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Effects of foliar microstructure characteristics of 13 evergreen shrubs on
atmospheric particulate retention capacity in Zhengzhou City
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(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 microstructure of garden plants on
particle retention capacity, and provide theoretical basis for the selection of urbangarden tree species.
[Method] 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

microstructure of leaf surface was observed by scanning electron microscopy and ultra depth microscope, and
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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, P<<0.01),
and stomatal width and stomatal area were significantly positively correlated with PM,q, 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 shrubs; particulate matter retention; leaf surface micromorphological characteristics;

roughness; Zhengzhou City
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TE X A6 i A7 ) 20 A Y B A b, EHE T A B N R ULy 13 MR S HER , IR Viburnum
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Pyracantha fortuneana ${ i 2 20 ¥k , H AW Fh £ 50~200 #% ; W #ii Pittosporum tobira. 1§ Photinia
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Table 1 Test plants

B sz 5 L AR om®
INffi 48 Fatsia japonica FRIRAL 0.59~0.67 196.76~292.55
W Viburnum odoratissimum FEINIE AR IIRMGEE 2.96~3.27 24.94~35.48
Wi &k I Aucuba japonica var. variegata GRARAH [RE 2.50~2.74 37.96~41.83
JeA ¥k Nerium oleander PEIE 6.08~7.41 15.91~16.68
1A Pittosporum tobira {B[GRIE S8 BRIk B HHE 1.86~2.23 13.85~14.16
fit#iPhotinia serratifolia AR A A BB 2.60~2.83 28.54~32.84
W BER Distylium racemosum WA I S5 5 AR AR [ E 2.06~2.36 6.84~8.49
+ KI5 Mahonia fortunei A 5.98~6.30 6.82~8.11
M43 llex cornuta KIIRIETE 1.95~2.00 12.60~13.71
SRR Vi Ligustrum japonicum ‘Howardii’ R R 1.89~2.10 13.71~15.52
KM H4% Euonymus japonicus ARSI 1.54~1.66 15.22~17.29
K Pyracantha fortuneana 159 JE S B TR K B R 2.50~2.75 5.00~5.99
B KA Nandina domestica ik 2R giA 2.35~4.59 4.54~6.88
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(PM.o). FIWEAJBRIY (PM,o). AMUKIH (PM, )] AV BA 125 (I T AL (CT-203) S kS (i - 1
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FI ] SPSS 26.0 X 17 BA PR 7 2243 H7 (one-way ANOVA) FIEEEMHT, B IR AbAH 4317 oK
PRI - T8 ok 235 4 AR i S 505 ROk P i B A OC R o 18 I Excel 2021 X888 E AT B B 42 11, Origin
2021 Fi1 Photoshop 2020 “ i K % .
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2.1 13 MEFZEAKRBCMER TSP.PM.,(.PM,, #1 PM, s FERENER

13 FhE SRR BAAI IR TSP PM.,o. PM,, Fll PM, 5 Wi BB EEIZS AL R4 R 0.55~2.59, 0.28~1.78,
0.12~1.13, 0.07~1.01 g+ m™>, WFhZ AR EAFTER & 22 57 (P<0.05, 3 2). Hr, JOBEAgEA7 iR
TSP i fE B e, N 2.59 gom ™, i R R AR E T ORI OT I 471 £ 5 AS [ S Ak B b B A i v AR
PM.,, i B & 5 TSP AL, JOBlimm, mRITERAL; \ME AR PM,, Fl PM, 5 (93 B i &, o
A 113 A1 1.01 gom?, WHE BRI PM, o F1 PM, 5 RO BT R348/, 439000 0.12 11 0.07 g=m 2, 45
TE AR AT I T AR B PML . PM o T PM, s 19 5T 22 43 501 7 K 2 5 119 43.6%~85.7% . 14.3%~56.4% Fl
8.8%~51.9%.

Fz2 13MEFEKREMHEFR TSP.PM.,(.PM,, 1 PM, s B =
Table2  Amount of TSP, PM.;,. PM,, fil PM, 5 on unit per area of 13 evergreen shrub species

B TR B (g m?) LA T AR B /(g m)
Rl P
TSP PM., PM,, PM, 5 TSP PM., PM,, PM, 5

NG 2.23+0.81 ab 1.094045bc 1.13+0.36a  1.0120.31a || T"KINTFF 0.55+0.04 ¢ 0.38+0.04 de 0.17+0.01 de  0.15+0.01 cd
B 0.70+0.14 de 0.42+0.10de  0.29+0.07 cde 0.23+0.04 cd || & 1.25£0.16 cd 0.81+0.03 cd 0.44=0.13 cd  0.34+0.07 cd
Wi R 0.81+£0.03 de 0.70+0.05 cde 0.1240.07 ¢ 0.07+0.06 d || &FRLZIT 0.84+0.16 de 0.60+0.15 de 0.24:0.08 cde 0.15+0.06 cd
JeATBE 1.97+0.15b  1.08+0.26 bc 0.88+0.16 ab 0.80+0.16 ab | KM EH7 1.80+0.40 be 1.29£0.22b 0.51+022¢  0.42+0.25 ¢
] 1.15£0.16 de 0.76+0.21 cd  0.39:0.08 cde 0.28+0.10 cd || Ak 259+0.69a 1.78+0.46a 0.82+024b 0.69+0.17 b
ol | 1.08+0.29 de 0.80+0.22 cd  0.28+0.08 cde 0.18+0.03 cd || FRFT  0.63+0.15 de 0.28+0.07¢ 0.36+0.10 cde 0.33+0.09 cd
USCHEAR 0.7540.14 de 0.56£0.03 de 0.20+0.12de 0.16+0.12 cd

Vil . SRR ING R R AN R F ] 24 572 ) 35 (P<<0.05).
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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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(0.58) 1 1.52 f% o OB, mARAT. Mi-E . MR . WCRERT IO SFL AR B R, AL R A R A
(>350 ~-mm?);  BEA R 4 Bk SR 0 AL B AN (100~200 A4S -mm?); S AT B A FL A A B A R
(<10 4> mm?), TP EFLH AR IR R, WS T IHAL 12 B (P<0.05). #-E BIEAR R B K
(0.42), Hi4x 12 FAHYIEIEAR RECH 0.34~0.39,
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Table 3  Foliar microstructural characteristics of 13 shrub species

R SALKSE/um SALFERE/um SR SALEE/( mm?) AL ER/ pm? AR ZREL
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
Bl ) 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
WG 4Bkt St 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 ¢ 20693.966841.49a  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
Liyehz i) 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 20.42+0.25bc 16.94+0.73 b 0.83+0.03 ab 297.18+44.34 be 271.79+15.00 b 0.3520.00 fg
M 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
BRI 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
Kty 27.13+0.96 be 23.08+0.88 b 0.85+0.01 ab 320.33+24.02 be 4922143559 b 0.350.00 fg
SO 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
M RAT 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 0.3420.00 fg

BB FFURRNG SRR [l S EOR IR AbiA 22 53 .25 (P<<0.05)

2.4 AEEWH R @A E

WE 4 . 13 Fed AN B B2 AHUREE N 0.674~4.530 um, Hidr, et kg2 mifg if
PR G , 76 13 FPEAR A roRDRE B e o AR . RIHEEORS . S Ak S RN I i 3R A B
PURSAR AN, MRS RS A . T RISFFIA Rt RIEDGH, HURS A RLAK. 13 PR
B N 2 SR HE R M Je AT Bk (4.53 pm). MyE (1.841 pm). KM 4 (1.649 um)., 54 Bk 38 (1.645
um). /A4 (1.587 um), KB (1.361 pm). B RAT (1.244 um), IHIIHE (1.141 pm), BCEER (1.125
um), AR i (1.081 um), WA (1.079 um), +KIJF5 (0.802 um) ., £14# (0.674 pm).
2.5 HEYHEBAKTNY S RUMEMHERNXER

HH LS AT BRERAL TR PMS o Wi B 40, A AL T AR TSP, PM, o Al PM, 5 ¥ B2 o 55 1
FEURIOREL RS J2 52 #0235 IE AH 56 (P<<0.01), HAR ALK 2 B3 E A5 (P<0.05); v i i L PM,, Al
PM, 5 ¥iff B8 i 5 AL 58 B A AL A 2 8 3 IR A5G (P<<0.05).
3 it

AN[RIRE % 28 RAR UL ) s BA AP AE B 25 57 0 AFIE R B . A W oA ) A [ A A% ks 4 v 32
BUE PM 1P, ARBEFE Y, 13 Bl AR R R LU AR PML o S, KME . AR, S8R L 0T,
WPk . CRERE I A PML o B3 5 TSP B 10 70% LA L, X 52 4E 5507 F DANG 45
WFFEAT AR A I R IR B 1 2R R AR KT 10 pm W RARI 45 5 — 2. 5340, W pknt st &4
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