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The Study on the Early Diagnosis of Injuries for
Needles of Conifer by Acid Rain and Air Pollutants!
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ABSTRACT

This study was conducted to the early diagnosis of injuries on needles of conifer by acid rain and air
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pollutants in metropolitan area, Korea. It was executed to calculate of injured index, contact angle
measurement, nutrient content analysis in needles, analysis of soil chemical properties from June 1990 to
June 1991. The sensitive species{Picea abies, Abies holophylla) for acid rain and air pollutants were used
as the study materials. And the results from this study were as follows:

Degree of injured index was divided into three groups in June 1990. The first group (not injured sites)
was Kwangnung and Yangpyung. The Second group (slight injured sites) was Inchon, Boramae Park,
Kwachun, Seoul Women’s Univ., Anyang, and Yangsuri, The third group (serious injured sites) was
Namsan, Seoul City Univ., Children’s Park, and Kumgok Royal Tomb. But, Inchon, Kwachf)n area were
changed from slight injured areas to serious injured areas in December 1990. As time goes on, the degree
of injured gets worse. In contact angle analysis, value of December 1990 was lower than that of June
1990, especially, that of two-year-needle were lower than of one-year-needle. The correlation between
injured index and contact angle was significantly negative. In the result of needle nutrients analysis of
Picea abies, Abies holophylla, Ca, Mg, K contents was higher in December 1990 than that in June 1991 and
that of one-year-needle were prominantly higher than that of two-year- needle. In case of wax quantity
analysis in injured area, the older the leaf age is, the smaller the contented wax quantity is. In uninjured
area, the higher a leaf age is, the much that of index is. As a result, the method of analysis referred in
the former, is applied by a complementary cooperation. That of method is done sustainably in the fu-
ture, the correct results will be expected.

KEY WORDS : AIR POLLUTION, CONTACT ANGLE, INJURED INDEX
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Figure 1. Location of sites in the Metropolitan area, Korea.

Site : 1:; Inchon, 2: Boramae Park, 3: Namsan, 4; Seoul City Univ,, 5: Children’s Park, 6; Yangsuri, 7:
Yangpyung, 8: Kwangnung, 9: Kumgok Royal Tomb, 10: Seoul Women's Univ., 11:Kwachon, 12: Anyang
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E), o]as A A (NO:; 219,331E), TSP (44,587E) Agel ¥ dir) g4 (Figure 3)& H4HEH
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Table 1. The description of pollutant quantity by the o] vrAl Ve 1120 A (032 A8l 2S¢ F
region{1989). Ark AL d71ede] Frbe bEAE A R A
(Unitzton/year) g2t wpo17es 5o} 298d o WED e P
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Seoul 151,209 44,587 219,331 38,714 482,449 M4 2 ms|s B 9ot ol Yyl e gast
Inchon 63,170 9,880 56,199 6,516 67,150 . L Ny A
. i o = 9lor} 9 o} okol| A o As}
Kyongkido 129,122 18,834 162,762 19,762 19,094 & A2 Aole slon A, dgAME g 3

< B (Figure 4, 5).

Source . Ministry of Environment

Table 2. Injured index of Picea abies and Abies holophylla for each site in the Metropolitan area(1990. 6).

Site No X, . X, Xy X, X X¢ X, X, X, X, Xy X, X5 X Rate

Picea abies
1 0.00 000 1.8 060 0.00 0.00 020 000 060 020 010 000 040 39 95
2 0.00 060 120 0.00 000 000 000 000 000 000 000 000 060 240 58
3 2.00 2.00 200 100 0.00 0.00 000 000 1.00 000 100 0.00 1.00 1000 24.3
4 214 229 300 243 0.00 000 071 214 000 057 1.00 0.29 129 1586 386
5 230 260 310 260 000 0.10 080 056 160 0.00 060 050 120 159 38.9
6 0.00 020 110 0060 000 000 050 000 000 000 000 000 000 180 43
7 0.00 0.00 0.00 0.00 000 000 000 000 000 000 000 000 000 000 00
8 0.00 000 000 0.00 000 000 000 000 000 000 000 000 000 000 00
9 0.00 2.10 280 240 000 020 1.5 19 230 100 020 1.00 130 1670 40.7
10 2.00 2.00 040 0.00 000 000 000 000 000 000 050 000 000 49 119
11 0.80 200 210 0.00 000 0.00 000 000 020 000 000 000 000 510 124
12 0.00 0.00 0.40 0.00 000 0.00 000 000 0.00 000 000 0.00 000 010 0.9

Abtes holophylla .
1 0.00 1.00 140 040 0.00 000 020 0.00 0.60 010 000 0.00 030 400 97

2 0.00 040 120 000 0.00 0.00 020 000 000 000 020 000 070 270 6.5
3 1.71 2.00 2.00 143 000 000 000 000 000 000 100 000 08 9.05 220
4 2.00 200 200 214 0.00 0.00 000 000 000 000 100 000 100 10.04 24.7
5 2.00 200 210 110 000 020 030 040 0.00 010 1.00 010 100 920 224
7 0.00 0.00 0.00 0.00 000 0.00 000 000 000 000 000 000 000 000 00
8 0.00 000 0.00 020 0.00 000 000 000 000 000 000 000 000 020 04
9 0.00 040 210 000 000 000 010 000 000 000 000 000 000 260 6.3
10 2.00 200 210 100 0.00 000 000 000 000 0060 100 000 100 910 221
11 0.00 160 250 000 0.00 000 020 000 000 000 020 000 000 450 10.9
12 0.00 0.00 200 000 000 000 000 000 0.00 000 000 000 000 200 4.8

1. X,:one-year-needle fading, X,:two-year-needle fading, X,:three-year-needle fading, X,:Degree of depauperation,
X :one-year-needle defoliation ratio, Xg: two-year-needle defoliation ratio, X;: three-year-needle defoliation ratio
X4 Branch drooping condition, Xg: Shoot growth condition, X,;: Twig condition, X;,: Terminal bud condition,

X|,: Crown decline condition, X,;:Tree strength, X,: Total

2. Site: 1:Inchon, 2:Boramae Park, 3:Namsan, 4:Seoul City Univ., 5:Children’s Park, 6:Yangsuri, 7:Yangpyung,
8:Kwangnung, 9:Kumgok Royal Tomb, 10:Seoul Women's Univ., 11:Kwachon, 12: Anyang
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Figure 3. The condition of air pollution in Seoul, 1989(Source: Ministry of Environment, 2.Environmental standard:

SOz 1 0.05ppm /year, NO2:0.05ppm /year, O3: 0.02ppm /month, TSP; 150 g /m?/ year, CO: 8ppm /vear,
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Table 3. Injured index of Picea abies and Abies holophylla for each site in the Metropolitan area(1990. 12).
Site No X1 X2 X3 X4 Xs X6 X7 X3 Xo X Xun Xiz Xiz Xu Rate
Picea abies

1 1.31 240 280 113 000 000 100 044 000 1.13 006 0.13 0.75 1115 27.2
2 0.00 1.60 230 000 000 000 020 000 000 000 0.00 0.00 060 470 115
3 0.40 0.40 0.60 050 000 010 030 010 020 020 000 000 020 300 73
4 214 229 3.07 243 007 007 121 046 160 000 060 050 120 1593 389
5 230 260 310 260 000 010 090 043 160 000 0.60 0.50 1.20 1593 389
6 143 171 214 000 000 0.14 143 000 000 0.00 0.00 0.00 000 686 16.7
7 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 000 000 000 000 O
8 0.00 0.00 0.00 0.00 0.00 000 000 0.00 000 000 000 000 000 000 O
9 0.00 2.10 280 233 000 020 167 1.00 1.9 230 020 09 130 1670 40.7
10 2.00 200 200 0.00 0.00 000 000 0.00 0.00 000 050 000 000 650 159
1 1.60 240 290 0.80 0.00 050 150 0.00 040 000 090 010 070 11.80 28.8
12 0.00 0.00 0.20 0.00 000 000 000 000 000 000 000 0.00 000 020 05

Abies holophylla
1 1.80 260 289 1.00 000 000 090 030 060 09 0.00 010 0.50 1159 283
2 020 2.00 210 050 000 010 220 010 020 020 010 000 120 890 217
3 1.20 200 210 120 0.00 0.10 090 010 040 0.60 0.00 100 060 10.20 24.9
4 2.00 2.00 238 217 000 008 077 0.00 169 031 100 0.00 108 1347 329
5 2.00 2.00 210 110 000 020 030 033 040 000 1.00 0.11 100 1054 257
7 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.0 000 000 000 000 000 O
8 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 000 000 000 000 000 O
9 0.00 0.40 210 0.00 0.00 000 0.10 000 0.00 000 000 000 000 260 6.3
10 2,00 2.00 200 2.00 000 0.00 000 000 100 000 100 0.00 100 11.00 268
11 250 290 370 340 090 1.00 3.00 1.00 250 1.50 0.20 1.00 2.006 25.60 62.4
12 0.00 0.00 2.00 000 0.00 000 000 000 000 000 000 000 000 200 4.9

1. Xi1:one-year-needle fading, X::two-year-needle fading, Xs:three-year-needle fading, Xs:Degree of depauperation,

Xs:one-year-needle defoliation ratio, Xs; two-year-needle defoliation ratio, X7; three-year-needle defoliation ratio
Xs: Branch drooping condition, Xs; Shoot growth condition, X10; Twig condition, X11; Terminal bud condition,
X12; Crown decline condition, X13:Tree strength, X14; Total
2. Site: 1:Inchoén, 2:Boramae Park, 3:Namsan, 4:Seoul City Univ., 5;Children’s Park, 6:Yangsuri, 7: Yangpyung,
8:Kwangnung, 9:Kumgok Royal Tomb, 10;Seoul Women’s Univ., 11:Kwachon, 12; Anyang
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Figure 6. The condition of acid rain in Seoul (lE: Minis-
try of Environment, &: Seoul City, @: Kim
Joon Ho).

R (Table 2), 12¥<] 1 g2 0.0~6.707% 0.0~25.
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Table 4. The measurement of contact angle for Picea
abies and Abies holophylla needles in the Metro-
politan area(1990. 6, 1990. 12).

Site No. Years Mean Mean
90.6  '90. 12 90.6  '90.12
Picea abies Abies holophylla
1 1 77.5 90.78 77.8 76.87
2 51.6 88.15 63.9 64.30
3 43.1 84.23 51.8 63.09
2 1 90.2 89.03 84.14
2 70.1 82.96 81.10
3 60.6 80.64 77.47
3 1 90.3 77.68 89.7 77.79
2 74.8 72.86 70.9 71.30
3 61.7 65.04 55.3 66.52
4 1 92.8 79.56 81.2 74.20
2 72.8 75.74 65.3 70.38
3 59.2 70.53 54.4 63.75
4 55.4 69.22 51.0 57.82
5 1 76.4 86.87 80.1 68.98
2 63.7 79.43 65.3 66.49
3 54.8 72.75 80.1 62.48
6 1 86.8 80.67
2 59.9 78.80
3 49.5 76.95
7 1 84.1 80.41 71.1 72.51
2 60.1 69.12 54.7 67.68
3 52.8 63.64 46.0 66.46
8 1 87.4 71.99 59.5 74.88
2 60.7 65.86 50.6 74.05
3 56.0 61.29 45.5 70.78
9 1 82.6 74.84 69.9 66.68
2 63.3 66.31 57.5 63.70
3 53.1 59.14 47.8 59.73
10 1 70.42
2 62.92
3 55.01
11 1 84.7 89.53 80.8 73.59
2 52.3 82.29 45.5 72.95
3 38.6 78.91 41.4 68.14
12 1 75.3 80.49 81.03
2 55.0 70.42 71.76
3 56.0 63.31 66.37
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Figure 7. Iso-injured index for Picea abies in the Metropolitan area.
1. = : Injured index ) 10, --- ; Injured index 1-9
2.Site: 1: Inchon, 2: Boramae Park, 3; Namsan, 4; Seoul City Univ., 5: Children’s Park, 6: Yangsuri, 7:
Yangpyung, 8: Kwangnung, 9. Kumgok Royal Tomb, 10: Seoul Women's Univ., 11:Kwachon,
12:Anyang
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Figure 8. Iso-injured index for Abies holophylla in the Metropolitan area.
1. — : Injured index » 10, --- : Injured index 1-9
2 Site: 1: Inchén, 2; Boramae Park, 3: Namsan, 4: Seoul City Univ,, 5: Children’s Park, 6: Yangsuri, 7:
Yangpyung, 8: Kwangnung, 9; Kumgok Royal Tomb, 10: Seoul Women’s Univ.,, 11:Kwachon,
12: Anyang
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Figure 9. Changes of contact angle for each site of Picea abies and Abies holophylla at Seoul City University and

Kwangnung (1990. 6.~1990. 10).
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Table 5. Changes of contact angle for Picea abies seed-
ing in four sites(Inchon, Seoul City Univ.,
Yangsuri, Songwhan).

Mean of Contact angle

Site

1990. 6  1990. 12 1991. 6
Inchon 109.42 78.19 85.91
Seoul City Univ. 109.97 83.42 82.07
Yangsuri 108.28 42.78 83.62
Songwhan 106.58 65.80 88.15

ST 7(2) 1994

Table 6. Correlation between contact angle and injured
index for each species(1990).

Contact Angle

Injured Index Picea asies Abies holophylla

lyr 2yr 3yr lyr  2yr 3yr

1yrf
2yrf
3yrf
Total

June

1yrf
2yrf
3yrf
Total

Dece.

1. 1lyr:one-year-needle, 2yr:two-year-needle 3yr;three-
year-needle lyrf:one-year-needle fading, 2yrf;two-
year-needle fading, 3yrf; three-year-needle fading

2. 1-tailed signi. ; --:0.01, -:0.05 level

Table 7. Correlation between each injured index for Picea abies in June and December, 1990.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X1 X112 X13
X2 ++
X3 ++ ++ June
X4 ++  ++  ++
X5 R . . .
X6 . + 4+ ++
X7 + ++
X8 + ++ 4+ A4+ ++  ++
X9 ++ 4+ A+ 4+ N
X10 . +  ++ ++ ++ 4+ -+
X11 ++ ++ +4+  ++4+ . . ++  ++ .
X12 + ++  ++  ++ ++ ++ ++ ++ 4+ .
X13 ++ ++ +4+  ++ ++ ++ ++ ++ 4+ ++ 4
X14 ++ ++ ++  ++ ++ ++ ++ ++ 4+ ++ A+
X2 ++
X3 ++ ++ December
X4 ++  ++ A+
X5 . . . .
X6 ++ ++ ++ + +-+
X7 ++ ++ ++ ++ ++
X8 e ++
X9 ++ ++ ++ ++ . ++  ++
X10 . ++  ++ ++ . ++  ++ 4+
X1 ++  ++ ++ ++ ++ . 4+
X12 + ++  ++ 4+ ++ ++  ++ . .
X13 ++ ++ ++  ++ . ++ ++ ++ ++ ++  ++
X14 ++ ++  ++  ++ ++ ++ ++ o+ A+ S+t ++

1. 1-tailed signi., +=+: 0.01, +: 0.05 level

2. 1: one-year-needle fading, 2: two-year-needle fading, 3; three-year-needle fading, 4: Degree of depauperation, 5:
one-year-needle defoliation ratio, 6: two-year-needle defoliation ratio, 7: three-year-needle defoliation ratio, 8:
Branch drooping condition, 9: Shoot growth condition, 10: Twig condition, 11: Terminal bud condition, 12: Crown

decline condition, 13:Tree strength, 14: Total
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Table 8. Correlation between each injured index for Abies holophylla in June and December, 1990.
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X1l X12 X13
X2 ++
X3 ++ ++ June
X4 ++ 4+ ++
X5 .
X6 +-+
X7 . ++
X8 . . ++ ++ ++
X9 ++  ++ ++ + . .
X10 . . . . ++ ++ .
X1 ++ ++ ++ ++ . . . ++
X12 . . . ++ ++ ++ ++  ++ . .
X13 ++ ++ ++ ++ . . . ++ +4+ 4+ .
X14 ++ ++ ++  ++ ++ ++ ++ 4+ ++ ++ 4+
X2 ++
X3 ++ ++ December
X4 ++  ++ 4+
X5 ++ ++ ++ 4+
X6 ++ ++ ++ ++ ++
X7 ++ ++ ++ ++ ++  ++
X8 ++ ++ ++ ++ 4+ 4 4+
X9 ++ ++ ++ ++ ++  ++  ++ 4+
X10 ++ ++ ++ ++ ++ ++ ++  ++ 4+
X11 ++ 4+ . ++ . . . . ++ .
X12 ++ ++ ++ ++ ++ ++ ++ ++  ++ ++ .
X13 ++ ++ ++ ++ ++ H++ 4+ ++ A+ F+ ++ ++
X14 ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 4+

1. 1-tailed signi, +-: 0.01, +: 0.05 level.

2. 1. one-year-needle fading, 2: two-year-needle fading, 3; three-year-needle fading, 4: Degree of depauperation, 5:
one-year-needle defoliation ratio, 6; two-year-needle defoliation ratio, 7: three -year-needle defoliation ratio, 8:
Branch drooping condition, 9: Shoot growth condition, 10; Twig condition, 11; Terminal bud condition, 12; Crown

decline condition, 13;Tree strength, 14: Total
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Table 9. Analysis of nutrient content in the needle of Picea abies in the Métropolitan area{1991. 12, 1990. 6).

Site  Year of P(%) Ca(%) Mg(ppm) K(%) S(%)
Needle 90. 12 91. 6 90. 12 91, 6 90. 12 91. 6 90. 12 91.6 91. 6

1 1 0.250 0.198 808 0.639 1.60
2 0.130 0.336 0.445 0.320 1100 836 0.676 0.509 1.52
3 0.137 0.704 1219 0.611

2 1 0.149 0.182 0.626 0.301 975 910 0.496 0.382 1.12
2 0.140 0.354 1.191 0.507 1284 1001 0.473 0.355 1.04
3 0.109 1.201 1380 0.234

3 1 0.119 0.246 0.161 0.528 902 486 0.644 0.446 1.54
2 0.116 0.228 0.288 0.538 1006 638 0.571 0.375 1.26
3 0.103 0.277 1022 0.539

4 1 0.152 0.207 0.427 0.912 917 758 0.404 0.538 1.19
2 0.123 0.362 0.614 1.176 888 886 0.546 0.365 1.10
3 0.108 1.271 1134 0.404
4 0.079 1.493 1051 0.358

5 1 0.062 0.224 0.371 0.489 834 548 0.468 0.566 1.31
2 0.091 0.210 0.797 0.557 841 615 0.482 0.494 1.13
3 0.102 0.908 871 0.465

6 1 0.136 0.335 1.514 0.865 631 598 0.330 0.355 1.22
2 0.149 0.335 0.573 0.599 1144 537 0.424 0.202 1.09
3 0.128 1.084 1231 0.357

7 1 0.242 0.208 0.212 1.050 862 575 0.658 0.485 1.35
2 0.249 0.225 0.632 1.377 894 575 0.658 0.374 1.26
3 0.182 1.315 1148 0.462

8 1 0.095 0.185 0.788 0.670 963 698 0.439 0.329 1.46
2 0.167 0.275 0.512 0.731 822 640 0.712 0.244 1.33
3 0.109 0.640 734 0.405
4 0.071 0.538 529 0.282

9 1 0.108 0.180 1.363 0.571 1090 447 0.287 0.395 1.00
2 0.139 0.478 951 0.459 0.90
3 0.107 0.798 1040 0.303

10 1 0.088 0.208 0.806 0.482 715 827 0.371 0.428 0.84

11 1 0.179 0.219 0.666 0.886 915 766 0.755 0.781 1.11
2 0.169 0.277 1.333 1.060 1124 942 0.779 0.489 1.03
3 0.164 1.795 1320 0.591

12 1 0.199 0.359 0.446 0.210 1003 1041 0.346 0.401 1.23
2 0.144 0.241 1.122 0.724 995 976 0.312 0.330 1.22
3 0.101 1.088 955 0.554

Site:1:Inchon, 2:Boramae Park, 3;Namsan, 4:Seoul City Univ., 5:Children’s Park, 6:Yangsuri, 7;Yangpyung,
8:Kwangnung, 9:Kumgok Royal Tomb, 10:Seoul Women's Univ., 11:Kwachon, 12:Anyang
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Table 10. Analysis of nutrient content in the needle of Abies hollophylla in the Metropolitan area(1991, 12, 1990. 6).

Site  Year of P(%) Ca(%) Mg(ppm) K(%) S(%)
needle 90. 12 91. 6 0. 12 91. 6 90. 12 01. 6 90. 12 91. 6 91. 6
1 1 0.161 0.156 0.377 0.593 885 612 1.038 0.408 1.15
2 0.115 0.056 1.270 1.220 986 767 0.589 0.271 1.12
3 0.115 - 1.278 -- 997 -- 0.549 -- -
2 1 0.160 0.021 0.440 0.855 1029 1100 0.901 0.440 1.02
2 0.149 0.126 1.212 1.266 1432 1363 0.574 0.290 1.03
3 0.097 -- 1.222 - 1278 -- 0.479 -- -
3 1 0.145 0.019 0.508 0.844 896 533 0.861 0.591 1.06
2 0.118 0.294 1.255 1.792 961 1099 0.477 0.540 1.10
3 0.108 -- 1.074 -- 820 - 0.433 - -
4 1 0.204 0.078 0.650 0.284 962 292 0.896 0.664 0.87
2 0.146 0.093 1.225 0.997 1243 606 0.373 0.390 --
3 0.117 -- 1.284 -- 1098 -- 0.489 -
5 1 0.202 0.088 0.260 0.711 978 610 0.607 0.334 1.24
2 0.138 0.326 1.155 0.526 1023 718 0.348 0.526 1.50
3 0.122 -~ 1.238 -- 708 -- 0.345 - --
7 1 0.178 0.071 0.758 0.515 928 722 0.633 0.382 1.41
2 0.101 0.087 1.416 0.991 828 713 0.502 0.298 1.16
3 0.084 - 1.343 -- 582 -- 0.403 -- --
8 1 0.139 0.096 0.844 0.447 775 218 0.667 0.281 1.10
2 0.144 0.091 1.111 0.873 751 176 0.635 0.287 1.02
3 0.106 - 1.040 -- 671 - 0.653 -- --
4 0.101 1.159 639 - 0.672
9 1 0.130 0.030 1.532 0.904 1091 640 0.407 0.188 0.92
2 0.114 0.339 1.139 1.342 1019 802 0.379 0.193 0.94
3 0.115 -- 1.513 -- 1071 - 0.422 -- --
10 1 0.114 0.026 0.793 1.064 859 916 0.485 0.237 0.92
2 0.110 0.172 1.366 1.282 987 789 0.388 0.236 1.04
3 0.087 - 1.311 -- 929 - 0.364 - --
11 1 0.155 0.056 0.563 0.437 912 517 0.868 0.460 0.89
2 0.101 0.086 1.484 1.307 1252 778 0.429 0.289 0.82
3 0.087 -- 1.978 - 1452 - 0.324 -- --
12 1 0.129 0.268 0.473 0.632 1024 699 0.622 0.291 1.00
2 0.128 - 0.825 -- 1115 -- 0.574 - --
3 0.137 0.840 984 -- 0.486 -

Site:1;Inchon, 2:Boramae Park, 3:Namsan, 4:Seoul City Univ., 5:Children’s Park, 6:Yangsuri, 7;Yangpyung,
8:Kwangnung, 9:Kumgok Royal Tomb, 10:Seoul Women's Univ., 11:Kwachon, 12: Anyang
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Table 11. Mean value of soil chemical properties for
each site in the Metropolitan area(1990. 12).

pH  Exch.Cation(me /100g) Ava.
——————— P205 Moisture
Mg (ppm)

Site No.
(H:0:1:5) K Ca

Picea abies
1 4.71 0.24 229 0.3 42 11.68
2 6.45 013 650 0.88 25 7.43
3 5.43 0.22 355 0.38 7 8.21
4 5.06 0.37 4.10 058 193 3.40
7 6.21 0.27 357 052 68 9.36
8 5.09 0.26 2.88 0.47 233 6.93
10 5.06 0.15 372 072 90 10.14
12 5.37 0.14 1.8 030 96 7.31

Abies holophylla
1 - 032 850 053 36 11.95

2 5.33 0.14 525 1.33 184 5.86
3 4.99 0.22 455 0.64 20 8.16
4 6.40 0.17 592 065 70 3.64
7 5.98 031 7.08 050 114 8.94
8 5.36 0.20 1.61 0.35 8 6.80
9 5.08 0.20 3.76 052 47 7.90
12 5.02 018 194 029 78 8.09

— : missing value

Table 12. Wax content in needles of Inchon and
Yangpyung in 1990

Site Year Picea Abies
ables holophylla

Inchon 1 0.9607 0.6600

2 2 0.3244 0.4421

Yangpyung 1 0.1193 0.3976

8 2 0.4942 0.4509
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