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Abstract

The study was performed to select a adaptable tree species under stressed field conditions
where there are a industrial plants operating with a number of smoke stacks emitting
pollutants, such as hydrogen fluoride and sulfur dioxide. As a result of the study, a tree species
selected are due to construct a forest belt in a zones near industrial plants to reduce the
concentrations of air pollutants.

The concentrations of atmospheric hydrogen fluoride and sulfur dioxide were very higher at
experimental sites near industrial plants (air-pollution sites) than at control site. The leaves of
7 tree species grown at air pollution sites contained more sulfur and, specially, fluorine than
at those control site. Among the tested tree species, Ligustrum japonicum Thunb. and
Euonymus japonica Thunb. grown at air pollution sites did not at all break out a foliar injury
but appeared to be healthy, as well as those grown at control site. Acer pseudo-sieboldianum
Kom., Pinus virginiana Mill., Larix leplolepis Gordon., Pinus koraiensis Sieb. et Zucc., Pinus
strobus L., Picea abies Karst and Ligustrum obtusifolium Sieb. et Zucc., however, showed a
severe fluoride-type foliar injury such as necrosis on tip or margin of leaves, etc. Fluorine
found in leaves was proved to be correlated to sulfur found in leaves whereas index of foliar
injury hadn’t a good correlation to pollutants found in leaves.

It appears that Euonvmus japonica Thunb., Ligustrum japonica Thunb., Platanus acerifolia
Willd, Chamaecyparis pisifera Endl., Populus tomentiglandulosa T. Lee and Sophora japonica L.
grown at both experimental sites had a high value of percent survival whereas Pinus vir-
ginitana Mil]., Pinus koraiensis Sib. et Zucc., Koelreuteria paniculata Laxm. and Alnus hirsuta
Rupr. had an extremely low value of that.

In comparison with control site, the percent tree height increments in Chamaecyparis pisifera
Endl., Ligustrum japonicum Thunb., Quercus acutissima Carruth., Populus tomentiglandulosa T.
Lee, Pinus thunbergii Parl and Euonymus japonica Thunb. and the percent upmost root
diameters in Populus tomentiglandulosa T. Lee, Chamaecyparis pisifera Endl., Evonymus japon-
ica Thunb., Ligustrum japonicum Thunb., Betula platyphylla var. japonica Hara and Pinus
thunbergii Parl. cultivated at air polluted sites showed very high value above 90%, respective-
ly. A significant negative correlation (r= —0.662) was recognized between the index of foliage
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injury and the percent collective character, which was the mean of tree characters such as

percent survival, percent tree height increment and percent upmost root diameter increment
which compared to those at air polluted site with those at control site.

Based on the percent collective character Ligustrum japonicum Thunb., Evonymus japonica
Thunb., Chamaecyparis pisifera Endl., Populus tomentiglandlosa T. Lee, Betula platyphylla var.
japonica Hara and Platanus occidentalis L. have large value about 90%, respectively. There-
fore, the results indicate that this tree species are adaptable species in air polluted regions. For
better understanding of the adaptable tree species, furthur studies concerning the effects of
various air pollutants on the tree growth are required.

L& &

FEEE TREMl Ak AEse AEEEe
2 olall we okol kEHUYMol Hetisl o TEM
RFli&e) Byt o R AmEES aA
BiLAlA Eppel EEMETE S0 (A
. 1987 ; Al-ul] S 1089) ol R E Z &
FFERFe B £5 girh weld TEEMESe X
FARES o 4 e LR dglew KK
Hidpe BEFRES o RS EEA A BEN
ol KRB ERTRCRS 82l KRB
ol BYRE 7t S 7 & BN kel #
S8 HARQ HEEA BACl ks 2 e d%
fiifE-S elvel T¥EmE s b 23 kE
By s go) 7ha w2 AL T EEE Y o) (B
FEXE 5, 1989) BiMKHE EX 7 HuRol K shed
o] Hugioll 713 @Ml £ BifES BRI 2 A
Bkt ®mt obu el M T B Higol e AR
Hi BEME W BT BPE-S o) &3 BN B
o2 THEEH HEY AERFREES EKTAF 2
o] BErais W R £iERE WES FEde
o o EEENe) Mk d3te® KBRS &
173k o,

2. ¥t A Fik

2.1 WMEGH R hisg

KRG Yettuid ORI R i) REREEe 5
T @Ml AfEd &iE EX¥w=e fhiisle
KREGRS Brheyd HES U3, TERASME
»OEHTR BT gl FHE Aoz flEsEE
Rl dE BIE e E2 Al Esiled,
AFEFGRS RS IR S RRGYHE ik
BfEflrel vlssdt RIUES wAEm vAkele] Bl
HE BRRESS &EI KEGRME = oF

150m A ez 349 BERESS HEL, HE
Hutgioll = 1709 HEESES F&Ech

BHESS TEEHS 19 ol EAEE
oV HeHY RS KRG M HEM
el F #7F glolod, BFETET KREFY MR
oA oA EHe f@EmS Rolorl Hansen et al.
(1958) %+ Wellburn(1988) ofl o]l kel a2
B3l #FEY Bike Ao BESA oz 39
2, & 'EEelA ME" 260~490 ppme| #H#
RS HAKES tHho &ESl 20~500 ppm
#EWo) glo =2 (Wellburn, 1988) +HE3e] s
of o3& vF-o AFRES Eh HESERY Eo
1S Ao fillve ot

z0

2.2 fEHE

HEH R W B W 3 29 23,
AL 19884 49 59 & EEER) BiFEN 104
(K8 404 | REEY KBES 304k, HRERELYS
104)% KEHYe] BES 53 UEF 517 9
3ted Al 1me] MEERE gt
2.3 MEHE

FER A =T 5HEE 10A7HR 5Ele] 2+ A
1md A 1587 @RSl ow, HEL5,6,7,8,
10A 72 Aol A A 1A £ FsLiel
ol =5 AR EiE S BRo s @Fmsligch
oy WARREMERSE 5,6,7,8H] A 1M
fin FPE H— Rl FAEIIG e, WAEHES
T Ko MERES 10%, 20%, , 100%
2 Baste] obg ikl oste] "EsIgch

R ENE = (1X10% WEEH+2X20% HESE
Bt +10X100% #EF) / 2HBEK

KEF L FRdgiZal SOxvt F+= fiEdiefe] &%
Bitee ##ErF 2TE 108 7= 7hlel A
B BEE AIESIY ow, ftpisdl HideiEel X
N E Y BRESES 1089 @k T8 10 Rl
slgov], K HdeiEe] SibiEe & 33
o},



KEF Y BE B Rkl M HRE 57
Table 1. Chemical properties of experimental soil.
Site pH OM T-N T-P  K,Os S Mg C As Cu Fe F
(%) (%) (ppm) (%) (ppm) (ppm) (ppm) (ppm) {(ppm) (ppm) (ppm)
P 4.17 11.2  0.290 199 0.12 262 770 1.05 0.48 4.39 1.70 490
C 4.66 10.3  0.164 113 0.16 213 803 1.30 0.57 4.08 2.48 260

P Pollution site
C : Control site

Table 2. Experimental tree species.
No. Seedling age Korean name Botanical name
(years)
1 2 2z F v % Koelveuteria paniculata Laxm.
2 2 B! v} = Celtis sinensis Pers.
3 2 v} ct £ Acer pseudo-sieboldianum Kom
4 2 ok W & W % Platanus occidentalis L.
5 1 2} 2+ 1} 5 Betula platyphyila var. japonica Hara
6 2 3] 3t v ¥ Sophora japonica L.
7 2 =} = v T+ Albizzia julibrissim Durazz
8 2 Z Z Z 9 V) ¥ Pierocana stenoptera DC.
9 3 Z A ¥ A4 F Amorpha fruticosa L.
10 2 Ed v} + Pinus densiflora Sieb. et Zucc.
11 2 = < Pinus thunbergii Parl.
12 2 g 7] o &£ Y % Pinus rigida Mill.
13 2 v 2 W o} £ v+ Pinus virginiana Mill.
14 2 o &2 9 72 o F  Larix leptolepis (Sieb. et Zucc.) Gordon
15 2 2 v = Pinus koraiensis Sieb. et Zucc.
16 3 A E 2 8 2} & Pinus strobus L.
17 3 %= 9o s} & w  Picea abies (L) Karst
18 3 3} ul Chamaecyparis pisifera (Sieb. et Zucc.) Endl.
19 2 Ao+ g v F Quercus acutissima Carruth
20 2 = L3 = 2 Ligustrum obtusifolium Sieb. et Zucc.
21 1 A 9 2 b4 % Alnus hiruta (Spach) Rupr.
22 3 A} el v = Enonymus japonica Thunb.
23 1 ol 7 A v F Robinia psendo-acacia L.
24 3 ul v 2 Prunus sargentii Rehder
25 1 & A} A Populus alba X Populus glandulosa
26 3 b v} 2 Ligustrum japonicum Thunb.
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Table 3. Analytical method of pollutants in tree leaves and air.
Item Method Description
S (leaf) g:tlél:rrr;inator Sample ViOs Determinator
F (leaf) Electrode Sample+ Na,CO;Soln. — Dry & Ignite — NaOH Fusion
Dissolve in H,O steam Distillation oA 5.0~55 Ion Meter
Sox (air) Colorimetry SOy absorbed in KCO; paper: Color developed with barium chloranil
(30 days} acid —— Spectrophotometer at wavelength, 530 nm
F (air) Lime Treated F absorbed in CaO paper — Ignition for 5 hrs at 550°C
Filter P istrillati
Technique Dissolve in H,0 D‘Sggllzm’“ until 200 ml— Distillate +Al-
4
(30 days) izarin complexon, La(NOQOs); — Spectrophotometer at wavelength
620 nm.
Table 4. Variation in ambient concentrations of pollutants of the sites investigated during growth stage.
Pollutants Site Apr. May June July Aug. Sep. Oct. Mean
P-1 1.14 0.47 0.71 0.78 0.41 0.18 0.29 0.57(2.11)
S0, P-2 1.08 0.82 0.97 1.15 0.66 0.11 0.23 0.72(2.67)
(mg/100 cm?/day) P-3 1.29 0.7 0.40 0.75 0.47 0.23 0.24 0.58(2.15)
Mean 1.17 0.66 0.69 0.89 0.51 0.17 0.25 0.62(2.30)
Control 0.14 0.16 0.39 0.29 0.23 0.29 0.38 0.27(1.00)
P-1 14.43 8.06 2.22 7.80 6.64 7.11 2.59 6.98(2.87)
F P-2 36.45 15.40 7.12 12.92  10.31 10.07 6.73 14.14(5.82)
(ng/50 cm?/day) P-3 44 .65 9.81 8.48 16.52  12.46 9.88 459 15.20(6.26)
Mean 31.84 11.09 5.94 12.41 9.80 9.02 4.64 12.11(4.98)
Control 4.31 1.05 2.43 0.32 4.22 3.27 1.41 2.43(1.00)

P-1, P-2, P-3 . Plot 1, 2 and 3 of pollution site.
Numerals in parentheses are relative values to control (1.00).
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Table 5. Variation in index of foliage injury in vari-
ous tree species at pollution sites.

Index of foliage injury

Species
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July

Aug.

Mean
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Table 6. Sulfur and Fluorine contents in leaves and index of foliage injury at pollution sites in 7-tree species.

Pollutants

Sulfur in leaves (%)

Fluorine in leaves (ppm)

Sites Foliage

Species Control  Pollution P-C (P/C) Control  Pollution P-C (P/O) 1mury
4 0.259 0.889 0.630(3.43) 38 665 627(17.50) 5.9
5 0.146 0.440 0.294(3.01) 14 327 313(23.36) 2.4
16 0.154 0.226 0.072(1.47) 17 188 171(11.06) 7.3
18 0.167 0.193 0.026(1.16) 18 171 153( 9.50) 1.3
22 0.112 0.407 0.295(3.63) 20 319 299(15.95) 0.0
25 0.241 0.729 0.488(3.03) 34 775 741(22.79) 2.1
26 0.149 0.317 0.168(2.13) 16 207 191(12.94) 0.0

P-C : Pollutant contents of pollution site-those of control site.

(P-C) : Numerals in parentheses are relative values to control (1.00).

Numerals identifying the species are the same as in Table 2.
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Correlation coefficient among pollution indicators in 7-tree species.

Sulfur in leaves

Fluorine in leaves Foli
oliage

Pollution

indicators Sites Pollution pP-C

Control Pollution P-C injury

0.815* 0.724

0.990**

Sulfur in Control

leaves Pollution
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Fluorine Control

inleaves  poj1ition
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0.906™*
0.855"

0.836*

0.913**
0.919**
0.914*"

0.830"

0.943**
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* © Significance at the 5% level
** [ Significance at the 1% level
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Fig. 1.

Variation in percent survival in various tree species at pollution (A) and control (O) sites. Numeral

identifying the species are the same as in Table 2.
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Fig. 2.

Variation in percent tree height increment from 5 April 1988 to 15 October 1988 in various tree species

at pollution (A) and control (0) sites. Symbols are the same as in Table 2.
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Variation in percent upmost root diameter increment from 5 April 1988 to 15 October 1988 in various tree

species at pollution (A) and control (0) sites. Symbols are the same as in Table 2.
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Table 8. Correlation coefficient among index of foli-
age injury and various growth characters
(n=26).
1% % %h % uprgost
Factors collective ? tree ht. root dia.
characters survival increment increment
Index of
foliage —0.662** —0.500** —0.523** —0.573**
index
% . . ns *
survival 0.273 0.450
%
tree ht. — — — 0.726**
increment
* ** . Significance at the 5%, 1% levels, respec-

tively
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Fig. 4. Variation in percent collective characters and growth characters such as percent survival (PA, 8d),

percent tree height increment (PHL, ¥) and percent upmost root diameter increment (PRI, (1) cdmpared
pollution sites with control sites in various tree species. Numerals identifying the species are the same

as in Table 2.
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