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The Effect on the Forest Plant Community by
the Air Pollution around Daesan and Kunsan
Industrial Complex Areas!
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ABSTRACT

To investigate the damage on the forest plant community by the air pollution around Daesan, Kunsan
industrial complex, five sites(Daesan) and three sites(Kunsan) were set up and surveyed(Area :
500m?/site). In the analysis of community structure, the dominant species in the canopy and understo-
ry layer were Pinus densiflora, P. thunbergiana, ones in the shrub layer appeared Rhododendron mucronu-
latum and Quercus spp. in the Daesan industrial complex. Species diversity of the plant community in
Daesan industrial complex showed very severe difference between plots. Soil acidity measured 4.67~5.12.
It was not found that plant community in Daesan industrial complex appeared sericus damage by the air
pollutant.

In the analysis of community structure the dominant species in the canopy and understory layer were
P. densiflora, P. thunbergiana in Kunsan industrial complex. Species diversity of the plant community in
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Kunsan industrial complex was prove to low as nearer from the pollutant. Soil acidity measured 4.32~
4.76 and it was very strong acidity. It was found that plant community as nearer from the pollutant
appeared visible damage entirely by the air pollutant in Kunsan industrial complex.

KEY WORDS : Pinus densiflora, Pinus thunbergiana, DAESAN INDUSTRIAL COMPLEX,
KUNSAN INDUSTRIAL COMPLEX, AIR POLLUTION
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Figure 1. Location of survey sites in Daesan Industrial Complex
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Figure 2. Location of survey sites in Kunsan Industirial Complex
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Table 1. General description of permanant survey site in Daesan Industrial Complex

Site Number 1 2 3 4 5
Number of plots 5 5 5 5 5
Altitude(m) 39 40 58 59 58
Aspect N35wW S20W N50W S45W S80W
Slope(") 3 3 3 2 2
Height of tree layer(m) 10~14 12~16 8~12 8~15 10~15
Mean DBH of tree layer(cm) 15~35 15~35 10~30 10~40 10~35
Cover of tree layer(%) 80 80 70 70 75
Height of subtree layer(m) 6~8 6~8 6~8 6~8 6~8
Mean DBH of subtree layer(cm) 5~10 5~10 4~8 4~8 4~8
Cover of subtree layer(%) 30 30 50 40 30
Height of shrub layer(m) 1 1 1~2 1~2 1~2
Cover of shrub layer(%) 40 60 30 50 30
Number of woody species(per 100n¢) 6~11 4~8 5~9 5~8 5~11
Age of dominant species(year) 26~55 27~63 25~33 14~36 25~40
Mean soil pH 4.88 5.00 512 4.86 4.67
Mean soil moisture(%) 6.09 5.97 3.90 4.95 4.26
Mean soil organic matter(%) 2.64 2.50 2.45 2.96 2.71
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Table 2. General description of permant survey site in Kunsan Industrial Complex

Site Number 1 2 3
Number of plot 5 5 5
Altitude(m) 53 63 86 .
Aspect N5OW S75W S15W
Slope(®) i~2 1~2 5
Height of tree layer(m) 13~17 8~11 8~11
Mean DBH of tree layer(cm) 20~40 5~15 10~20
Cover of tree layer(%) 60 90 80
Height of subtree layer(m) 5~10 4~6 4~6
Mean DBH of subtree layer(cm) 10~15 3~6 3~6
Cover of subtree layer(%) 40 40 40
Height of shrub layer(m) 1~2 1~2 1~2
Cover of shrub layer(%) 20 60 50
Number of woody species(per 100m?) 7~11 11~16 10~20
Soil pH 4.54 4.43 4.54
Soil moisture(%) 6.82 4.80 434
Soil organic matter(%) 3.20 2.90 2.56
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Table 3. Importance values of all woody plant species by the stratum of survey site in Daesan Industrial Com-

plex
Site Number 1 2
Stratum C U S M C U S M
Pinus densiflora 100.00 75.95 75.32 100.00 100.00 3.61 83.94
Platycarpa strobilacea 086 1.70 0.57 . . . -
Quercus acutissima : 0.38 0.06 040 0.07
Q. dentata 16.58 22.61 9.30 25.30 4.22
Q. aliena 1.31 - 0.44 . .
Q. mongolica 3.56  0.50 1.27 1.41 0.24
Q. serrata 0.88 7.43 1.53 0.36 0.06
Cocculus trilobus : 0.10 0.02 1.19 0.20
Sorbus alnifolia 086 0.14 0.31 . .
Prunus sargentii . 226 0.38 0.26 0.04
Lespedeza cyrtobotrya 194 032 0.76 0.13
Robinia pseudoacacia 08 0.14 . .
Rhus trichocarpa . . 096 0.16
Rhododendron mucronulatum 59.39 9.90 63.39 10.57
Rh. yedoense var. 0.39 0.07 . .
poukhanense
Rh. schlippenbachii 1.31 0.22 . .
Diospyrus lotus . : 0.51 0.09
Symplocos chinensis for 0.29 0.05 : :
pilosa
Forsythia koreana - . 0.44 0.07
Smilax china 0.28 0.05 1.17  0.20
S. sieboldii 042 0.07 : .

* C : Canopy Importance Value, U : Understory Importance Value,
S : Shrub Importance Value, M : Mean Importance Value
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Site Number 3 4

Stratum C U S M C 8] S M
Pinus thunbergiana 86.85 84.81 11.32 73.58 39.25 1852 0.24 2584
P. densiflora 12.16  8.87 . 8.04 57.97 33.67 40.21
Juniperus rigida . . 1.00 0.17 . . -
Platycarpa strobilacea . . 1.65 0.28 . . .
Quercus dentata 099 386 2193 544 40.99 29.42 18.57
Q. mongolica . 0.98 . 0.33 . . 13.24 2.21
Q. serrata 0.67 758 149 279 173 1506 4.48
Sorbus alnifolia 083 034 0.33 . . . .
Lespedeza cyrtobotrya . 0.14 0.02 . 3.78 0.63
Pueraria thunbergiana . . 3.21 479 1.87
Robinia pseudoacacia . . 189 516 1.49
Amorpha fruticosa 0.32 0.05 : 239 0.40
Rhus japonica . . 1.32  0.22
Rh. mucronulatum 54.81 9.14 2147 3.58
Smilax china 091 0.15 0.26 0.04
S. sieboldii . . 2.87 0.48
(Table 3. Continued)

Site Number 5

Stratum C U S M

Pinus rigida 0.97 1.74 1.07

P. thunbergiana 18.61 27.28 18.40

P. densiflora 80.43 56.62 0.67 59.20

Alnus hirsuta 464 050 1.63

Quercus acutissima 1.75 1.07 0.76

Q. variabilis 797 035 272

Q. dentata 28.88 4.81

Prunus sargentii 1.20 0.04

Lespedeza cyrtobotrya 5.47 0.91

Pueraria thunbergiana 063 0.11

Robinia pseudoacacia 0.11 0.02

Elaeagnus umbellata 0.11 0.02

Rh. mucronulatum 61.19 10.20

Smilax china 0.83 0.14
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Table 4. Similarity index between survey site in
Daesan Industrial Complex area

Site Number 1 2 3 4
2 50.04
3 26.10 22.87
4 56.46 48.48 45.83
5 74.38 7398 41.55 67.80

Table 5. Similarity index between survey site
including shrub layer in Daesan Indus-
trial Complex

Site Number 1 2 3 4
2 84.64
3 86.38 78.15
4 5549 4956 51.94
5 84.80 8924 77.71 55.13

Table 6. Various diversity indices of survey site in Daesan Industrial Complex

Site No. H’ Simpson’s D. P.LE. J’ D H ' max
1 0.5035 2.0229 0.5056 0.4011 0.5689 1.2553
2 0.5170 2.2525 0.5561 0.4510 0.5190 1.1461
3 0.4859 2.1760 0.5404 0.4503 0.5497 1.0792
4 0.9202 5.9956 0.8332 0.8260 0.1740 1.1139
5 0.5155 2.2316 0.5520 0.4383 0.5617 1.1761

* P.1.E.=the Probability of Interspecific Encounter
* Shannon's diversity Index uses logarithms to base 10

Table 7. Individual number and basal area and coverage of survey site in Daesan Industrial Complex

Site Number of Individuals Basal Area(m2?/500m?) Coverage(m?/500m?)
No. Canopy Understory Shrub  Total Canopy Understory Shrub

1 75 65 2,712 2,852 1.4624 0.1700 531.88

2 63 88 2,052 2,203 1.3542 0.1635 138.77

3 77 125 2,088 2,290 0.8004 0.1880 201.13

4 49 33 892 974 1.2821 0.1771 253.58

5 90 39 2,472 2,601 1.8252  0.1000 268.91
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Table 8. Number of individuals of dominance species of survey site in Daesan Industrial Complex

1 3 4 5
C U C U | C U C U C U
Pinus thunbergiana 0 0 0 0 67 108 16 6 15 9
P. densiflora 75 51 63 88 9 10 31 9 74 23
Sub-Total 75 51 63 88 76 118 47 15 89 32
Total 126 194 62 121

* C:Canopy, U: Undersfory

Table 9. DBH class distribution of dominante species of survey site Daesan Industrial Complex.

Seedling DBH class{cm)
Site Species and D=2 2(D 7D 12D 1D 22D 2D 32D
sapling <7 €12 =17 =22 =271 <32 <37
1  Pinus densiflora 0 5 37 36 28 15 3 1 1
2  P. densiflora 96 33 46 26 27 11 6 1 1
3  P. thunbergiana 148 33 70 53 15 3 1 0 0
P. densiflora 0 1 8 6 4 0 0 0 0
4  P. thunbergiana 4 2 1 2 7 4 3 1 2
P. densiflora 0 0 0 15 16 6 2 1 0
5 P. thunbergiana 0 0 5 6 8 3 1 1 0
P. deniflora 24 4 14 29 27 20 2 1 0
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Table 10. Importance values of all woody plant species by the stratum of survey site in Kunsan Indus-
trial Complex

Site Number 1 2 3

Stratum C 8) S M C 8] S M C U S M
Pinus thunbergiana 96.24 68.53 - 7096 52.58 29.79 0.17 36.25 584 - - 292
P. densiflora 376 334 - 299 46.33 4482 - 3811 89.39 7292 - 69.00
Juniperus rigida . . . . . 055 - 0.18 . . 0.89 0.15
Platycarya strobilacea : : : : : : : : 0.39 0.07
Castanea crenata . . : : : 6.27 5.50 3.01 : 471 - 157
Quercus acutissima . . . . . 1.32 372 1.06 1.37 471 7.25 346
Q. variabilis . . . . 1.09 145 098 1.19 340 - - 170
Q. aliena . . . . . . 1.83 0.31 . . 0.38 0.06
Q. serrata . . . . . 0.79 6.87 141 . 2.51 16.28 3.55
Celtis sinensis : 9.88 7.95 4.62 . . 0.89 0.15 : . . .
Morus bombysis . 195 034 0.71 . . : : : . . .
Cocculus trilobus . - 47.23 17.87 - . 034 0.06 . . 0.97 0.16
Spiraea prunifolia for. . . 0.60 0.10 . . . . : . . :
simpliciflora

Sorbus alnifolia . . . . . 2.87 386 1.60

Rubus crataegifolius - . . . - : 0.52 0.09 . .
R. parvifolius . - 10.11 1.69 . . 1.78 0.30
Rosa multiflora . . . . . : : . . . 0.30 0.05
Prunus sargentii : . . - . . 0.85 0.14 - 235 1.88 1.10
Albizzia julibrissin . . - - . : . . . . 0.38 0.06
Lespedeza maximowiczii : . : : : : : : : : 0.36 0.06
L. cyrtobotrya : . - . : : 3.35 0.56 . . 6.97 1.16
Pueraria thunbergiana . . 0.59 0.10 : : : : . . : .
Macckia amurensis . . . . . . 032 0.05 - . . -
Indigofera kirilowi . - - . . - 504 0.84 . . 0.63 0.11
Robinia pseudoacacia . . 026 0.04 . 3.61 1529 3.75 . . 0.20 0.03
Zanthoxylum schinifolium : . . . : : . : . . 0.12 0.02
Picrasma quassioides . 515 1.08 1.9 : : : : . . : :
Celastrus orbiculatus : 342 11.15 3.00 . : : : : : 0.45 0.08
Ampelopsis brevipedunculata - - 1801 3.00 : . . . i . t .
var. heterophylla

Parthenocissus tricuspidata - . . . : : 0.17 0.03 : : . <
Rhododendron mucronulatum - . . : . . 2496 4.16 . - 15.19 2.53
Rhododendron yedoense . . . . . . 525 0.88 - - 11.73 196
var. poukhanense

Symplocos chinensis . 3.29 131 132 : . 249 042 : 941 15.18 5.66
var. pubescens

Styrax japonica . . . . . 368 1733 245 . 341 141 1.37
Fraxinus rhynchophylla . 445 029 153 . : : : : : : .
Smilax sieboldii . . . . : : . : : - 17.26 2.88
Smilax china . . . . . . 6.96 1.16 . . . .

C : Canopy Importance Value, U : Understory Importance Value,
S : Shrub Importance Value, M : Mean Importance Value
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Figure 3. Mean growth ratio of tree ring of domi-
nante species during five years since
1980 in Daesan Idustrial Complex
(Pd: Pinus densiflora, Pt: Pinus thun-
bergiana)
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Table 11. Similarity index between survey site in
Kunsan Industrial Complex

Site Number 1 2
2 40.99
3 7.98 55.78

Table 12. Similarity index between survey site
including understory and shrub layer in
Kunsan Industrial Complex

Site Number 1 2
2 25.64
3 6.35 57.00

Table 13. Dissimilarity index between survey site
of shrub layer in Kunsan Industrial

Complex
Site Number 1 2
2 96.13
3 94.78 49.70
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Table 14. Values of various diversity indices of survey site(per 500a*) in Kunsan Industrial Complex

Site No. H’ Simpson’s.D. P.LE. J’ D H'max
1 0.8115 4.3104 0.7680 0.6595 0.3405 1.2304
2 1.0983 7.6871 0.8699 0.7957 0.2043 1.3802
3 _ 1.0919 9.9963 0.9000 0.7717 0.2283 1.4150

* P.1.E=the Probability of Interspecific Encounter

* Shannon’s diversity index uses logarithms to base 10

Table 15. Number of individuals. no, of species, basal area and coverage of survey site in Kusan Indus-

trial Complex

Basal Area Coverage Number of
Site Number of Individuals {n?/500n¢) (nf/5000?)  Species
No. v (per
Canopy Understory Shrub Canopy Understory  Shrub 500nr)
1 62 38 896 1.8864 0.1245 130.82 17
2 141 95 2,188 1.3615 0.1790 430.11 25
3 117 25 1.780 1.0798 0.0446 345.60 26
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Table 16. DBH class distribution of dominant species of survey site(per 500m?) in Kusan Industrial Com-

plex
Seedling DBH class(cm)

Site and
No. Species Name Sapling Ds2 2(D=7 7(D=12 12(D=17 17<Ds22 2(D<27 21(D<32 32(D
1 Pinus thunbergiana . 1 10 11 23 13 16 3 1

P. densiflora . . 1 4
2 P. densiflora . . 49 50 11 .

P. thunbergiana 4 1 28 42 19 4
3 P. densiflora . . 41 53 23 3

P. thrnbergiana . . . 5 . 1

Table 17. Individual number of dominant species of canopy and understory layer of survey site in Kun-
san Industrial Complex

Site No. 1 2 3
Canopy Understory  Canopy Understory Canopy Understory
Pinus thunbergiana 58 20 68 26 6 0
P. densiflora 4 1 72 38 107 14
Sub-Total 62 21 140 64 113 14
Total 83 204 127
QFHTZo MEz 24 € 24T 5704, 2AA] 3ol & AUF 6710 BH
Figure 4= 7 2AHAY £33 3&5 2UFE £ AF - B 8.
ez A $£EA & 57H(1980d o] F) 9] HEA ZAA] 1004 d&e] HAYFEE 1980~1984

FFEL AZJY Ao 2A EHE 1 1.2mEole 3 49.6%, 1985~ 1989'd 30.0%. 1990~ 1994 &
A AT, ZAK 1M & F€ 570, ZAR] 2614 20.4%2A #A7TE % 10.0%3 =9 YAHLE Bol
I Ao, 2AA 2€ 1980~1984d 32.9%, 1985
~1989'd 32.3% 2] ] Y348 B2 1990
~1994d9l & 34.9% 24 43%e] 233 Frhsiint.
ZAEA] 3& 1980~1989'd 36.4%, 1985~1989¢
33.1%. 1990~1994 30.5% 2 wjAl71d e
Zasta et ZAA 19149} 2ol & &9 4% 2
_ , R A ofuolA ZALA] 19te] th7] 2ol o] & JFL A3t
st R o ANER AU

. 20.- 8 ‘g5~ 89 *90~" 94
Year
[=sitetry —o-sitard —Sited () | a E
Figure 4. Mean growth ratio of tree ring of domi-
nant species during the five years since AESA o A AR AU - 2] B4 o5
1980 in Kunsan Industrial Complex o oA 2 ZApThe] Bualx| AT SAlg AgTR

(Pt: Pinus thunbergiana, Pd: Pinus densiflora)
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