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Acid Rain and Airborne Pollutants Effects on
the Needle of Some Conifer Species"
A Case Study of Injured Index and Contact Angle -
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ABSTRACT

We studied the degree of damage of trees which have been chronically damaged by environmental
pollutants and the area of damaged stands in each region of the middle part of Korea with three tree
species - Picea abies, Abies holophylla and Pinus densiflora. So as to diagnose the degree of tree
damage in an early stage, We investigated injury index and measured contact angle and finally got
the following results: 1) Visible and physiological damage such as the increase of injury index and the
decrease of contact angle was serious centering around metropolitan cities like Seoul and Inchon: 2)
The trees of all of 14 sites surveyed were damaged by environmental pollutants although there was
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difference to some extent among sites. Especially, the degree of damage appeared to be increased
gradually in the western parts along including Inchon, the seacoasts. In fact, more systematic studies
for this issue should be continued in other regions and countermeasures should be devised.
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Figure 1. The location map of sites in the middle area, Korea
(1: Inchon, 2: Pupyong, 3: Poramae Park, 4: Namsan, 5: Seoul City Univ.,6: Namhansansong,
7' Yangpyong, 8: Hongchon, 9: Yongpyong, 10: Kwangnung, 11: Kumgoknung, 12: Anyang,

13: Osan, 14: Songhwan)



it 2 dNed el R AGTF ol v e 4% 79

£ Asstdct.

Zt =t A7 Ee v 2o

© 99 HY P FEhof o7 A £ BAH
ol 35 dAd, dAed. 3dAder FEE
FA(4), A(3), A(2), (09 g Fuch. W
o AxE AAsDe] @ F AU go] 0~25%F
o 26~50%% A, 51~T5%% A, 16~100%% =
Aoz skt

@ 99 A= JAFH] 4F Fo] Fatd
dog A ugo wet A H(76~100%), £
(51~75%), AW(26~50%). BH0~25%)2.& 1}
¥ol 74z}t 4, 3, 2, 09 A4 s

@Yo dgee

o] 2] 7ha1 B¢ e dol(em)
A 742D (em)

o2 Aied Y g wek 81~100%(4).
61~80%(3), 41~60%(2), 21~40(1), 0~20%(0)
2 ByE st

@ Nzg7e] B3P AAFTY A% F YA AF
& 3 le AZe vl gd wel 24 A2HT76~100%),
A ARA(B1~75%), 2ol AA(26~50%), B3
(0~25%)0.2 V5o Zzt 4, 3, 2, 022 AL
sk

® 2AZgE AALBe £AF TAE & wat
3/431AL, 1/234F, 1/434}, ez 7R 24zt
4,3, 2, 09 5= s

® AFdFe 7l el Y&zt 3 7kxiel A
Af-E wak #(1), F(0)2 FRAG.

@ AokgM e ddAel ozt gle AL 14, Heol
7t A3 e Re 0¥ ez HYsar

FRLre B ¥ AA¥E AL 1H, HAAa
HA e A& 0oz A

® FAe YA Hol ¢ BAT A, 43T
A, A Aoy TR 242t 2 1, 0deg HY
ot

2

Al

1=

H$9&(%) =

100(%)

@ (CONTACT ANGLE)

GRATICULE
WATER~DROPLET

T NEEDE T

Figure 2. Measurement of contact angle of the
water-droplet on the needle
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Table 1. Description of studied sites in the Middle area, Korea.

Topography Soil
Site No. Slope( °) Aspect  Soil Character Moisture Depth Density

Picea abies

01 10 N Clay Wet Moderate Density

03 00 W " " " "

04 00 S " 7 Shallow Alone

05 00 - Loam 7 Moderate 7

07 00 - Clay " Deep Density

09 00 - ” ” 7 "

10 10 E ” " " ”

11 00 - 7 7 Moderate Alone

12 00 NE Loam 7 7 7

13 00 - " ” Deep Density

14 00 NW " 7 Moderate "
Abies holophylla

01 15 N Loam Wet Moderate Density

02 00 - ¢ g . .

03 00 " 7 7 ” "

04 00 S 7 " Shallow Alone

05 00 - ” i Moderate "

06 00 N 7 " 7 Density

07 00 - " " Deep ”

08 00 - g g . .

09 10 SE ” 7 " 7

10 10 W ” 7 Moderate "

11 00 - g g . g

12 00 NW " ” 7 "

13 00 - . ¢ ¢ ¢

14 00 - . . " g
Pinus densiflora

01 10 N Loam Wet Moderate Density

02 10 NE " " 7 7

03 20 S ” Dry 7 7

04 20 S ” Wet 7 7

05 10 S " Y " 7

06 10 NE ” 7 7 7

07 20 SE " Dry " ”

08 00 - Clay Wet 7 "

09 20 NE ” 7 i ”

10 30 W " " Deep Sparsity

11 10 SW 7 7 Moderate Density

12 05 E 7 Dry Shallow Sparsity

13 10 - 7 ” ” i

14 10 - " ” 7 "

* 1: Inchon, 2: Pupyong, 3: Poramae Park, 4: Namsan. 5: Seoul City Univ., 6: Namhansansong, 7:
Yangpyong. 8: Hongchon, 9: Yongpyong, 10: Kwangnung, 11: Kumgoknung, 12: Anyang, 13: Osan,
14: Songhwan
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Table 2. Injured index ratio of Picea abies for each site in the middle area, Korea

( Unit: %)
Site No. 1 3 4 5 7 9 10 11 12 13 14
'91.12 66.58 26.82 10.24 22.29 268 2229 805 30.97 2961 1.74 -
'92.12 4488 36.82 21.85 36.24 0.00 17.03 0.00 43.17 27.88 8.29 -
'95. 2 63.90 2829 50.73 1220 195 3720 049 2585 4146 7.81 0.98
* 1: Inchon, 2! Pupyong, 3! Poramae Park, 4: Namsan, 5: Seoul City Univ., 6: Namhansansong,
7: Yangpyong, 8: Hongchon, 9: Yongpyong, 10: Kwangnung, 11: Kumgoknung, 12: Anyang,

13: Osan, 14: Songhwan,

Table 3. Injured index ratio of Abies holophylla for each site in the middle area, Korea

( Unit: % )
Site No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
'91.12 3597 4390 4824 2488 1846 4146 5.36. 0.00 17.07 585 10.97 - 0.00 0.00
'92.12 35.85 27.07 3878 26.12 25.09 29.27 0.00 0.00 17.07 0.00 21.95 23.68 048 0.00
‘95. 2 5463 26.83 4390 4732 2293 3122 0.00 0.00 1267 146 6.83 2000 049 1.46
* The sites numbers are the same as table 2
Table 4. Injured index ratio of Pinus densiflora for each site in the middle area, Korea

( Unit: %)
Site No. 1 2 3 4 5 6 7 8 9 11 12 13 14
'91.12 3341 3512 5365 - 31.56 31.70 26.09 - 26.83 5048 3341 2048 36.05
9212 2951 4243 5122 44.17 39.83 4292 14.15 4390 1780 21.00 2853 13.65 15.70
‘95. 2 6585 4293 6341 4293 40.00 3220 2537 40.00 56.10 36.10 44.39 19.51 32.68
* The sites numbers are the same as table 2.
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Table 5. Correlation between each injured index for Picea abies in Feb., 1995

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Xl11 X12 XI13
X2 ++
X3 ++ ++ 1995 FEBRUARY
X4 ++ ++ ++
X6 : : : + +
X7 . ++ ++ ++ . ++
X8 ++  ++ ++ ++
X9 ++ ++  ++ ++ ++
X10 ++  ++  ++ ++ ++ ++ ++
X1l ++  ++ ++ ++ ++ ++  ++
X12 ++ ++ ++ ++ : ++ ++  ++ ++
X13 ++ ++ ++ ++ ++ ++ ++  ++ + ++
X14 ++ ++ ++ ++ ++ ++ ++  ++ ++ ++ ++

1. 1-tailed signi. ++: 0.01, +: 0.05 level
2. X1: one-year-needle fading, X2: two-year-needle fading, X3: three-year-needle fading, X4: Degree
of depauperation, X5: one-year-needle defoliation ratio, X6: two-year-needle defoliation ratio, X7:
three -year-needle defoliation ratio. X8: Branch drooping condition, X9: Shoot growth condition,
X10: Twig condition. X11: Terminal bud condition, X12: Crown decline condition. X13:Tree
strength, X14: Total

Table 6. ANOVA table of Picea abies among sites

Source DF Sum of Mean F F
o Squares Squares Ratio Prob.
Between Groups 10 23709.1621 2370.9162 83.8851 .0000
Within Groups 43 1215.3451 28.2638
Total 53 24924.5072
Table 7. Correlation between each injured index for Abies holophylla in Feb., 1995
X1 X2 X3 X4 X5 X6 X7 X8 X9 X100 X1t Xl12 Xi3
X2  ++
X3 ++ ++ 1995 FEBRUARY
X4 ++ ++ ++
X5 . :
X7 ++ ++ ++ ++ ++
X8 4+ ++ ++  ++ ++
X9 ++ ++ ++ o+t + ++ ++
X110  ++ ++ ++  ++ ++ ++ ++
X11 : : . . . . : .
X112 ++ ++ ++  ++ ++ ++ ++ 4+
X13  ++ ++ ++ ++ ++ ++ ++ ++ ++
X14  ++ ++ ++  ++ + ++ ++ ++ 4+ ++  ++
1. 1-tailed signi. ++: 0.01, +: 0.05 level

2. The injured index labels are the same as table 5
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Table 8. ANOVA of Abies holophylla among sites

Source DF Sum of Mean F F
o Squares Squares Ratio Prob.
Between Groups 13 23927.5664 1840.5820 29.6679 .0000
Within Groups 56 3474.2094 62.0395
Total 69 27401.7758

Table 9. Correlation between each injured index for Pinus densiflora in Feb., 1995

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13
X2 ++
X3 + ++ 1995 FEBRUARY
X4 ++
X5 + : . ++
X6 : : +
X7 . : ' :
X8 ++ 4+ . + . ++ .
X9 4+ + 4+ o+ + : ++ +
X10  ++  ++ ++ + ++4 ++ ++
X11 : : ++ : : .
X12  ++ ++ : + + ++ + 4 4+ ++
X13  ++  ++ . + ++ ++ 4+ ++ ++
Xl4 +4+  ++  ++  ++ ++ ++ ++ +4+ 4+ + ++ o+ +
1. 1-tailed signi. ++: 0.01, +: 0.05 level
2. The injured index labels are the same as table 5
Tabie 10. ANOVA of Pinus densiflora among sites
Sum of Mean F F
Source D.F. Squares Squares Ratio Prob.
Between Groups 12 10770.6859 897.5572 22.6177 .0000
Within Groups 50 1984.1893 39.6838
Total 62 12754.8752

g AR A f2l el A H AT Table 8).
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Table 11. The measurement of contact angle on the needle of Picea abies in the middle area, Korea

( Unit: ° )
Year Age Site
1 3 4 5 7 9 10 11 12 13 14
1991.12 93.1 818 836 838 83.0 866 819 76.1 829 819

844 733 736 743 697 666 713 628 728 732
80.8 66.0 692 71.1 673 610 638 595 676 683

1992.12 844 931 886 937 831 899 805 830 839 836
719 762 698 761 616 662 61.3 652 678 663
1995. 2 48.3 675 70.1 585 622 481 677 705 675 755 726

451 473 569 506 51.3 376 558 575 575 63.0 599

1
2
3
1
2 765 8.8 776 825 653 71.1 705 718 U755 V4.2
3
1
2
3 406 447 528 424 416 32.1 516 48.0 481 541

*1: Inchon, 2: Pupyong, 3: Poramae Park, 4: Namsan, 5: Seoul City Univ., 6: Namhansansong,
71 Yangpyong, 8 Hongchon, 9: Yongpyong. 10: Kwangnung, 11 Kumgoknung, 12 Anyang,
13: Osan, 14: Songhwan

Table 12. The measurement of contact angle on the needle of Abies holophylla in the middle area.
Korea ( Unit: * )

Site*
1 2 3 4 5 §] 7 8 9 10 11 12 13 14

86.7 86.0 73.4 814 828 72.8 83.1 80.5 83.1 759 79.5 79.2 81.9 74.9
73.8 726 69.1 70.6 72.7 69.0 64.6 66.5 62.7 60.3 68.1 71.5 73.2 59.0
68.5 60.9 642 59.6 651 63.8 59.2 59.5 56.1 57.7 57.7 63.9 68.3 53.0

1
2
3
1 776 852 84.3 89.4 755 854 825 83.8 89.3 83.9 86.3 859 86.1 672
2 69.2 65.8 69.8 655 62.7 70.8 59.8 65.9 66.2 679 76.1 77.3 70.8 50.6
3
1
2
3

Year Age

1991.12

1992.12

65.1 62.0 66.2 589 595 64.0 56.6 58.2 57.1 60.5 659 62.7 62.4 495

490 53.0 59.3 50.0 525 47.6 60.0 57.6 47.2 61.7 61.3 56.0 65.0 496
375 409 456 36.0 43.0 39.1 458 49.0 38.0 51.7 53.4 42.3 53.7 38.7
35,1 36.8 45.0 354 341 33.1 39.3 426 37.6 456 489 35.3 455 26.3

1995. 2

* Site numbers are the same as table 11

Table 13. The measurement of contact angle on the needle of Pinus densiflora in the middle area,
Korea ( Unit: * )

Site*
1 2 3 4 5 6 7 8 9 11 12 13 14

85.2 86.0 806 86.8 836 755 823 72.1 82.0 80.8 80.8 882 84.5
785 726 756 78.6 742 786 73.6 69.1 7T3.5 70.7 79.6 79.0

1
2
1992.12 1 77.8 83.3 90.8 804 876 832 831 81.7 86.1 81.1 86.1 825 818
2
1

Year Age

1991.12

73.3 75.8 84.8 726 776 736 Th4 742 784 714 764 742 7746

493 515 717 693 71.2 682 728 776 683 694 635 662 744
2 40.4 435 624 625 657 567 592 709 56.1 60.2 534 59.1 60.3

1995. 2

* Site numbers are the same as table 11
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Table 14. Correlation between contact angle and injured index for each species

Contact Angle Picea abies

Abies holophylla

Pinus densiflora

Injured Index lyr  2yr 3yr

lyr  2yr 3yr lyr  2yr

Total - - +

1. 1-tailed signi.: —: 0.01, ~: 0.05 level

2. lyr: this year's twig, 2yr: last year's twig, 3yr: the third year’s twig, Total: Injured Index
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