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Effects of Air Pollution on the Pinus thunbergii Forest
in the Vicinity of Sasang Industrial Complex in Korea'
Jeom Soo Kim?, Kang Young Lee’
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ABSTRACT

The objective of this study was to examine the effects of aiv pollution on Pinus thunbergil forests surround-

ing Sasang industrial complex in Korea. The injury index, contents of chlorophyll and mineral elements. and

concentrations of water soluble sulfur in needles were investigated at sample plots surrounding industrial

complex and compared with those of control far from industrial complex.
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The results obtained are as follows :

L. Discoloration of Pinus thunbergii needles was severe in the vicinity of industrial complex, and the older
needle age classes was the more severe its injury appeared. Injury index was increased in the vicinity of
industrial complex.

2. Water -soluble sulfur concentration was high in the vicinity of industrial complex at all of needle age
classes, and those of all plots were higher than that of control.

3. Chlorophyll a contents were lower at surrounding industrial complex than that at control. [t was supposed

that chlorophyll a was destroyed by air pollutants. Total chlorophyll contents and content ratio of

chlorophyll a to b were influenced by decrease of chlorophyll a contents.

4. Phosphorus contents in needles were decreased even in remoted regions with the increase of needle age
classes. Colcium contents in needles were decreased near industrial complex at all needle ages classes.

5. There were negative correlation, between injury index and chlorophyll contents, injury index and calcium
contents, and there were positive correlation between injury index and calcium contents.

6. Cluster analysis was carried out to divide the injured regions on sample plots. As a result of the analysis,
there were devided 3 regions, severe regions(l 8 plots!, medium regions'9, 10, 11, 12, 15, 17 plot;, slight
113, 14, 16, 18, 19 plot and control) .

7. The cross section of visible injured needle showed the destruction of mesophyll cell, sclerenchyma cell in

the outside of resin duct and endodermis, partially.

Key words . Prinus thunbergii. injury index, water-soluble sulfur. chlorophyll. mineral clements.
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Fig. 1. Location map of sample plots.
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Table 1. Injury index evaluated from sample trees of the Pinus thunbergii in sample plots
Sample Discoloration Needle fall rate Growth ratio Injury
plots Needle age Needle age . . index
Gl G2
1-year 2-year 3-vear 2-year 3-year

1 0.40 0.80 1.60 1.90 1.90 1.36 1.27 9.23

2 0.60 1.20 2.00 1.10 1.70 1.00 0.94 8.54

3 0.00 1.10 2.10 1.80 2.00 1.43 1.09 9.52

4 0.70 0.80 1.10 1.60 1.20 1.50 1.64 8.54

5 0.00 0.70 1.10 2.20 1.70 0.97 1.19 7.86

6 (.40 1.10 2.00 1.70 1.30 1.19 1.30 8.99

7 0.40 1.00 1.50 1.40 1.40 1.42 1.79 8.91

8 0.00 0.60 1.50 1.80 1.40 1.26 1.29 8.85

9 0.20 0.90 1.10 1.30 1.30 1.37 1.13 7.30

10 0.00 0.00 1.00 1.60 2.10 1.25 1.26 7.21
11 0.00 0.10 0.80 1.70 1.60 1.70 1.31 7.21
12 (.00 0.30 0.90 1.80 1.40 1.53 1.32 7.25
13 0.00 0.60 0.90 1.10 0.80 0.93 1.04 5.37
14 (.00 0.20 1.00 0.90 1.00 1.16 1.10 5.36
15 (.00 0.20 0.60 1.90 1.30 1.43 1.32 6.75
16 0.00 0.10 0.80 1.70 1.20 1.23 1.25 6.28
17 0.00 0.20 1.00 1.80 1.50 1.02 1.51 7.03
18 0.00 0.30 0.60 1.10 1.20 1.33 1.26 5.79
19 0.00 0.30 0.80 1.30 1.20 0.95 1.28 5.83
Control 0.00 0.00 0.10 1.40 1.10 1.03 1.20 4.83

G1 : Rate of 2-year branch length to 1-year branch
G2 Rate of 3-year branch length to 2-year branch

length.
length.
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Table 2. Mean concentration(%! of water soluble sulfur in needles of the Pinus thunbergi

Sample 1-year needle 2-year needle 3-vear needle o
plots Mean SE Mean SE Mean SE
1 0.1072 (.004 0.1746 0.008 0.2505 (.009
2 0.1732 0.007 0.1325 0.009 0.1416 0.007
3 0.1248 0.009 0.1279 0.008 0.1157 0.004
4 0.1279 0.005 0.1632 0.007 0.1332 .007
3 0.1084 0.005 0.1460 0.007 0.1585 0.005
6 0.1244 0.006 0.1160 (.007 0.0887 0.005
7 0.1175 (.002 0.1088 0.007 0.1374 0.007
3 0.1045 0.006 0.0859 0.007 0.0709 0.008
9 0.1186 0.003 0.1073 0.007 (0.1031 0.007
10 0.1307 0.004 0.0864 0.009 0.1116 0011
11 0.1080 0.006 0.0864 0.005 0.1279 0.011
12 0.1088 0.005 0.1179 0.005 0.1229 0.009
13 0.1045 0.005 0.1031 0.007 0.0640 0.006
14 0.1038 0.002 0.0988 0,007 0.1245 (.007
15 0.1351 0.003 0.0932 0.008 0.0951 0.006
16 0.1082 0.006 0.0979 (0.005 0.0730 0.007
17 0.1078 (0.005 0.0687 0.007 0.0860 0.007
18 0.0931 0.004 0.0749 0,006 0.0774 0,607
19 0.0983 0.004 0.0729 0.007 0.0781 [UREIB
Control 0.0704A 0.004 0.0544A 0.004 (.0465A 0.005
F value 51.69** 50.38** 116.65**

Same letter (A}

indicates non-significantly different at 5% significant by LSD.
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Table 3. Chlorophyll contentsimg/g  in needles of the Pinus thunbergii
Sample Chlorophyll contents o Chlorophyll
plots a ) o Total atob
l-year 2 vear J3-year l-year 2 vear 3-year 1-wyear 2 year 3-year l-year 2-year 3 year
1 0.2426  0.4071  0.5009 0.1716  0.2391A 0.2616 0.4082 0.6372 0.7521 1.4206 1.7026 1.9143
2 0177 0.3703  0.4901 0.1854 0.2372A 0.2670 0.3575 0.5989 0.7468 0.9604 1.5624 1.8362
3 0.2459  0.3601 0.3615 0.1768  0.2469A 0.3201 0.4166 0.5982 0.6711 1.4217 1.4610 1.1289
4 0.2765 04087 0.5183  0.1801  0.2289 0.2840 0.4502 0.6289 0.7914 1.5445 1.7979 1.8335
5 0.2331  0.4584  0.3815  0.1948A 0.250%A 0.3158 0.4215  0.6995 0.8851 1.1977 1.8295 [.8426
6 0.2405  0.4563  0.4987 0.1869  0.2625A 0.2026  0.4152 0.7089 0.7511 1.3302 1.7400 1.8984
7 0.2264  0.3568 0.4830  0.1394 0.2114 0.2508 0.3607 0.5603 0.7239 1.6258 1.6883 1.9200
3 0.3542  0.33842  0.3159 0.2003A 0.2383  0.2949 0.3528 0.6137 0.7996 1.7169 1.6117 1.75375
9 0.2680  0.4044  0.5509 0.1889A 0.2363A 0.3031  0.4503 0.6318 0.8423 1.4215 1.7139 1.8173
10 0.2306  0.4110  0.4965 0.1775  0.2626A 0.3162  0.4020  0.6640 0.3012  1.3927 1.5641 1.3729
11 0.2742 04793 0.6191  0.1710  0.2563A 0.3500A 04389  0.7256A 0.9557 1.6114 1.8729 1.7754
12 0.2643  0.4891  0.4967  0.14493 0 L2707 04079 0.7444A 0.7570 1.7300  1.8561  1.8449
13 0.3633  0.4643  0.4939  0.1678 03008 05261 0.7007  0.7894 21790 1.8878  1.6623
14 0.2338  0.4971A 0.3737  0.1735 091 0.4033 0 0.7337A 0.8708  1.3578  1.8625  1.3543
15 02910 0. 4458 0.5466 0. 1981A J276A 0.4821  0.6765  0.8620 1 .4590 1.8763  1.6708
16 0.3644  0.4511  0.6083  0.1609 38D 0.5185 0.6334 09140 2.2677 21382 1.9123
17 0.3942A 04151  0.4736  §.2173A 0.2 0.2684  0.6032A 0.6237 07317  1.8131 1.9119 1.7661
18 0.4126A 0.5010A 0.6659A 0.1864 J3305A 059124 0.7413A 0.9899A 22142 20015 2.0354
19 0.3811A 0.5778A 0.6325  0.1%69 2018 0.5604  0.7669A 0.9321 20413 2.0921  2.2403
Control 0.4155A 0.5127A 0.7029A 0.2059A 0.3359A 0.6112A 0.7449A 1.0259A 2.0373 21177 2.0949
Fovalue 35.64** 22.16%* 28.34** 11.35%*  4.62** 3.02** 41.26%* 17.08** 22.45**

A indicates non-significantly different at 5% significant level compared with control plot by LSD.
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Table 4. Mean contents:%) of phosphorus in needles of the Pinus thunbergii

W ETE el [HRHRe] Bk nlae R

Sample 1-year needle 2-year needle 3-year needle

plots Mean SE Mean SE Mean SE
1 0.2649A 0.006 0.1959 0.005 0.1903 0.006
2 0.2232 0.005 0.1841 0.003 0.1938 0.004
3 0.2440 0.004 0.1982 0.008 0.1911 0.008
4 0.2422 0.005 0.1905 0.005 0.1995 0.004
B) 0.2740A 0.003 0.1990 0.011 0.1824 0.002
6 0.2377 0.016 0.1669 0.004 0.1771 0.002
7 0.2639A 0.023 0.1990 0.004 0.1894 0.005
8 0.2649A 0.002 0.1696 0.002 (.1955 0.006
9 0.2513A 0.002 0.2043 0.008 0.1920 0.003
10 0.2395 0.003 0.1869 0.004 0.1911 0.004
11 0.2549A 0.004 0.2122 0.003 0.2017 0.004
12 0.2486 0.002 0.2025 0.005 0.1850 0.002
13 0.2340 0.013 0.1787 0.012 0.1903 0.006
14 0.2740A 016. 0.2259 0.007 0.1999 0.005
15 0.2513A 0.007 0.2113 0.002 0.1885 0.004
16 0.2377 0.002 0.2043 0.015 0.1868 0.003
17 0.2313 0.005 0.1832 0.002 0.1754 0.002
18 0.2622A 0.004 0.1724 0.006 0.2073A 0.024
19 0.2785A 0.007 0.2086A 0.007 0.2174A 0.006
Control 0.2631A 0.010 0.2096A 0.006 0.2141A 0.019
F value 9.22** 15.95** 15.11**

A indicates non-significantly different at 59 significant level compared with control plot by LSD.

Table 5. Mean concentration(%) of potassium in needles of the Pinus thunbergii

Sample 1-year needle 2-year needle 3-year needle

plots Mean SE Mean SE Mean SE
1 0.1367 0.12 0.6320 0.05 0.7434 0.01
2 0.4646 0.04 0.9552A 0.06 0.5802 0.01
3 0.1849 0.01 0.7344 0.02 0.7572A 0.02
4 0.3748 0.06 0.9057 0.27 0.8549A 0.02
5 0.3825 0.04 0.8795 0.17 0.7542A 0.01
6 0.1024 0.09 0.6193 0.03 0.5428 0.11
7 0.3434 0.33 0.9299A 0.05 0.6592 0.01
8 0.1248 0.29 0.5919 0.04 0.8798A 0.01
9 0.4303 0.05 0.8163 0.04 0.7227 0.01
10 0.5325 0.04 0.9341A 0.03 0.8064A 0.0
11 0.6160A 0.11 1.0351A 0.03 1.0794A 0.02
12 0.5818A 0.39 0.9315A 0.01 0.8290A 0.02
13 0.1467 0.03 0.5568 0.03 0.6634 0.03
14 0.1515 0.05 0.3977 0.02 0.7114A 0.09
15 0.4510 0.14 1.0473A 0.05 0.8716A 0.01
16 0.6870A 0.04 0.9591A 0.17 0.7210 0.01
17 0.5439 0.04 0.7622 0.03 0.8246A 0.01
18 0.6018A 0.06 0.9211A 0.01 0.6500 0.01
19 0.3735 0.11 0.4179 0.04 0.7839A 0.01
Control 0.6216A 0.04 0.9322A 0.09 0.7839 0.07
F value 19.04** 1503.08** 36.18**

A indicates non-significantly different at 5% significant level compared with control plot by LSD.
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Table 6. Mean contents (%)

of calcium in needles of the Pinus thunbergii
£

Sample 1-year needle 2-year needle 3-year needle
plots Mean SE Mean SE Mean SE -
1 0.1879a 0.024 0.2094 0.023 0.4478 0.043
2 0.1362 0.034 0.2220 0.020 0.5005 0.024
3 0.1582 0.027 0.2039 0.026 0.4700 0.025
4 0.1595 0.016 ().2386 0.044 0.5199 0.026
5 0.1881 0.020 (0.2226 0.025 0.4647 0.035
6 0.1693 0.029 0.2318 0.028 0.4432 0.033
7 0.2277 0.024 0.2306 0.032 0.5014 0.027
8 0.2459A 0.033 0.2378 0.033 0.4784 0.026
9 0.1859 0.027 0.2189 0.023 0.5773 0.036
10 0.2253A 0.023 0.2603 (.011 0.6023A 0.015
11 0.2158A 0.026 0.2985A 0.039 0.6073A 0.020
12 0.1999A 0.020 0.2991A 0.027 0.5387 0.019
13 0.2096A 0.045 (0.2248 0.019 0.4990 0.019
14 0.2066A 0.022 0.2983A 0.009 0.5112 0.027
15 0.2385A 0.033 0.2468 0.033 0.6168A 0.035
16 0.2152A 0.041 0.2723 0.026 0.6320A 0.035
17 0.2240A 0.030 0.2861A 0.016 0.6335A 0.028
18 0.2434A 0.049 0.3143A 0.024 0.6343A 0.027
19 0.2265A 0.023 0.2362 0.020 0.5806 0.032
Control 0.2268A 0.022 0.3186A 0.032 0.6310A 0.029
F value 3.23** 5.58** 16 o’/“

A indicates non-significantly different at 5% significant level compared with control plot by LSD.



494 WETH R fmel kel oA #%

Table 7. Mean contents(%) of magnesiun in needles of the Pinwus thunbergii

Sample 1-year needle B 2-year needle 3-year needle

plots Mean SE Mean SE Mean SE L
1 0.2314 0.072 0.2197 (4.035 0.3071 0.019
2 (0.2438A 0.061 0.3492 0.056 0.3081 0.001
3 0.2051 0.037 0.3606 (1.060 0.3345 0.603
4 0.2386A 0.046 0.2546 1.010 0.4015A 0.015
5 0.2391A 0.042 0.3545 0.041 0.3815A 0.016
6 0.2094 0.041 0.2591 0.036 0.3557 0.015
7 0.3311A 0.021 0.3139 0.053 0.3056 0.002
8 0.2262 0.034 0.2317 0.029 0.3182 0.603
9 (0.2381A 0.044 0.3843A 0,045 0.3373 0.003
10 (.2426A 0.021 (.2424 0.055 0.3634 0,004
11 0.2386A 0.014 0.3625 0.024 0.4046A 0.002
12 0.2183 0.032 0.3453 0.032 0.3987A 0.002
13 0.2183 0.036 0.2376 .014 (.3370 0.015
14 0.2405A n.052 0.2164 0.018 0.3200 0.015
15 0.2450A 0.032 0.4015A 0.067 0.3259 0.003
16 0.2491A 0.080 0.3748 0.050 0.3160 0.002
17 0.2453A 0.022 .2252 0.018 0.3231 0.003
18 0.2264 0.034 0.2274 0.039 0.3947A 0.002
19 0.2211 0.032 0.2512 0.018 0.3763A 0.004
Control 0.2491A 0.043 0.3954A 0.060 0.3828A 0.003
F value 28 .82** 152.56** 189.81%*

A indicates non-significantly different at 5% significant level compared with control plet by LSD.

Table 8. Pearson correlation coefficients between elements in needles of Pinus thunbergii

Injury Sulfur  Chloro-  Chloro Total  Cha/Chb Phosph- Potass- Calcium Magnes-

Index phyll 2 phyll b chlorophyll orus ium ium,
Injury 1.0000°
index 0.0 =
Sulfur 0.6966 1.0000
0.0006 0.0
Chlorophyll a -0.8081  -0.7103  1.0000
0.0001 0.0004 0.0
Chlorophyll b -0.4634  -0.4378  0.4683  1.0000
0.0396 0.0936  0.0373 0.0
Total 0.8141  -0.7217  0.9777  0.8374  1.0000
chlorophyll .0001 0.0003  0.000:  0.0025 0.0
Cha,/Chb -0.6963  -0.6298  0.8884  0.0396  0.7863  1.0000
0.0006 0.0029 0.0001  (.8685 0.¢001 0.0
Phosphorus -0.4186  -0.1643  0.4870  0.3185  0.4805  0.3242  1.0000
0.1663 0.4888 0.0294  0.1708  0.0320  0.1632 0.0
Potassium -0.1784  -0.1463  0.217%  0.2101  0.9583  0.1880  0.0400  1.0000
0.4518 0.5383  0.3574  0.3740  0.2715  0.4274 0.8669 0.0
Calcium -0.7214  -0.7129  0.7034  0.3978  0.7162  0.6315  0.2867  0.6210  1.0000
0.0003 0.0004  0.0005  0.0824  0.0004  0.0028  0.2203 0.0035 0.0
Magnesium -0.1056  -0.1009  0.1316  0.1650  0.31597  0.070%  0.2856  0.7130  0.2633  1.0000
0.6578 0.6722  0.3802 04870 0.5013  0.7665  0.2222  0.0004 0.2620 0.0

" Pearson correlation coefficients
2 Prob>F
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Fig. 2. Cluster analysis for 10 variables of the Prnus

thunbergii by Ward's minimum variance method.
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Table 9. Eigenvectors for 10 variables of the Pinus thunbergii by Principal component analysis.

Variable PRIN 1 PRIN 2 PRIN 3 PRIN 4
Injury index -0.3756 0.1439 -(1.0066 (.0160
Sulfur 0.3462 0.1244 0.1735 0.2967
Chlorophyll a 0.4069 0.1569 -0.0120 0.1183
Chlorophyll b 0.2414 0.0594 0.5781 0.5884
Total chlorophyll 0.4109 0.1139 0.1054 0.0408
Chlorophyll a to b 0.3449 -0.1913 -0.2659 0.3635
Phosphorus 0.2144 0.0097 0.5969 {).58382
Potasium 0.173 (.6546 0.2297 -0.0778
Calcium 0.3674 ). 1644 ~0.2630 -00.1283
Magnesium 0.1283 01,6557 0.1113 0.2218
Eigenvalue 5.4132 1.6627 1.0569 0.8907
Proportion 0.5413 ).1663 0.1057 0.0891
Cumulative 0.5413 0.7076 0.8133 0.9024
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Photo. 1. Cross section of needles of the Pinus thunbergii (X 100!
1H : health needle, 11! injured needle
E : part of endodermis, M  part of mesophyll. R resin canal
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