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Measurement of Tree Health of Zelkova serrata Makino Planted as a
Shade Tree in Major Cities and Its Use for Estimation of Air Pollution
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Summary

This study was conducted to measure shade tree health in major cities and to test the
possibility of using the health data to indirectly estimate status of air pollution in the same
areas. Zelkova serrata Makino planted as a shade tree in six largest cities and three
industrial complexes was measured in mid August for growth increment, visible leaf damage,
bark pH, chlorophyll and B -carotene contents, and tree vitality. The results were compared
with those of healthy trees in three mountain areas as a control. Chlorophyll and £ -carotene
were extracted in dimethyl sulphoxide solution and quantified by spectrophotometry, while tree
vitality was estimated by measuring electrical resistance in the cambium using Shigometer.

Growth parameters such as new shoot length, number of leaves, or width of annual rings
varied widely in various locations. Visible leaf damage was observed in most of the sites
except mountain areas, with heaviest damage in industrial complexes. Chlorophyll and B8
—-carotene contents, bark pH, and tree vitality were lower in siXx major cities and lowest in
industrial complexes, compared to those in mountain areas. Tree vitality was positively
correlated with chlorophyll(r220.58) and B -carotene content(r’=0.55), and negatively correlated
with degree of leaf damage. Tree health can be estimated most successfully by combining
data on visible leaf damage, chlorophyll and B -carotene contents and electrical resistance.

Among the 19 sites surveyed in Seoul metropolitan areas, west side of Kangnam(south of
River Han) where Kuro and Yongdungpo industrial complexes were located showed lowest
tree health and Kangnam showed lower tree health than Kangpuk{(north of River Han). It is
concluded that Zelkova serrata trees are sensitive to air pollution and can be used as a

bioindicator to indirectly monitor air pollution status in large cities and industrial complexes.

Key wards : Zelkova serrata, Air Pollution, Tree Health, Shade Trees, Bioindicator.
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Table 1. Mean values of growth parameters in three zones in nation-wide survey.

Shoot Internode ) Ring width of
Leaf size(mn') |No. of leaves
Zones length(mm) | length(mm) last 5 years(cm)
mean | SD |mean| SD |mean| SD mean SD mean SD
Industrial complex| 59.9 | 235 | 137 | 65 |2355| 980.3 6.0 1.4 2.3 0.6
{ __ Metropolis 977 1516213 ) 11.1 [2920}15748 | 7.6 2.1 2.7 0.6
L Mountains 905 [ 354|243 | 81 {3001 1438.6 79 | 19 3.1 1.1
F value 14.22" 1817 3.45 16.54" 5.42

* indicate significance at 1% level

2. Aol "WRK #E

Table 201 A= g 4oz Z=AE A9 AAA sl AoE Jebd Zelch 7pAA = o)
272 HAE WA, W NS AAF LE Al BAHYo, FUAGeAE
AA gMo Wagol Tehd gule Y BHBY 4 YATh £ A ANE FHo
2w WAz 84 BPFel BadAnh
Table 29 el R P27 199 ARG L AN QAGolA AN A Haish B
Ror, WEA Mg FeE P @AM BRe WAse] ddem FoH el
1T Aol 4 AAF gMoE WA U Table 39) HEANARAINE FRFG
o) Ao o AA WAH JolA A A AaE rwen, T vl FEEA, A
FEsl, AAAEY, FHY S Falsk F3a HATh AL dAelM Baold M
Age) Ashst g Hom, 2 heoz @geld FEAGA szt el ARAGe 7
gAGuct Jairk Ao e, 53 13 ule mgHuRis sad Fstd

3. M RYE BT
Table 29 Vel AP F3jo MAEE 2 ZARE EA4FH Fo40] AAHT U}, =

..4_



of

S3E M

sjof & Zolth

Table 2. Visible injury, bark pH, chlorophyll,
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Zelkova serrata in 12 sites in a nation-wide survey.
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B -carotene contents, and tree vitality

] FEAGelA AAY F3= B NGuct AEsh 5 pH 4998 BAFD on], EXAY
Arebx ol M pH 558 vtebinh Zelu 2AbZIE Fekel A Aol 7155 4BA %
9 ool ol 7 Fol AAHAUL
02 #3 UEE &3

of

f o Electrical Overall
1 i Visible Chlorophyll| 8 -carotene i
| Zone Site o Bark pH Resistance* Health
| injury (mg/g) (mg/g)
i (k@) grade
Yeocheon 2.0 4.89 2.74 1.51 6.8 3.3
Industry | Ulsan 2.0 5.08 2.85 1.52 84 33
complex Onsan 2.0 5.01 2.57 1.43 17.4 3.0
Average 2.0 4.99+0.33 | 270*£1.06 | 1.48%£0.43 11.0*=8.3 3.2
Seoul 3.0 5.30 3.09 1.61 11.2 3.7
Incheon 3.0 5.70 2.57 1.43 71 3.3
; Daejeon 2.7 5.95 3.30 1.65 116 3.3
Metropolis| Kwangju 2.7 5.49 3.08 1.63 49 3.7
Pusan 2.0 497 2.21 1.24 9.2 3.0
Daegu | 23 | 560 0292 | 188 | 129 3.0
Average 2.6 550%£049 | 286*=0.82 | 1.52£0.35 95+5.3 3.3
Jirisan 47 5.77 4.38 2.04 6.5 4.7
. |Paekunsan 5.0 5.39 4.48 2.08 58 5.0
Mountain
: Weolaksan 5.0 5.35 4.16 2.04 7.2, 5.0
Average 49 550x0.51 | 434F0.84 | 2.05%£0.20 6.5+2.6 4.9

* Electrical resistance shows negative correlation with tree vitality.
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Table 3. Visible injury, chlorophyll, 8 -carotene contents and tree vitality of Zelkova serrata
in 19 sites in Seoul metropolitan area survey. Refer to Table 2 for control site(mountain
zone).

. Electrical Overall
) Visible | Chlorophyll B -carotene .
Zone Site Name Resistance Health
injury (mg/g) (mg/g)
(kQ) grade
T 4 237 1.48 49 4
EIRA= s 4 3.10 1.84 7.3 4
AFEssle 2 2.98 0.96 91 3
A <F 7 3 332 212 5.8 4
B3 4 5.94 1.38 5.6 ! 4
"% g 4 658 | 152 48 | 4
o 35 3.86+1.77 1.57*£0.54 65+2.1 3.8
A 3 3.71 0.93 5.9 3
sge sa| T 4 413 1.32 | - 4 '
FAbEA % 4 428 | 2.65 41 5
3 3.7 4.05*£1.16 1.59+0.80 . 50*14 4.0
THEA Y 3 3.10 1.66 ‘ 6.5 4
spopyg | MRS 2 2.75 1.60 ‘ - 2
(52) MAE 3 2.45 1.36 ! 22.0 3
el =3 2 2.39 1.05 - 2
- B¢ 25 | 271+068 144027 | 143+95 | 2.8
BH1E 3 3.21 1.38 3.3 | 3
ER= Y R 3 4.14 1.06 4.8 3
a7 |
g 7pol FE2EG 1 2.72 0.99 13.2 ; 2
qmy | BEES 2 1.97 1.34 14.2 3
SRS 2 3.03 0.94 9.5 3
! Sl w 3 3.73 1.82 10.3 4
o B b 23 | 3.08%£1.26 | 123052 | 103*45 33

Table 4. Correlation coefficients(r?) between tree vitality(Y) and growth rate(X:), chlorophyll
content(X2), and B -carotene content(X3) in nation—-wide and Seoul survey.

Survey Y Xy Xz X3 |
category Tree vitality Growth rate Chlorophyll content | 8 ~carotene content
. Nation ~wide | | = 044 032 03
Seoul area Not-measured 0.58 | 0.55
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Table 5. Scoring scheme for carotenoid, chlorophyll and tree vitality

Score B —carotene(mg/g) Chlorophyll(mg/g) Tree vitality(k2)
1 <0.96 <2.26 >20
2 0.96~1.32 2.26~3.44 20~15
3 1.32~1.67 3.44~4.62 15~10
4 | 1.67~2.03 ! .. ~462~580 | ~_10~5 |
5 >2.03 >5.80 <5

Table 6. Overall health grade based on scores in Table 5 and visible injury in Table 2.

Overall health grade Score range Interpretation
5 ‘ 16~20 very healthy
4 12~16 acceptable health
3 __8~12 noticeable problems in health
2 _ 4-~8 remarkable problems in health
{ 1 ~4 serious problems in health

9le] 71%&& o] &3l veld A= Table 2, 32] £ 87 S (overall health grade)ol} )
Atk AFEAM A E FAAHAGA A4, #EAE, Hetitel 8o st wrjL gl 9
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o Z FEIAUC AR o2 FIAde] FEAGEYG LFGHI ¥ Ao, FEe 13U
=EJURE Blwd B7Etdnt. Figo 10 M=) 2878, 18l Fig. 20 A &A)e T84t
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Fig 1. Overall health grade of Zelkova serrata trees in 6 largest cities, 3 industrial
complexes, and 3 mountain areas(control) in a nation-wide survey made in mid August, 1995,

Grade Lnterpretation
5 very healthy
4 acceptable henlth
3 noticeable problems in heslth
2 remarkable problems in health
1 secious it in hoaith
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Fig 2. Overall health grade of Zelkova serrata trees in 19 sites of Seoul in

survey made in mid August, 1995.
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