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Evaluation of the Effects of Sulfur Dioxide Gas using the Water-Soluble
Sulfur Content, Photosynthetic Rate and the Visible Injured Index of
Pear(Pyrus serotina) in the Ulsan Industrial Complex Area

Yong-Beom Lee, Ki-Young Choi

Abstract

This study was conducted for the evaluation of air-pollution using pear plant. Twenty-three
sites around the Ulsan Industrial Complex Area were selected for the study.

The water soluble sulfur content, photosynthetic rate and the visible injured index of pear
leaves were evaluated and the results are summarized as follows:

1. Water-soluble sulfur content of pear leaves at survey sites was shown to be an average of
0.201%. The content of their leaves at polluted sites ranged from 0.220 to 0.496%. Water-soluble
sulfur content of the pear leaves decreased as the distance became far from the Industrial
Complex.

2. The photosynthetic rate of pear leaves decreased with an accumulation of water-soluble
sulfur content. However it increased as the distance became greater within the five-kilometer
radius of the pollutant.

3. More than 60% of injured rate was shown in pear plant within the five-kilometer radius of
the pollutant in 1993. There were high correlations between the visible injured index items.
Compared with 1988, the most severely injured sites in 1988 were Yochon-dong and Yaum-dong.
But in 1993, they moved to the Yongcham-dong and Bugok-dong area.

4. Water-soluble sulf-ir content of pear leaves was correlated with the photosynthetic rate of
pear leaves. The same tendency was shown between water-soluble sulfur and total injured index.
This method using pear plant will be applied to the evaluation of air pollution.
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Fig. 1. Location map of survey site around Ulsan Industrial Complex area (1993). The nu-

mbers in the map stand for site number.
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Table 1. Soil chemical properties for each
site around Ulsan Industrial Comp-

lex area.
Site  pH EC Ex. cations(m.e./100g)
No. {(1:5  (mS/cm) K Ca Mg
1 521 0.100 0871 56% 1.051
2 494 0058 0832 1716 0626
3 649 0.059 1466 9.341 1957
4 A74 0.086 2170 4067 0.585
5 4.79 0.0 1.903 3585 0930
6 435 0045 1.083 0.769 0.226
7 509 0.057 1635 4049 0.753
8 446 0076 1422 1071 0320
9 540 0.109 1782 8609 1773
10 398 0.194 1842 1588 0640
11 525 0.100 2899 9752 1615
12 469 0.121 2712 5029 1.906
13 538 0.116 3.780 12543 4704

—
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468 0.59% 2926 2121 0832
3.30 0628 3224 10580 1451
5.31 0043 2926 2121 0832
5.62 0097 4383 10302 1370
483 0.160 2.370 5990 0675
587 0.203 2219 11807 1177
467 0091 0.549 3027 0926
21 487 0.165 1.355 7.606 1712
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Table 2. Mineral nutrient content of pear
leaves for each site in 1993.

Table 3. Water-soluble sulfur content of pear
leaves for each site in 1993.

Site K Ca Mg Site  Water soluble  Site  Water soluble
No. (%) (%) (%) No. sulfur(%) No. sulfur(%)
1 2.354 0.988 0.160 1 0433 13 0.146
2 2.113 0.989 0311 2 0.282 14 0.043
3 2.347 1.485 0.467 3 0.355 15 0.019
4 2.444 0926 0.151 4 0.134 16 0079
5 2.601 1.076 0.137 5 0.354 17 0.110
6 1.870 1414 0.335 6 0.460 18 0.208
7 1.924 0932 0.123 7 0.378 19 0.045
8 1678 1013 0211 8 0.496 20 0.054
9 1.706 0.836 0.445 9 0.406 21 0.044

10 2.322 1.004 0.370 10 0.220 22 0.038

11 2317 0.979 0.309 11 0.153 23 0.027

12 1.830 0.894 0.206 12 0.147

13 2.015 0.999 0.309 Mean 02012 0.16

14 2.113 0.910 0.209 Max. 0496

15 2.309 0.860 0.142 Min, 0019

16 2.019 1.155 0.121

17 2415 0.760 0.194

18 1.341 0.922 0.339 S05) e

19 1.853 1426 0.150 . 04 .t

.20 2.098 0.712 0.262 3, ¢ L
21 2.114 0510 0.185 ot f;&fgf(ggg%%’f)
22 2.839 1.062 0.154 g0 L7

23 2.208 1.029 0.223 Lo * .

5] . . . ° .,

Mean 2123+033 0964+022 02404 0.102 =0 — - -
Max. 2.839 1.485 0.467 Distance (km)
Min. 1341 0510 0.121
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Fig. 2. Water soluble sulfur content of pear
leaves according to the distance from
Industrial Complex to the survey sites.
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Table 4. Photosynthetic rate(Pn) of pear lea-
ves for each site in 1993(photon
flux density was 643~1936umol/m?/
s, leaf temperature was 22.3~28.5

(Unit:%)

Table 3. Water-soluble sulfur content of pear
leaves for each site in 1993.

°C)
Site Pn Site Pn
No. (umol/m?/s) No. (umol/m¥/s)
1 -2 13 3.450
2 2.899 14 5.348
3 - 15 7413
4 3.766 16 4071
5 - 17 4.726
6 - 18 -
7 1.661 19 -
8 - 20 4,663
9 - 21 6.031
10 - 22 -
11 1.862 23 —
12 3.649 ’

? ! missing data.
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Fig. 4. Relationship between photosynthetic
rate and water soluble sulfur content
of pear leaves(pi on flux density
was 643~ 1936umoi/m?/s, leaf tempe-
rature was 22.3~28.5°C)
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Fig. 5. Photosynthetic rate of pear leaves ac-
ccording to the distance from Indust-
rial Complex to the survey sites(pho-
ton flux density was 643~1936umol/
m?/s, leaf temperature was 22.3~28.5
°C)

ole 29WiEde FAHAANE FHez Wi
5km olUleldE @AM Agrt HojAe wet
A4HQ BFAEEE BP o, 5kmE Hold A
AREHE d71eddd o Ao ax gL A
o2 Jeiged, oge Aste Agdd oOE
T84 & FF(2Y 2)A dojzl A dX3
Arh

4. LR el msf x|

19939 108 &4 3TAHY whvsel wid
Js= AFE 2t 2ATER FHAS BRELE
TR e WY, 95 398, ANLE, A
& 55 A 2R 5), 2ATY v Y
veid $42 EAAA vehd F47 fAbekd
B EhE FRA e EANE BATH
ZAFE XA YR meh Azl ol A

o
E 4 Ae o, olv dPITAAA YEe ¥



F &g 84 § g FRAEE, AFEE 284S o4 EAFEAY olEATtE 9% Hyp 151

Table 5. Injured index of pear plant for each site in 1993.

Site Current shoot Fruit bearing branch Tree Shoot Total
No. oaf dis Leaf de Defoliar Destroyed Leaf dis Leaf de Defoiar- Destroyed S8 gowth” injured

coloration paupera- tion rate leaf area oloration paupera- tion rate leaf area index
tion rate tion rate

1 3 3 4 5 3 3 4 5 5 1 36
2 5 4 4 4 4 1 1 3 5 4 35
3 5 3 4 5 3 1 4 5 3 3 36
4 5 3 4 5 5 1 2 3 2 2 2
5 5 5 5 5 3 1 3 3 5 2 36
6 5 5 4 4 3 3 2 4 4 5 39
7 5 3 4 5 5 1 3 5 2 2 3%
8 5 3 5 5 5 1 5 5 4 3 41
9 5 3 4 5 5 1 4 5 3 4 39
10 1 0 1 2 2 0 1 4 1 1 13
1 2 1 1 2 1 0 1. 1 1 2 12
12 5° 1 3 5 3 1 2 4 3 1 28
13 5 3 3 5 5 1 1 4 4 2 30
14 4 3 3 4 3 1 2 4 1 1 25
15 4 2 4 5 4 2 2 4 0 1 28
16 4 2 3 5 5 1 3 5 2 1 31
17 5 3 4 5 3 1 3 4 0 1 32
18 5 1 5 5 4 1 1 4 0 1 26
19 4 1 4 5 3 1 2 5 0 1 26
20 1 1 1 2 1 1 1 2 0 1 1
21 2 0 1 2 1 0 1 1 2 1 1
22 2 0 1 2 1 0 0 1 3 1 1
2 3 0 1 3 3 0 1 3 0 1 14

The extent of the damage is divided into five levels : 0(No damage)~5(Severe damage)
D2 Shoot growth is (1) : above 6lcm, (2) : 51~60cm, (3) : 41~50cm, (4) @ 31~40cm, (5) : below 30cm.
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Table 6. Correlation coefficients between each injured index of pear plant in 1993.

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
X2 .703**
X3 845%  813**
X4 880** 605+ .887**
X5 J77* B13** 700** 815
X6 404*  634**  620** 545" 328
X7 506**  542%*  734**  663** 513%™ 442¢
X8 586%*  410%  .684**  788%* 713**  512*  714**
X9 .280 523%*  424* 193 157 .365 A413* 112
X10 477*  666** 452* 198 330 334 311 .189 .595**
X11  .852**  847**  942%*  857** 767** 655  .768** .735**  550**  GO8**
1 : leaf discoloration of current shoot
2 . leaf depauperation of current shoot
3 . leaf defoliation ratio of current shoot
4 destroyed leaf area rate of current shoot
5 . leaf discoloration of bearing branch
6 . leaf depauperation of bearing branch
7 . defoliation ratio of bearing branch
8  destroyed leaf area rate of bearing branch
9 ! tree strength 10 : degree of shoot growth 11 : total injured index
Rt FA Az JRgade FEgdol AFHA 45 .
st ol @ Az P(1992)2, A F9, A(19 5 el .oel
92)Wo] 3@ FWY £50) U AFHE A5 ol e
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the Zidgs dAHAT i: ?g . Y=17.779+ 46.442X
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Water soluble sufur(%)
Fig. 6. Relationship between total injured in-
dex and water soluble sulfur content
of pear leaves.
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Table 7. Correlation coefficients between each injured index and water soluble
sulfur content of pear leaves in 1993.

X1 X2 X3 X4 X5

X6 X7 X8 X9 X10

A31*  643*  590*  378*  366*

AT4*™ 661**  4TO** 720%*  706*

: leaf discolorationof current shoot
* leaf depauperation of current shoot

. leaf discoloration of bearing branch

. defoliation ratio of bearing branch

O 00~ D W N

* tree strength

(Unit:%6)

(Unit%)

* leaf defoliation ratio of current shoot
. destroyed leaf area rate of current shoot

" leaf depauperation of bearing branch

. destroyed leaf area rate of bearing branch
10 © degree of shoot growth

Fig. 7. Isoquant contour lines of injured in-
dex of pear leaves for each site in
1988 and 1993.
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