpinus laxiflora
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Figure 4. Changes of the species diversity by the plot
area for each site(1990. 11).
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Figure 5 Changes of the maximum of species diver-
sity by the plot area for each site(1990. 11).
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Figure 6. Species ordination on the first two exes, using DCA for each site(1990. 11).
1. quercus aliena, 2. Q. serrata, 3. Q. variabilis, 4. Q. mongolica 5. Callicarpa Japonica, 9. Pinus
densiflora, 10. Prunus serrulata var, spontaneaa, 11. Acer pseudo sieboldianum, 12. Rhus chinensis,
16. Crataegus pinnatifida, 17. Rhus trichocarpa, 18. Pyrus ussuriensis, 19. Cornus kousa
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Figure 7. Changes of importance values between 1986
and 1990 of quercus community in Piwon,
Qa: Quercus aliena, Qm: Q. mongolica,
Qs: Q. serrata, Pss: Prunus sargentii, Pd:
Pinus densiflora, Qv: @Q variabilis, Si:
Stephanandra incisa, Sj: Styrax japonica
Ap: Acer pseudo-sieboldianum, Rm: Rho-
dodendron mucronulatum, Fm: Fraxinus
mandshurica, Sc: Symplocos chinensis for
pilosa, Sa: Sorbus alnifolia, Kp: Kalopanax
pictus, Jm: Juglans mandshurica.
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Figure 8. Changes of importance values between 1986
and 1990 of Q. mongolica community in
Namsan,

Qm: Q. mongolica, Rp: Roinia pseudoaca-
sia, Qac: Q. acutissima, Sa: Sorbus alnifo-
lia, Ah: Alnus hirsuta, Pss: Prunus sargen-
tii, Ap: Acer pseudosieboldianum, Rm: Rh-
ododendron muronulatum, Si: Stephanandra
incisa, Rc: Rubus crataegifolius, Co: Celas-
trus orbiculatus, Rv: Rhus verniciflua, Ma:
Maackia amurensis, Sj: Styrax japonica,
Ve: Viburnum erosum, Ss: Smilax sieboldit
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Figure 9. Changes of importance values between 1986
and 1990 of pinus densiflora community in
Namsan,

Aa: Ailanthus altissima, Ae: Aralia elata,
Ct: Cocculus trilobus, Lc: Lespedeza
cyrtobotrya, Ma: Maackia amurensis, Md:
Menispermum  dauricum, Pd: Pinus
densiflora, Pp: Prunus padus, Pr: Pinus
rigida, Ps: Prunus serrulata var, spontanea,
Qm: Q. mongolica, Rc: Rhus chinensis, Rc:
Rubus crataegifolius, Rm: Rhododendron
mucronulatum, Rp: Robinia pseudoacasia,
Rv: Rhus vemiciflua, Sc: Symplocos
chinensis for pilosa, Si: Stephanandra
incisa, Sj:  Styrax  japonica, Zs:
Zanthoxylum schinifolium
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3 TEM X EERM b
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$=(Table 2) FEF ZQ3} Gabo] B2 |3
o yyjAoz AL AASFE HPon 53 BK
TR, BABLZ ZFE MASFY Aol7t AR,

Table 2. The number of all woody plants of the canopy, understory and shrub layer for each community

(per 1,200m').
Area Community Canopy Understory Shrub Total
Piwon Quercus community 42 217 349 608
Namsan Pinus densiflora 150 25 720 895
community
Quercus community 50 166 683 899
Kwangnung P. densiflora 49 14 1,783 1,849
Quercus community 91 419 900 1,410

Y AL B

[

PERINE o
A5+ 2kt
2} AR 9] F40] 31014 (Table 3) AUHE,
FUEER RN B2, B4, 37 FHo2
248 1 47} Zolgen 23 A2 Z0IA 4

T FHAA o sk, 2
| B35 wsta HF 2E N

. FuT 4, a9 247, i
ol X9 EdFF MAF a7t BTl Hst

2 AL AeA 9] REHRIKETT HEmRES] =
BHKE 7HEA7IL e Aer AZ4EY 53
EARA ol BE g g 2AF A Tt
A Gt dE A2 2o,

Table 3. Species number of canopy, understory, and shrub layer for each community

(per 1,200m2).
Area Community Canopy Understory Shrub Total
Piwon Quercus community 6 8 15
Namsan Pinus densiflora 4 4 32 RYS
community
Quercus community 6 1 23 25
Kwangnung P. densiflora 1 2 39 39
Quercus community 4 15 29 29
Table 4. Basal area and coverage of the canopy, understory and shrub layer for each community
(m2 /100m2).
Area Community Canopy Understory Shrub
Piwon Quercus community 0.22 0.12 15.68
Namsan Pinus densiflora 0.18 0.02 63.83
community
Quercus community 0.13 0.02 32.34
Kangnung P. densiflora 0.33 0.00 51.99
Quercus community 0.24 0.04 56.43
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Table 5. Changes of species number and the number of all woody plants at Piwon site from 1986 to 1990.

Community Year Species number Plant number Area

At A2 A3 Total A A2 As Total
Quercus community 1986 6 9 22 27 30 74 281 385 500m2
1990 3 7 10 13 16 91 120 227 500m2

A1 : canopy A2 :understory As:shrub

Table 6. Changes of species number and the number of all woody plants at Namsan site from 1986 to 1990.

Community Year Species number Plant number Area
P. densiflora 1986 26 1,179 500m2
~ community 1950 18 294 -
Quercus community 1986 27 1,375 -
1990 19 333 -
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Figure 10. Growth ratio of Quercus Community and
Carpinus laxiflora in Piwon, Namsan and
Kwangnung(1990. 11)
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Figure 11. Growth ratio of pinus densiflora in

Namsan and Kwangnung(1990. 11).
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Table 7. Injured index of damage degree of Pinus densiflora at Namsan and Kwangnung site.
Site X1 X2 X3 X4 Xs Xs X7 Xs X9 X0 RATE
Namsan 3.69 231 777 100 178 219 0.00 081 131 20.86 50.8
Kwangnung 0.41 1.20 5.84 0.00 0.50 0.80 0.10 0.90 0.30  10.05 24.5

X1 : Needle fading, Xz :Degree of depauperation, X3: Needle defoliation ratio, X4 : Branch drooping condition,
Xs5:Shoot growth condition, Xe: Twig condition, X7: Terminal bud condition, Xs: Crown decline condition,

Xo: Tree strength, Xio: Total injured index(X1+X2
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Table 8. Mean value of soil chemical properties for each site and community.,

. pH K+ Catt Mg+t P20s
Area Community (1:5) m.e /100g ppm
Piwon Quercus community 4,40 0.110 0.417 0.160 9.80
Namsan Pinus densiflora 4,57 0.143 0.588 0.14 7.95
community
Quercus community 4.57 0.154 0.571 0.176 10.90
Kwangnung P. densiflora 4.86 0.152 0.872 0.259 8.13
Quercus community 5.08 0.155 0.330 0.264 9.98
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Table 9. Soil chemical properties by layer at Namsan and kwangnung site(1990. 11).

pH O.M. Ava, Exch. Cation(me /100g)

Site Species Soil P:0s
Selection (1:5) (%) (ppm) K+ Cat* Mgt+
Namsan Pinus O  horizon 4.19 12.97 13.00 0.515 3.007 0.748
densiflora A 4 4.30 4,71 8.40 0.301 0.924 0.450
community B ” 4.54 3.04 7.00 0.248 0.810 0.413
Quercus 0 ” 4,57 12.35 19.25 0.657 2.841 0.677
community A ” 4.41 4.35 7.90 0.445 0.767 0.417
B - 4.70 3.12 6.50 0.350 0.634 0.304
Kwang- Pinus 0 ” 4.75 21.50 20.73 0.677 6.349 1.476
nung densiflora A 4 4.81 2.50 4,60 0.265 1.306 0.488
community B ” 4,84 2.30 3.50 0.304 0.857 0.494
Quercus 0 . 4.88 10.48 14.50 0.569 2.467 1.079
community A ” 4.85 3.07 6.00 0.425 0.717 0.561
B ” 4.96 2.62 5.40 0.335 0.550 0.444
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Table 10. Changes of soil chemical properties' at Piwon site from 1986 to 1990.

. pH K+ Ca*t Mgt
Community Year (1:5) m.e /100g
Quercus community 1986 4.60 0.11 0.94 0.41
1990 4.60 0.11 0.41 0.16

Table 11. Changes of soil chemical properties at Namsan site from 1986 to 1990.

. pH K+ Catt Mg+t P20s
Community Year m.e /100g ppm
P. densiflora 1986 4.50 0.18 0.72 0.18 10.12
community 1990 4,57 0.14 0.58 0.19 7.95
Quercus community 1986 4.44 0.12 0.86 0.16 12.54
1990 4.57 0.15 0.57 0.17 10.90
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