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Fig. 1 The study area and sampling sites
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Table 1 Biological characteristics of tree species used in the experiment
W Fh # AVE R - RFAE
Tree species Family Life form Leaf blade features

I o BIIRMEIRE s R

% C. camphora %%} Lauraceae FF/K Arbor P QDz{k*FﬁILUT‘/, E.ﬁ)"
Leaves alternate, ovoid ellipse; leathery

LA NEAR L. chinense var. rubrum G254 % Hamamelidaceae #EK Shrub YUJE; 5 Ovate; leathery

, ) ey ARG . KBS SRR Y 50

FEAE O. fragrans ARl s I b Elliptic, oblong or elliptically lanceolate; leathery
K6 B T 5% (8 RGBT . R

YLRLH Photinia x fraseri MR} Rosaceae #A Shrub N
Long elliptic or obovate-elliptic; leathery

AR P. tobira WA F} Pittosporaceae K Shrub fHINE; HJi Obovate; leathery

JE A FLAE N 10,0, 2.5, 0.2 um B3 KM g Bk
g, AR FRAZ KT 10 pm, K2 KT
2.5 um/NF 10 pm, KA /NTF 2.5 um B9 PR
eSS IR AR SR, FAEHEA b 60°C HET =
fE i, IR, IRIENR R 2 220 Am,
R AN [RPRE ARV PR R () B i, PML B B i
fLAE 2.5 um F1 0.2 pm AYPEE TS 2EHZH, PM, s
S UENEE 0.2 pum Y PE MR 22 (E, TSP WIH 3 /M
TRz 220 S, RIS, Epson Perfection
V700 Photo 1 i {X 3 ##i it i, T F WinRHIZO
Pro2005b ( /i1 % K Regent Instruments 2% 7 ) R &
AIMTRGEI R AL S, W Am/S RS TRRL AR S il
SO S 110 BT I TR R P
122 wtRE@mEMRE BRI R
Farh, 60°C LT EfEFiE, MVLEREMT B, IRk
BUEE T BRI 2 5 mm x 5 mm B9 2 4~ IE 5B At
R, R RS R R, S — s R
i, HEITEF R R SRR RS B, E
Trms 4 b P, KbERLAT A RE SO R R (Rl
Phenom Pro ) Hrl%,
123 BRMFERTE A I FRE BT
Je U R RIRAR B UKL, CARE 6 2R AT
S b R A BRI AR S A R EEE (TR
Phenom Pro ) WR%E, R B BRI AO A5 5. 5
FEL OGTHOREE . fEEE, HER R EWOFRA . FEEE
P 5 U0 0 A 9 A Ak R B SN (gl
Phenom Pro ) [F]i AT RCR Y TC 2R 0#T
1.3 HiEAIE

3 Ffl DPS7.05 Gei AR HED M s A i A T
BRI 20001, R LSD AT 2 H i, b
AFEGEEZ K ES, REHEZRKERN o=
0.05. KM Excel 2020 £,

2 HRERN

2.1 AEGAHTMRFBRNINENER

A& 2A BT, Tk XS RIS Aot = S Sk )
(TSP) My 2ERRE, Wi &N KB IMRIR
He LAAEMEAR (736 gm™) ., HIE (653 gm™?),
T (644 gm™) . 2L A (428 gm™) FIFE
1 (259 gm™), ZLACMEAR B2 & 29 0 A 1)
2818, HEAWEM2ZS (P<0.05), #&RF*
T PM, B ¥ BA i /MR Ry . 2LAEHEAR (12,98
gm?) >V (096 gm?) > ZLMfi4E (0.72
gm?) >HAL (0.67gm™?) >FFE (030 gm?),
P e AR AR s 2 B3 T AR 10 5. &R
Tt % T PM, 5 B i B B RKO/MRIR O 20 AE MR
(1.68 gm?) ., ZLM A Al (0.55 gm™) . A
(046 gm™), H:4E (036 gm™) FIFHFH (0.16
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&l 2B SHACH X, AN [RIBR A O TAS [k A Uk
Yy B a5 Tk DCARARL R S ABORE A i B A
PM,, 1 ¥ B 5t DL B PM, s 1 ¥ B4 £ 3% D) 21 fE i
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TR . PM, o 43 B3 2 0 5 Tl X R A8 3 [X A
[F], X T PMy s PO B R/ NIUF IS AT 25 5% W
T AR R RRPXT T PM,, s BT B K/ NITUF - 21
AR (025 gm?), 2Lt AfE (0.14 gm?) .
AL (0.114 gm™?) . FFf (0.113 gm™) ., Al
(0.06 grm™), H A2l fEMEAR U B i B K, VAl
b, BAREEZS (P<0.05),

3 ATAL, [RBTG5, XF
TARRAER M E R EAREZESR (P<0.05),
AR SR A /& PM g, PM, s, HERIH T
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C. camphora L. chinense O. fragrans Photinia xfraseri P. tobira
var. rubrum
W Fl Tree species

A: TokIX; B: RilIX; C: 31X F: ARVNG FERRFE—4Ebr
T (TSP, PMyy. PM,5) AREYI ML RZAFEREFEES (P<
0.05 ),

A A
Retention capacity of leaf/(g-m?)

A: Industrial zone; B: Transport zone; C: Clean zone Note: Different
lowercase letters indicate that there are significant differences in the amount
of dust retention of different plants under the same index (TSP, PM,,, PM, 5)
(P <0.05).

B2 F—IhgER 5 HEREYM R iEERAYRENESR
Fig.2 The retention capacity of different species to
particle in same region
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LI S R R RURE T 2R T RE S ORI 2 K K
B, HRILEE R, HXFAERAR R i
m¥ A (K 4C, D); L L RMH T,
TR RENMINENAARA L, ALK, X0k
Y BBk (K 4E, F); ZEM-Af B3R A
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1 RN FRFRE IR T (TSP, PMyy. PM,s) AREMEPM SR 2 A ERE2ES (P<0.05),

Note: Different lowercase letters indicate that there are significant differences in the amount of dust retention of different plants under the same index (TSP,

PM, 0, PM, 5) (P < 0.05).
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Fig. 3 The retention capacity of greening species to particle in different polluted environment
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Table 2 The ratios of particles differed in size to total particulate matter attached to the leaves

TAk[X Industrial zone

ZZ I [X Transport zone 1B¥# X Clean zone

WA
Tree species d> 25um<d < d< d> 25um<d < d< d> 25um<d < d<
10 pm/% 10 um/% 2.5 um/% 10 um/% 10 um/% 2.5 um/% 10 um/% 10 um/% 2.5 um/%
i
88.33 11.67 6.41 76.60 23.40 9.10 58.44 41.56 18.04
C. camphora
é{[?ﬂﬁ* 59.67 40.33 22.38 52.02 47.98 21.60 55.49 44.51 15.73
L. chinense var. rubrum
%T)E 90.00 10.00 5.18 82.99 17.01 5.00 69.95 30.05 10.00
. fragrans
ZI
L -l—.E.*ﬁ . 82.90 17.10 12.99 62.25 37.75 28.97 52.19 47.81 18.10
Photinia % fraseri
A
. 85.05 14.95 7.30 63.81 36.19 7.86 55.99 44.01 6.68
P. tobira

FAXF AR (I 41, 1) o 5 A BElARAR Bl - & 1
LERFIES TR 3,
2.4 M B BRI B R SR 4 AE

P S AL, Al Rh it A2 i B A AN [RDRE
WAL BB B IEA R RS, Rt 10 m BY
BRI 22 AU BOAR R , RiARBOR, BETRAE
MG 2B R SURE s KAL) 5 m < < 10 um
AR FIURE ) LRI RIS KLU B ROPRABURE , - 41 0 P
BT RENS A M BB A o KAL) < o5y FOAIURE

Yy, BAREUN, Ao WNBHARIESEE, HR
22 AN KU Y HAR 2R ABUR

TEFELGE T, i B UKL 322873 S M
ARFATER (I 6) o ARMARAY BRI R 2 5
HRF A DERSEAAIER, BAai,
FErr AR R BUR ) 2 N IARIR G IR L BEIRR &
PR, AHUMBCR . ASHLUR-R . B SOR 4 22 0
BOR L HEIERR . AR B 6A A AT A BR, 1

faorWl, REOCH, BEIE I ER BRI C.
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A. B: #Ffirt L, TERIE; C. D: ZIEMEAM L. FRM; E. F: HErH B FREG G H: LR b NRE; 1T #Ee L, FERE
A, B: Upper and lower leaf surface of C. camphora; C, D: Upper and lower leaf of L. chinense var. rubrum; E, F: Upper and lower leaf of O. fragrans; G, H:

Upper and lower leaf of Photinia * fraseri; 1, J: Upper and lower leaf surface of P. tobira

B4 MREDHEER

Fig. 4 Leaf surface scanning images of different tree species

£35S A EWRKFHEIM R EFHE

Table 3 Leaf surface characteristics of 5 tree species

IH-3% THI 5 M) 45 1F Leaf surface characteristics

A Y
Tree species M3 R -2 R Amount of dust
Upper blade surface Lower blade surface

i T ER, BoFE SILEEERUN, AR /) Smaller
C. camphora No obvious fold, relatively smooth Small stomatal density, shallow groove
aERA RGO, A1, KRB RO, TILERK, IIFOHK o Mt
L. chinense var. rubrum Obvious ups and downs, obvious fold, mass particulate matter Big nap, stomatal density, large pore opening
HEAE RN, AR HRALSY, SALERER, I EB T
O. fragrans Fold obvious, mass particulate matter Grooved tissue, stomatal density, small pore opening g
i HRAROE, T ELEIEROR, AL LU o e
Photinia * fraseri Shallow linear bulge, no obvious fold Stomatal density, small pore opening &
A HUTZ, YRR, RS ALK, SATF DR S L
P. tobira Waxy layer, obvious fold, dense gullies Stomatal density, small pore opening &

O. SiTLx, BT YEA, AR AEE L5 EEFLAWMIEE, HFEZEEEF 0. C.
Ko K 6B AAKE AR, BUZ, FEOEH, ¥ Si. Ca%icE. K 6E MR Wk, it
A C, O, Si. A% LR, VESA Fe. Mg W, WAEMNIK, TEH0. C. Si%iLK, B
EUR, BTUWEE, WRENEEREER .,  TARPKY. K 6F NEREERL, J&T miRb
Kl 6C. D WEMRBASEMERRE AR, B4 JFH KRBk, REeHE, EZE%4A C. 0. Si.
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A: RifEys 1gums Br By s umea<iopms C: By <25 um
A: Particle sizey 1o um; B: Particle size; 5,y < 4 < 10 ums C: Particle size; < 55 m
B 5 ARAEBAE BT

Fig. 5 General morphologies of particles with different particle sizes

o1 2 3 4 5 6 7 8 910 o0 1 2 3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10
78 481 counts in 30 seconds 122 630 counts in 30 seconds 73 049 counts in 30 seconds

®

01 2 3 4 5 6 7 8 910 o0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
44 630 counts in 30 seconds 241 223 counts in 30 seconds 237 938 counts in 30 seconds

@G.

01 2 3 4 5 6 7 8 910 0 1 2 3 4 5 6 7 8 9
128 675 counts in 30 seconds 86 154 counts in 30 seconds

A AHNBRR; B: ARMAAR; C: JEMMRRAIR; D: HBEIRERA; E: ARk F: B0B; G: WBIE; H. ik

10

A: Irregular block; B: Irregular sheet; C: Fluffy polymer; D: Chain polymerization; E: Columnar; F: Spherical; G: Oval; H: Honeycomb
B 6 B4R K fe ik E

Fig. 6 The microscopic morphology and energy spectrum of single particulate matter

ALZETCR . K 6G MiEIE MR Y, FH &/ C. /i Ca, Siot&R, BTAEYPR ., HILrlm, 4

OJCHR, WHREIE TAWIWRL. 18 6H RBUMEEDR, AR B BRI 200 R0k . ™ ROk |
5 ARFNER BRI AL, &R € 0 K& TRBKEIKRL, JARIEGIR 4R (R 4).
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Table 4 Morphological characteristics and chemical composition of residual single particles in blades

Fl6 & A i = foveszit] PIELRFAIE FHRT ALK
Number Particle classification Physical characteristics Elementary composition

A kL AHUWFIHR, B8], REDLHE FEEHC, O SiLHE
Minerals particles Irregular blocky, angular, smooth surface Mainly contains C, O and Si elements

B ROk AHMEIFAR, Bz, RIEOGHE THEEHC. 0. Siv AETTER, DEGHFe. Mg&EnHR
Minerals particles Irregular sheet, layered, smooth surface Mainly contains C, O, Si, Al, and small amount of Fe, Mg and

other elements

C TR B R MRS & FEFHO. C. Siv Ca¥n#H
Soot aggregates Fluffy polymer Mainly contains O, C, Si, Ca and other elements

D TR E 1 FERR G FEEHFO. C. Siv Ca¥ iz
Soot aggregates Chain polymerization Mainly contains O, C, Si, Ca and other elements

E Bk FEIR, SRTGIE, T B NSO
Minerals particles Column, smooth surface, surface with tiny particles
F IR M, REDGHE
Fly ash particles Spherical shape, smooth surface
G LWL 1455 IR Honeycomb
Biological particles
H AW RTORL WHIRITE, 21 M TN BTk

Biological particles Oval,surface with tiny particles

FEFHO. C. SIETE

Mainly has O, C, Si and other elements
FEFHC. O, Siv AETLE

Mainly has C, O, Si, Al and other elements

FHEEHC. OMainly has C, O

THC, Of/bECa, SITLHR
Mainly contains C, O and other elements, and small amount of
Ca, Si and other elements
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The Relationships between the Dust-holding Capacity and the Leaf
Surface Structure & Particle Size in Five Evergreen
Tree Species Locates in Hangzhou

LI Hai-mei', DANG Ning'?, YU Liang-gian*, ZHANG Han-dan’, CHEN Guang-cai®

(1. College of Landscape Architecture and Forestry, Qingdao Agricultural University, Qingdao 266109, Shandong, China;
2. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China)

Abstract: [Objective] To study the relationship between leaf dust retention capacity and leaf surface structure and
particle characteristics of landscaping tree species so as provide data for screening excellent landscaping tree species
and improving the dust retention effect of vegetation. [Method] Five common evergreen tree species (Loropetalum
chinense var. rubrum, Osmanthus fragrans, Pittosporum tobira, Photinia % fraseri and Cinnamomum camphora) in
Fuyang District of Hangzhou were studied. The samples were collected from industrial zone, traffic zone and clean
zone. The dust-holding capacity of these plants was recorded by weight difference method, the leaf surface structure,
particle morphological structure and elemental composition of dust were observed by SEM-EDS. The relationship
between leaf surface structure, particle morphology, particle size and dust holding capacity was analyzed.
[Result] The results showed that the leaf dust retention capacity of the five tree species in the industrial area fol-
lowed the order of L. chinense var. rubrum (7.36 g'm*) > O. fragrans (6.53 g-m*) > Pittosporum tobira (6.44 g-m?) >
Photinia x fraseri (4.28 g-m*) > C. camphora (2.59 g-m?), and the same pattern was observed in traffic zone and
clean zone. The total PM, retention amount of these tree species reached to 11.34 g-m 7, the order of retention capa-
city of these tree species was L. chinense var. rubrum, Pittosporum tobira, Photinia x fraseri, O. fragrans and C.
camphora. The air quality in these zones showed obvious effect on the leaf retention capacity, followed the order of
industrial zone > traffic zone > clean zone. The particles trapped in plant leaves consisted of regular particles and ir-
regular mineral particles, which mainly included spherical, oval, fluffy polymer, chain polymer, irregular block and
irregular sheet. [Conclusion] L. chinense var. rubrum shows the strongest dust-retention ability, while C. camphora
shows the weakest retention of particulate matter. The percentage of coarse particles trapped in the leaves are higher
than that of the fine particles. The particles trapped in leaves are mostly soot aggregates and minerals particles

Keywords: particle size; particulate matter; leaf surface; appearance characteristics
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