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WE: [ ]| KAEBAREYTEREM T KABEYHF GO, AT ERR A e R B R AL BIRIE
[ Zak ] vAF d 8 4/ 7 KBk Pyracantha fortuneana. /4 % Fatsia japonica #= % # Bk Nerium oleander 5 13 #t % 5k #
KABRAT %, R\ >BERLE RN F f5et @R B EATEY [ & FBEH (TSP). KFHEY (PMs ). TEAN
B (PM,) Ao nBkdh (PM,s) | 097 8%, AR wbl, 258 ZMEIRet @, Hatet @ s Hie S 5
BHHEGRAG X AN, [ER] OB HFHERANREALBIEDGFERAALELEZF (P<0.05), %W
TR KRG A K NAL TR XA, BT ERFGESAA 259, 223 F 1.97g- m?, A LaE KRBT X
3 % Mahonia fortunei #= & X A% Nandina domestica %1 3.58~4.70 4% . QBEM A& T oA £ F L P lcFert R 6942 F £, ot
FMEMNELIN: ERBAEEANE., At DRF LM, RILKF2E TR TA@, XL RER @il
YT BEH GG, R m T et A @megk g, kANt A ERE R (453 um), LABAAN G FE LA, T
A@mALYUB LA @BREKR, AEFELKRAR, A THLEBEYOHE, OEARIEN . TER, HRE.
ALK EL fiiet @ AR TSP, PMy, #2 PM, s F B & 2 2% (P<0.05) XM B F EA8£ (P<0.01), ALK E., ALERYE
PM,, ## PM, s B 5 2 S ¥ EM% (P<0.05), [£# ] AFHMTEERAFT LN, Kk, NALEF EHHTIEA KR
ey E AR LA, B 5 &3 &3S
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Effects of leaf surface microstructure of 13 evergreen shrubs on atmospheric
particulate retention capacity in Zhengzhou City

HE Dan', YUAN Jiangqin', GAO Zhenfei', LI Chaomei?, LEI Yakai', LIU Yiping', DONG Nalin'

(1. College of Landscape Architecture and Art, Henan Agricultural University, Zhengzhou 450046, Henan, China;

2. Natural Resources Protection, Development and Utilization Center of Luzhou City, Luzhou 646000, Sichuan, China)

Abstract: [Objective] The objective is to investigate the effects of leaf surface microstructure of garden plants
on particle retention capacity, and provide theoretical basis for the selection of urbangarden tree species.
[Method] The 13 evergreen shrubs, including Pyracantha fortuneana, Fatsia japonica and Nerium oleander
were studied in Zhengzhou City, Henan Province. The retention of particles of different sizes [total suspended
particulate matter (TSP), large particulate matter (PM.,q), inhalable particulate matter (PM,,) and fine

particulate matter (PM,s)] per unit leaf area was measured by graded membrane filtration method. The
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microstructure of leaf surface was observed by scanning electron microscopy and ultra depth microscope, and
the relationship between particle retention capacity and leaf surface microstructure features was analyzed.
[Result] (1) There were significant differences in the retention capacity of 13 evergreen shrubs with different
particle sizes (P<<0.05), and the strongest comprehensive dust-retention ability was found in P. fortuneana, F.
Jjaponica, and N. oleander, with a dust retention capacity per unit area of 2.59, 2.23 and 1.97 g-m>,
respectively, 3.58—4.70 times that of Mahonia fortunei and Nandina domestica, which had a weak dust
retention capacity. (2) Particles tended to be distributed near the midrib and leaf tip. Observation of leaf surface
microstructure revealed that there were various structures such as grooves, fuzz, and protrusions on the upper
surface. Most of the stomata were located on the lower surface of the leaf. These structures synergistically
affected the retention of particles in plants, and concurrently enhanced the roughness of leaf surfaces. The
surface roughness in N. oleander leaves was the highest (4.53 um), with regular semi-circular protrusions on the
upper surface and large concave stomata on the lower surface, surrounded by hairy tissue to attach dust
particles. (3) Correlation analysis indicated that leaf area, roughness, stomatal length were significantly
positively correlated with the content of TSP, PM;, and PM, 5 retention per unit leaf area (P<<0.05 or P<<0.01),
and stomatal width and stomatal area were significantly positively correlated with PM;, and PM, 5 retention
(P<<0.05). [Conclusion] P. fortuneana, F. japonica, and N. oleander are recommended as excellent garden
dust-retaining species in controlling air pollution in Zhengzhou City. [Ch, 5 fig. 3 tab. 35 ref.]

Key words: evergreen shrub; particulate matter retention; leaf surface micromorphological characteristics;

roughness; Zhengzhou City
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IR R 7/ 2 S U A 2 NGk A7/ MR YNBSS [ 3 W T 1R R e
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B A SR AR 2 U N SRR A R IE R 22 5, RAEI RV AR, LUK
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YU, A WY R W G R % B S LT TR 2D e T i R OGN, i T ) AL R AR S AL
Yyt B i 2 B IEA GG A, LB 2 HL FE ORI I A1 Tt 8 2 g BRc ), (Bl e
T AL B LA SRS 58 5 A i T ARSI UKL (TSP) T PM, 5 i B B J4 K08 i AR OGN, i3k
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Cinnamomum camphora TG 1§ Photinia serratifolia, FNMFRIAAHE, MR &, PO YfkGE =
U SHAO SEPY RN LT AP A B . PM BCE 4% 8 5 I b 3R R RS 2 52 B 3% IR AR OGS A R 3R
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VDA, VTR KRN TIT 55 58 KU, UKL 5 G [ ROk bk ™, JEHORAERK A =Y IRk
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1 #MHEE 7 *

1.1 REESHEER

M T AL T B4 FPB (34°16'~34°58'N, 112°42'~114°14'E), J@ iR KBTS XA, MU0,
SRAE X AN T SO AT, 2 AR A 7.93 m’, YRR, FAREREERXMER, &%
AR FIHABTT YR, ol ARSI T A8 F2 2B I S BRI T BR 85 45
1.2 i mRE

TEXS B A JEAT W20 P OT B LA b, BeRE T ABE N E ULAY 13 R EREEAR . Horr, BIEIRY Viburnum
odoratissimum . JETHk Nerium oleander . WHEEM Distylium racemosum . + K355 Mahonia fortunei. Xk
Pyracantha fortuneana & 24 20 ¥k , H AW Fh 2 50~200 £k 5 1 Hi Pittosporum tobira. i 4 Photinia
serratifolia, KW 4% Euonymus japonicus . B RAT Nandina domestica . BCRFRTERR M T 32222\ Fel %) HH 2R
WA 100%, HA 7 MR ISR 75%. BIFHIZEARERILE 1.

&1 #liEy

Table 1 Test plants

B Sz MK FE L BN TR om?
INffi 4 8 Fatsia japonica FRIRAL 0.59~0.67 196.76~292.55
W Viburnum odoratissimum FLINIE AR IR R E 2.96~3.27 24.94~35.48
W&k B Aucuba japonica var. variegata GRARA [RTE 2.50~2.74 37.96~41.83
Je ¥k Nerium oleander PEIE 6.08~7.41 15.91~16.68
K Pittosporum tobira 1B GRIE S A8 BRIk B HE 1.86~2.23 13.85~14.16
FitliPhotinia serratifolia KA BDE s AHBRIE 2.60~2.83 28.54~32.84
e BER Distylium racemosum WA IR S5 5 R AR [ 2.06~2.36 6.84~8.49
+K3h55 Mahonia fortunei A 5.98~6.30 6.82~8.11
M4 llex cornuta KO BIE 1.95~2.00 12.60~13.71
& ARZr i Ligustrum japonicum  ‘Howardii’ SRR 1.89~2.10 13.71~15.52
Rt Euonymus japonicus AR R 1.54~1.66 15.22~17.29
K Pyracantha fortuneana LY RN N 2.50~2.75 5.00~5.99
B KA Nandina domestica itk 22 giA 2.35~4.59 4.54~6.88

ABFFET 2020 4F 10 HRIfE 7 d BEEITC XU AREE S, 7EAR PRI B HTAT 0.6~1.2 m AL R P Ik 4 7 1]
BENLR SR B R AF . Jok HUE R Fr o BRI B CR AR S T FR 24 200~300 cm®, 2 10~35 A0t J,
BRI R HURE 3 UK. RESSREEIR /DA A B8 T, I SLH % 4 °C 777
1.3 &Y BEAYEE HE

SR FH BB 19 0 0 ek 0 0 000 2 A I R N TR R AR UKL [ R R VR ORI (TSP) . KR
(PM.0). FIWEAJCRIY (PM,o). ANURIH (PM, )] AT BA 125 (I T AL (CT-203) S kS (i - 1
U TINE,, EE 3K,

1.4 [ REFURIY 953 75 TR0 45+ X

M K J BRI AR B XA AT Y 3 1 emx ] em BYIE A HE, R M SR OG S B 6B (Leica-
DVMB6A) WA 2R 1 UKL 1 53 A 15 O

MK 2 P EAR R 5 mmxS mm Wt WIS, IS AT, RIABRBE T R
% (Philip XL30ESEM-FEG) TEA ] YA AL ECT 43 5l W< it b 2 1 i O 45 48 LUK R RS . H
Image J F AT MG EATAEBE, I vt R AFLIC B L 90 DA S N AR ALBCR SR e bR, TR R
ﬂ%gx%ﬂ%gx%ﬂﬁﬁﬁ%%gﬁwo%%ﬂﬁDﬁM&&H@Wﬂ;#;%ﬁoﬁ¢:%ﬁ
SALIFEE; Ip WRALTERE s Lp WRALKEE; Dp WAFLEE; N WIEF FAFLEGRE; S MBI Sp ok
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AL 2 ARIUBIREREG Lo WAFLKSN; ws AARFLE .
1.5 I F REFEREE W

R R 2R K E VR . A BRPIIDT T S mmxS mm Y IE T TER R, AR IR B R B
% (Leica-DVM6A) 7EIE X4 1Y K AS BT R0 | [ 3% 1 I8 A FRAE FOMLRE J , IF I JF 4 1R A e
Gwyddion v. 2.49 BRI F 2R 1 A RERES B2 5
1.6 HEE

FIH SPSS 26.0 %4 247 BA PR %75 2273 M7 (one-way ANOVA) FIERE/MHT, Bz SR b AR XM 204 5K
PRAT I T8I T 25 #0) FRAE S 4005 URL Y iy B i i C &R o 32 Excel 2021 X £ 17 B A48 31, Origin
2021 1 Photoshop 2020 £ i & % .

2 HREHAAHM

21 13 MEFEARAAMHEER TSP.PM.,,.PM,, 1 PM, s HBENER

13 Fh SRR BRI IR TSP PM.,g. PM,, Fll PM, 5 Wi BB EEIR (LT FE 409k 0.55~2.59, 0.28~1.78,
0.12~1.13, 0.07~1.01 g- m™>, Pz EAAAE 3 22 5 (P<<0.05, 3 2). Hrbr, JOpny sz i
TSP i B4 i e, A 2.59 gom™®, AT AR SRR AR RIS 471 £ 5 N [R] SR A R AR A i AR
PM.,, (¥ B & 5 TSP AL, JOBim, ™ RATEAR; /M fXT PM, o Fll PM, 5 (¥ B s 8, 40
A 113 A1 1.01 gom?, WHE BRI PM, o F1 PM, 5 AW BT R348/, 439000 0.12 11 0.07 g=m 2, 45
TE AR LA I T AR B PML . PMyo Il PM, s 19 5T 22 43 501 7 K 22 5 19 43.6%~85.7% . 14.3%~56.4% Fl
8.8%~51.9%.

R2 13MEFEARBMSHER TSP.PM,,,.PM,, 1 PM, ; H BB =
Table 2  Amount of TSP, PM.;,. PM,, fll PM, 5 on unit per area of 13 evergreen shrub species

AN I TR AR BR /(e m ) BT I TR A i/ (g+ m )
i R F
TSP PM., PM,, PM, s TSP PM., PM,, PM, 5

VAV iEve =S 2.23+0.81 ab 1.09£0.45bc 1.13:036a 1.01+0.31a || TKINIF 0.55£0.04¢ 0.38£0.04 de 0.17+0.01 de 0.15+0.01 cd
S 0.70+0.14 de 0.42+0.10 de  0.29+0.07 cde 0.23+0.04 cd || ¥ H 1.25£0.16 cd 0.81+0.03 cd 0.44+0.13 cd  0.34+0.07 cd
BRI 0.8120.03 de 0.70£0.05 cde 0.12£0.07 ¢ 0.07£0.06 d || EARL YT 0.84£0.16 de 0.60+0.15 de 0.24+0.08 cde 0.15%0.06 cd
JeABE 1.97£0.15b 1.08+0.26 bc 0.88+0.16ab  0.80+£0.16 ab|| KM #H7 1.80£0.40 bc 1.29+0.22b 0.51£022¢  0.42+0.25¢
AR 1.1540.16 de 0.76+0.21 cd  0.39+0.08 cde 0.28+0.10 cd || 2.59+0.69a 1.78£0.46a 0.82+024b 0.69+0.17 b
it 1.08+0.29 de 0.80+£0.22 cd 0.28+0.08 cde 0.18+0.03 cd || FARFT  0.63+0.15 de 0.28+0.07¢ 0.36:+0.10 cde 0.33+0.09 cd
ISCHEAR 0.7540.14 de 0.56£0.03 de 0.20+0.12de 0.16+0.12 cd

BB : [ [R]NG T B2 R AN R E] 22 5 835 (P<<0.05).

BTG 13 Tl i 3 0 A2 IR BA 7 T AL TSP, PM.,o. PM, o Fll PM, 5 TiF B2 B 43 51 %00 43 3 K2k
(E 1), Horp, ARt f A TSPl PM. o i 88 5 09 00 4 — 20, 37 i i TSP Al PM., i B8
HEKMBFN N SO, HKIE 4. PRk dEty, MR . &850, SRR/, SR
BN TR PM o Fl PM, s 5 B3 S (0 SR R 40 — B0, B ie /\ M &8, hEEIE SO Je ik, B
FILRAEW R - KIN55 . kool . BORERESE . it LT LAE . S5 G AR AR 7 deik B VE A Ry OB
I\ SR AT
22 BHYEHRRENSHIER

13 Fh i SR AR [R] I 1T X3k PM 20 A5 47 76 W 0 22 5 (81 2) DA T W A ) s 4 L A4 7 B 0K
FH AR A PM A e R rp bk L R K B XSS RITI RS 4y, T A S 7 R Ok ) DX s e
MR, KR\ & B R A RS R, OB B 1Y PM R B fE Rl , A\ 4
BEDUAE o JBR 3 DX SR AR T K PML K55 i 3R IHIAT BA A ORE A b, ACHE kB A /b e 534
23 13 TE SR RE MM SRHE

ARV H G REARR R i RS AE R B 2R, F—MY 5 B RO R [F (E 3).
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Figure 1  Clustering analysis on TSP. PM. . PM;, #= PM, 5 retention of 13 evergreen shrub species
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Figure 2 Distribution of particulate matter on the leaf surface of 13

evergreen shrub species
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Figure 3  Scanning electron microscope of the leaf surface microstructure of 13 evergreen shrub species
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AR Y R T RAL S B K 30 & AR L 0T AL T BE B K (0.88), S AL IF SR /N B A B
(0.58) B 1.52 f% o K. FERAT. B . MR . ICRER AL A A LU R, L B A D
(>350 ~+-mm?); S AT Skt SR A AL 28 BE AN (100~200 A~ - mm )5 TRk S L 53 A B o0
(<10 A~ -mm?), FATRRR LR AR, W3Em THA 12 MY (P<0.05). & 1B IR R EE K
(0.42), HAx 12 A EIER R ECH 0.34~0.39,

R3 13 MERERH EBES T

Table 3 Leaf surface microstructure characteristics of 13 evergreen shrub species

W ALK /um SALFERE/um SR SELEE/( mm?) SALEAY pm? TR FREL
VAV (Ee s 17.46+1.02 ¢ 11.46£0.64b  0.66£0.03 ¢ 351.49+22.51 be 157.42+16.24 b 0.39+0.01 b
Rl 23.06+2.54 be 16.41£1.63b  0.71£0.01 de 106.80+26.91 d 299.32+61.21 b 0.38+0.00 be
bR R 16.41+0.99 ¢ 12.20+1.02 b 0.74+0.02 cd 175.25+22.20 d 157.79+22.21 b 0.37+0.00 cde
JeAT Bk 187.21422.00a  138.50+28.63a  0.73+0.06 cd 8.99+2.23 ¢ 20693.96+6841.49a  0.37+0.02 cd
AR 28.09:+1.44 be 22.88+0.81b  0.82+0.04 ab 354.16+37.06 be 505.17+37.76 b 0.35+0.01 efg
aLiii 28.21+0.36 be 23.50+2.04b  0.83£0.07 ab 280.89+45.51 ¢ 520.93+49.33 b 0.35+0.01 fg
USCREARY 19.29+1.02 be 13.7120.75b  0.71£0.02 de 352.91+41.98 be 208.12+21.36 b 0.38+0.00 be
+RITF 20.4240.25 be 16.94+0.73 b 0.83+0.03 ab 297.18+44.34 be 271.79+15.00 b 0.3520.00 fg
i 23.88+1.17 be 13.78+0.59 b 0.58+0.03 f 373.25+30.30 b 258.56+20.64 b 0.42£0.01 a
SR IT 30.37£1.38 b 26.68+1.79 b 0.88+0.03 a 315.02430.50 be 637.73£71.08 b 0.34£0.01 g
K-#4 27.13+0.96 be 23.08+0.88b  0.85+0.01 ab 320.33+24.02 be 492.21+35.59 b 0.35+0.00 fg
P 30.63+2.39 b 24.02+0.87b  0.79+0.09 be 363.82+75.70 b 576.98+28.57 b 0.360.02 def
BN 21.30+1.21 be 18.16+0.89 b 0.85+0.01 ab 456.64+69.86 a 304.46£32.23 b 0.34+0.00 fg

BB FFURRNG SR [l — S EOR R a2 53 .35 (P<<0.05) .

2.4 AREEWIMREALEE

WE 4 Frs: 13 Fpoag g B bR i MRS B2 0.674~4.530 um, Hidr, e sk R i 2
PR G , 76 13 PRI rhoRDRE B fe s o M . R0 . 19 Bkt ST RN ORI i 2 A B
PIRSAR AN, RS RS 4 . T RIDS7FA Mgt R EEH, HURS BRI XS 3AK, 13 PR
B BN e B HE R 0 e AT Bk (4.53 um) . HgE (1.841 um), KM (1.649 um)., 64 Bk - 38 (1.645
um)., N4 #E (1.587 pm). KB (1.361 pm). B RAT (1.244 pm), FHEIR (1.141 pm), BOEER (1.125
um). 4FFL 1 (1.081 um). WM (1.079 um), + K355 (0.802 um). f14f (0.674 um).
2.5 HEYHEBASTHY S RMEMFTERNXER

H P S AT BRI AL PM S o Wi BE TR A0, REA BT AR TSP PM,, Al PM, 5 fiif 4 Tt 5 - 1
FEURIREL RS B 2 A I 3% IE AH 56 (P<<0.01), 5 ALK 2 3% IE A 56 (P<0.05); A i i B PM,, Al
PM, 5 Jiif B4 1t 5 AL B8 B A A AL AR A i 2 IE ARG (P<<0.05).
3 it

AN[RIRE P %5} 25 RAR RO ) s BAAEAE B 25 57 . A RS R B . A I MR oA ) A [ A A% ks 4 v 32
BUE PM 1P ARBFFE Y, 13 Bl AR R R LU AR PML o S, KIS . AR, S8R L 0T,
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Figure 4 Three-dimensional structure of the leaf surface of 13 evergreen shrub species
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