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Abstract: With increasing anthropogenic emission sources, air pollutants are emerging as a severe environmental
problem worldwide. Accordingly, the importance of landscape trees is emerging as a potential solution to reduce air
pollutants, especially in urban areas. This study quantified and compared NO, and SO, reduction abilities of ten major
landscape tree species and analyzed the relationship between reduction ability and physiological and morphological
characteristics. The results showed NO, reduction per leaf area was greatest in Cornus officinalis (19.81 + 3.84 ng
em? hr') and lowest in Pinus strobus (1.51 £ 0.81 ng cm? hr'). In addition, NO, reduction by broadleaf species
(14.72 + 1.32 ng ecm™ hr'') was 3.1-times greater than needleleaf species (4.68 + 1.26 ng cm”hr’'; P < 0.001). Further,
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SO, reduction per leaf area was greatest in Zelkova serrata (70.04 £ 7.74 ng cm™ hr') and lowest in Pinus strobus
(4.79 + 1.02 ng cm™ hr'"). Similarly, SO, reduction by broadleaf species (44.21 + 5.01 ng cm™ hr') was 3.9-times
greater than needleleaf species (11.47 + 3.03 ng cm? hr'; P < 0.001). Correlation analysis revealed differences in
NO, reduction was best explained by chlorophyll b content (R* = 0.671, P = 0.003) and SO, reduction was best de-
scribed by SLA and length of margin per leaf area (R* = 0.456, P = 0.032 and R* = 0.437, P = 0.001, R*= 0.872,
P < 0.001, respectively). In summary, the ability of trees to reduce air pollutants was related to photosynthesis, evapo-
transpiration, stomatal conductance, and leaf thickness. These findings highlight effective reduction of air pollutants
by landscaping trees requires comprehensively analyzing physiological and morphological species characteristics.

Key words: photosynthesis, transpiration, chlorophyll content, specific leaf area, length of margin per leaf area
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Figure 1. Schematic diagram of the air pollutant generator and
the acrylic mixture chamber. The initial concentration of air
pollutants was set by adjusting the connected gas cylinder and
flow meter. The gas analyzer was used to record the concentration
of air pollutants in the chamber at one-minute intervals.
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Table 1. Amount of gas reduction and total leaf area of ten species under two gas types. Results shown below are correlation
analysis between amount of SO,, NO, reduction (ppm) and TLA.

Species Gas types Amount of Gas Reduction (ppm) Total Leaf Area (cm?)
Cornus NO, 0.022 £+ 0.0019 589.72 + 90.16
officinalis SO, 0.0385 + 0.0117 625.9 + 54.4
Euonymus NO, 0.0415 + 0.0022 1702.99 = 434.54
alatus SO, 0.0606 + 0.001 1121.38 + 142.74
Ginkgo NO, 0.0154 £ 0.0038 102633 + 138.22
biloba SO, 0.0522 + 0.0105 1547.71 + 442.63
Lagerstroemia NO, 0.0226 + 0.0044 712.81 + 145.14
indica SO, 0.0574 + 0.0093 697.48 + 81.87
Prunus X NO, 0.0278 + 0.0022 899.65 + 144.08
yedoensis SO, 0.0301 + 0.0058 1045.52 + 151.39
Weigela NO, 0.0368 = 0.0002 1801.41 = 589.17
florida SO, 0.0459 + 0.0037 2791.01 + 454.62
Zelkova NO, 0.0141 + 0.0016 496.2 + 84.95
serrata SO, 0.0427 + 0.0075 514.67 + 41.02
Pinus NO, 0.0295 + 0.0101 1598.35 + 301.44
densiflora SO, 0.0785 + 0.021 6685.52 + 856.77
Pinus NO, 0.02 + 0.0111 6591.67 + 397.68
strobus SO, 0.0553 + 0.0121 10172.64 + 1279.55
Pinus NO, 0.0374 + 0.0005 5111.61 + 766.66
thunbergii SO, 0.0627 + 0.0079 3690.92 + 1141.98
Gas types P
NO, 0.335
S0, 0.317

Data are represented as mean =+ standard error (SE).
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= % 7P a5 Al A8 a9 b, 7HRERO|E
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Folwe viguret FHUF d54 o S 4
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WL, Aol A& AERHANRSL #E59 54 a
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T IRt o LU AE Holn, JE4 a Tl H
3 52 NO, A7 Hof e oA } Ue Aew

UERITHR?= 0.671, P = 0.003, Figure 3b). gJH A NO,
Aol B Aot HHELPTA FE=4a b f‘é}%t% F
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Ak 4=tl(Table 2), o]= SO,9| FaF& T2 52 7]
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1980; Kimmerer & Kozlowski, 1981). 919 =4 ul1j=
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o= dojd 4= It (Mansfield and Freer-Smith, 1984).
T3 7] 59 #4f 282 NO, R} SO0 o RzHaHA
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Table 2. Summary of correlation analysis between physiological and morphological characteristics with RNO; 1., RSO; 1. at the

species and individual tree levels.

NO, SO,
R? P R? P
Chl a 0.328 0.083 0.034 0.605
Chl b 0.671 0.003** 0.229 0.161
Chl a+b 0.61 0.007** 0.112 0.342
Carotenoid 0.575 0.01* 0.035 0.6
SLA 0.385 0.055 0.456 < 0.001%**
MLy Broad 0.211 0.036* 0.437 0.001**
Needle 0.489 0.035* 0.872 < 0.00]%**

The significance level represented by the abbreviations. *, P < 0.05; ** P < 0.01; *** P < 0.001.

3. #3E NO; ¥ S0, MZSE| x0|Z 7ML= HElH
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Figure 4a), W2 NO, AZeFo] W vighiel =g
5ol SLA: 7HzF 34.97 + 0.84 m® kg, 30.82 + 2.22
m’ kg' 2 &7 epd v, A7ieko] He A2 HARY}
o} Z4:0] SLAL 7F7F 9.24 + 0.33 m® kg, 7.97 + 1.1
m’ kg2 52 gk Helth LMAE 9] F718 st

5ol 45

fu
)
o
N
Al

2
2
st
ot 4
32
o
o2
)
oiN o]

Fol vl ol 4= 7H 54 NO, A58l
Ao FRIESITh SHAJRL |22 FH AT NO,
ol 7MY e Aol B9 SLAE 3 F=2 1652
+0.15 m* kg 2 btk 59 NO, AzHsEat 34
e FHAE 54 F ohE shie 94 E8YI(MLiy)
2 yehgth gudgdaEdvls MAE el A
S NO, Aggaere] AudAE Ko, g4 div] 4=
A7 50l NO, Aol g2 A o2 Yebdth(Figure
4b). A= ol L T +F B
et o = 7o) g dAA el Sl A= lem,

olH7|FH FFoll s FH7FA FFASE] AT

00 MU o

o

go| =2 Ao g Uehdrhzzt R* = 0211, P = 0.0363}
R = 0489, P = 0.035). 3}A|qE o]2f3t WA= F Hat 5ol
A= FolstA UEbbA] ettt P = 0.8233 0.213).

A= FE SO, AEY Aol el S
sl o] FEA 543 SO, Aol JUTAE #
A3tk 50 F AT SO, AT ATTA 7t
AL Aoz YeERFOm(P = 0317, Table 1), o= NO,2
7d-2F A 2 @] dHAY SO, A3HsEo] 235
ulg} xfo]7} 7] wjEo]thFigure 2d, P < 0.001). 3FA| gk,
HAHAGNO, A7FFo] SLAS}F @2} =3 10%of| ARt &
Ot AHBAE el A} g, HAT SO, A
SLAS} @2} 23 5% vkl A f-olatlom o w2 4
HA S BATHR® = 0456, P = 0.032, Figure 4c). g
T S0, Aol W “E U}t vl 3 ue] SLAE
7} 38.66 + 2.69 m” kg, 29.5 + 2.95 m® kg’ &2 =7 Yehd
W, Aol A AE g HARME, U, 5459 SLA
L 7247} 12.14 = 3.95 m® kg, 499 = 0.21 m® kg, 5.22
+0.61 m* kg'2 WA VERgTh AR 7k A7k 2ho]
= dHdY Edvete] AR g dyEglon o
2 v AEe7t 2 WA S GHAT SO, Aol
Aoz e thFigure 4d). A= NOo| 735
BI7HA = o |75t FH7IEsd = W TAA

=

u

-

oo

}

N

r

=

fo |o o
o I

N I

lo 1

1= [
Uhrol AL AW ele 5 w4 mE SOl A &
i

Ao 2 vepdth(zz R?= 0437, P = 0.00137} R* =
0.872, P < 0.001). 3} SO, A7kt dSau]o] Al
A= WA S sEigtoty et § Bt oA = 25t
Al Vel AgrEFe] 7P B2 “EURS] Y =4
H]Z 1.08 + 0.15 cm em™2 71 =9k, A gteko] 714
o B £H]=0.26 £ 0.01 cm ecm”Z 7 B
° 7FS JFHTHR? = 0.7, P = 0.018).

450] NO,2} SO, A7 521 9lo] Hehd] 54 5 SLA
H



2735 107 =50l 21of NO,, SO, A3t 533} 1] )2, Fejz E4J7e] A 401
30 < 30
ohaeCo a p b
-~ A v % / R2=0.211
“_‘E 20 20 a“’/ P =0.036
‘g L ~ j&,‘o
o 151 = o> 15 ®
£ ;‘ ° R °
§ 10 101§
% 5 - 5] '® °
"l Re = 0.385 /
“* N ° R? = 0.489
0 P =0.055 0 P =0.035
5 10 15 20 25 30 35 40 0 1 2 3 4 5 6
SLA (m* kg™") ML, (cm cm?)
100 A
% 00 d
—~ 801 =0.437
L v 80 g B = 0.001
% 604
; 60 /@
£ 40
5 40
~ | ./‘Mt
% 2 e R2=0.456 201 g °
—— P =0.032 R?=0.872
0 A 0 P < 0.001
0 10 20 30 40 00 05 10 15 20 25 30 35
SLA (m* kg™) ML, (cm cm™)
Figure 4. Linear regressions between RNO; ;s RSO; 1oyy and SLA, MLy, of ten species.
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Figure 5. (a) Measurement of RNO; ;s and RSO, 1. of ten species and (b) Linear regressions between
them. Each color represents different species, and solid lines represent significant relationships based on
regression analysis with a 95% confidence interval. Error bar represents standard error.
Table 3. Results of stepwise multiple regression using physiological and morphological characteristics. The analysis determined
the best combination of variables related with NO,, SO, reduction ability.
Gas types Explanatory variables R? P
NO, Chl b 0.671%* 0.003
SLA 0.456* 0.032
SO,
Chl b, MLjeqr 0.648 0.081
The significance level represented by the abbreviations. *, P < 0.05; **, P < 0.01.
0T N0 SO, A7 o] Holubrka sk Aa) @ ATk B4 Aak 55 NO, A5l olo] A
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