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Continuous drought stress impacts on Euonymus japonicus Thunb. var. aurea-

marginatus Hort. particle retention
LIN Xintao, ZHANG Jing, CHEN Jian"

The State Key Laboratory of Subtropical Silviculture, Zhejiang Agriculture and Forestry University, Hangzhou 311300, China

Abstract: The objective of this study was to explore the particle retention capability and the morphology changes of typical
evergreen broad-leaved greening plants under continuous drought stress. The experiment was taken place in an open-top
chamber by supplying vehicle exhaust ( simulating particle pollution source) and different watering regimes on the plant,
Euonymus japonicus Thunb. var. aurea-marginatus Hort, and monitoring particle accumulation and morphology changes. Two
watering regimes were implemented; exhaust exposure with continuous drought (PD) and exhaust exposure with normal
water supply (P). The results showed that (1) the yellowing and shedding of the old leaves of the E. japonicus var. aurea-
marginatus in the group PD was 9 days earlier than that in the group P, and only the group PD presented the shedding of
mature leaves and young leaves after 19 days. (2) The particle retention in each particle size fraction of group PD was 2—3
pg/cm’ lower than that of group P after 35 days observation. There was no significant difference on particle retention
between the two groups in the first 28 days. However, the continuous drought significantly reduced the particle retention in
each particle size fraction by about 38.60%—46.54% on the 35th day. The significant change was attributed to many of the
mature leaves of group PD fell off on the day of 35, which also indicated drought tolerance threshold. In conclusion, the
short-term mild to moderate drought has slight effect on the particle retention ability of E. japonicus var. aurea-marginatus ,

while the extreme drought can accelerate the shedding of mature leaves under exhaust exposure, which may weaken its
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particle retention effect.
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PEMTRCE 2 S AE RS AETRAL MBS 3R 0 s b S 2 2 S e R4 (W 2R RE T T Song
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LN NI R HE A% ( Euonymus Japonicus 1.) W—8FF Sk TP B TP J& 19 F sk A 2K =M i
DXH UL A, BRI HLAR 5 (AR G it e T 7 Pl AR 8 P ) 32 5 3, X i B A B IR AR i A2 4, BB I 4 M B
WA EREE Y S ARG e FIAR 5 (3505 0.8 m) FBEAR (P45 3 em) 8 —8U 3 AR, F 2017 4% 3 HakMi T
B30 em, &5 28 em MER R JERREC LA Bel 40 P8k 10 08 4 = 7:7:6 , S K H R RFK 200 50%
1.2 SEHHh A

RAB A 1 B AR TR T W VAR 2721 1L S 36 B b (30°15750.617N 5 119°42'54.51"E ) By HIA] A EE T 291 48,
SEH S DIARAS TR AE DR 3,3 km JE N ARAETE S5 Yo, AR PEWT VLA KR A 15 Y S A D R 45 i 56
PO (5 2R IR BS 24 4.1 km) TR RME (5 3EH0 A E 4R B 29 2.9 km) W3 25 7F 2013 4E—2016 4
6] 8 K75 e W RSB | S0 X G PML, SRR B 2 54.38 wg/m’ , S ST R AF,
1.3 SEgiit

SR I 32 1 LI AEAE BUE B TR %E (Open top chamber, OTC, LR RiFR- N “RE") Wi T, A=
H YA TG LB R A A, =R 3.5 m BEHRIE Mi 1.5 m AYIE/GHTE , TS A 45 I, B 1 m,
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FEERAHE, IR T 0.5 m A4RZS HCE — He B fe B 38 DLkt S Bk iE A= . HHLsh E R B4
ANIBSMRAWERE T, FEENR R E TR S EBEAIEN EANKAEH S h,
SR e A ey g AR ARSI T 75 YL REAE , R R e . 7. 00—10: 00 5 B /=70 - 18 .00—20: 00, AR ( AR 28
SERFREC(AQD) FARKAE (I47) ) (HJ 633—2012) iy =3 K15 e B Hhn e B 25 ST s 45 il o 3 B TS
Yo BIRE N PM, Y 24 h IREEPEHIAE 150—250 pg/m’, MIHEA RS A PM, W FEFEHIZE 720—990 pg/m’, <
FNEY PM, kBl CPR-KA 28 S B il A (It B AR 4B & A IR F), ) 547 sh A8 W, iR
i DS1923 %1 iButton 2110 A SR AN ( LIRSS AR FRHE AT BR A |, ) g7 I

SCEGARFEF 2018 4F 4 H 10 H 18:00 JF14f, £ 2018 455 A 15 H 18.00 45, ¥R BHEIENINEDN
BRGHENL A 2 A, —dIEFE MK (P A) , 5 —dHfFe TR (PD 4) , BAKE 4 NEHEE , &N HH A FU
BAULER 1, SEOGHTIE T TR 5B/ BT A 2R A - HE S K Bk AT, 5l a5 oKk PD 4B Zkk A AR TH
FEHHOK A, 10 P ALY AR W AE B3 H A9 58 5 /K &0 e Je AT 4K, A B8 5 K o FH 1 8 = 1 38K 43 4)
TDR100( Spectrum Technologies, Inc. 3 ) 7E4F H 17:00 A2 A7 2 FH 10 5%, M5 SR N 1 R/ d, LR &K
(Soil volumetric water content,®,) 37~ , RPIIRFLET R LIR R I | SAEMRIT Gh IE AR Z2RSEA 2T KA
FET 1 - HE AR S K B AE 2.0%—5.0% Z 7] 120 R 24 PD 414 H A3 89 0, T 5.0% B, XAt ki
20—100 ml. AYIE 240K, 75 H AT K AR T 2.0% , AR IERT AR 7 056 5 3] P9 A 80 K T AR A BB T
MG, P AR IR S KRG 37.5%—40.0%

x1 SHEHHLERA

Table 1 Description of treatments of E. Japonicus var. aurea-marginatus

251 Ab P S|
Group Treatment Description
P4 ERMKESRARER 37.5%—40.0% ¥ L EFRE KA, 4 KB G PM, s 720—990 pg/m?’ [ 5h
. S SR IHHFE T 48 AEARIE AT S K BANE T 2.0% , B K28R PM, (W&l 720—990 3
Y U

P. IEH /K5 BA B Exhaust exposure with normal water supply; PD: #2212 5B 5 #E Exhaust exposure with continuous drought

S AR FRHT (5 25 B oK ol T A AR A I R DL BRI SR S B 0 ORI, A ISR R TR i i
B J i ELAT TR ARG, S i SR A T T SR A TR, RIS R ) O TR VR AR 2 Sk g i R
X S 6 [P L R A SR A8 ) S R AR e AR e HEAE R AU BT — R, AR AR I 5800 T4, 24K
SN B K TR AT SR T VRN BE 58 4 BRI e R IESE I B ke 2 B A RS AL PR (4 A 10 B
17:00) RAFE R - 8ew) it AR I | 25 BB 7 R — WM e T LU AR i 2B D E
1.4 mHRE

TERARAERRA R R P97 A" U7 2 BEALR I 4—5 it Jr IR G R R AE TR B T4 N IR AT
TOKFE R = B B AEA AR R I . SCOR I R AR 6 MAEA (S AR , B N4 B (HEE) ., H
AR AS 2 L 08 1 A UR ) fat | I A 3hE G ot 22 SR AR 3 S5O IR 4 1 2E R ARDE FL , R R m e ik 1) 1 AR
AL Fr (8 R AR AR I E 200 em® 2247
1.5 i

I S T P 1) SO AR PR AR d e sz 5 % DR AR B 1 500 mL BeARh, Bl A 250 mL ZE 48K 5
e PR P R T R AR T 1R 4 min, (I SR BR A AURL) 78 0 I B i e, O B I R 2R R K 2 sk . X
RS B AR R S v R AR E A RE TR (160 H , FLAEZ 100 wm ) 33 38 J5 M U FH 2B+ FR ARG AL
24 10 pm( Whatman Type 91, 52[E ) 2.5 wm( Whatman Type 42, %[ ) F10.2 wm( Whatman PTFE €, 9 [E )
FIUEAR (F6E) 76 BAR 47 mm PR & b gF A7 30t 3 WAl g, AT A5 31 =042 3 R 0 J0RE 4 - KR )
(10—100 pm) ,HIFRA) (2.5—10 wm) , 40K (0.2—2.5 pm) o USRS 22747 U8 4K & T BRI 78
60°C IYMEARTHIET 1 h 5 B T TR ML 20 24 b, IITTAEIEAT  FR B 1R LN BB DR R — 3, Z S5 W
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A IEACHIFR B T 73 22— 1Y 53 W7 K- Bk 0, Sl DR 79 2 22 1 BV A A AR W T 114 2 s A2 UK ) 1) B o W,
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B R VEE B R T4, 2 A E T HEE (Epson Perfection V370 Photo, 3542 (FH E ) A
BRAF], D) T4, 15 BB 5 5 A Tmage J1.46r( National Institute of Health , 32 [ ) 470 HFL S
(em?) PYTHEL B FEAAN R RLAR FIURL ) (14 B - T BR A s B8 ek ( AT f AR B fr i T AR 2R 52 ) RIS W, 5
S BB (pg/em®) .
1.6 HdEotr

R0 B BT BRI 54502 8 F R 20722 5047 (ANOVA) 374, 2 R LD
PEATII TN AL, J7 2243 B i e A 0 5080 1) 1E 5% 43 A ( Shapiro-Wilk K355, P>0.05) #1757 22 551 ( Levene's £
K0, P>0.05) 25 R KL IEAS P Aol 25 6P IR 0B TSR H L SRR SR, T 5 I A Dk o
AR HCBCR ASE FEAS ¢ K3 AT 0 A o I A6 23 B 19 $2 35 7K1 0.05, B LA Y {E +hn iR ” i X
T, BHREMGETHT I TE SPSS 25.0(1BM, £ [H) "R 5E i, 7 Origin 2018 ( OriginLab, £ [%) rh2x#,

2 #R

2.1 KERESH

I 1 B 5 WL (X 3645 58448 :30°14 Ny 119°41'E ) i % I sl 353 ( B % 4 Rl B L =2 iR 45
-5, http://data.cma.cn/site/index. html ) F& B | SZEGFEH AR T 5 4F PN [RI 3 H9 H ¥R 29 18.6°C , iButton &
IO R , SEge e R E N A H IR EZ) 25.1°C, H im0l ik 32.7°C , Z BT 10—14 i, FHARE
DA A T 50 R A A K T SO L A e B A e iR 3

ARSI E RS (B 1), RERNEANRSTE PM, B EE 5 (789.94+132.37) ng/m’, H¥HE
ABFE 5 h, &N PM, 19 24 h B Ty 214.64 pg/m’ KR 125 KBTI 48 B0 1.9 (TAQI = 265,
HJ 633—2012) ,J8 THEHE IS BT 5 LR IR K,
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Fig.1 Time series of PM, 5 concentration in the OTC during the experiment
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FEHR ) IR B K TR H 17 BRI IC sk (8] 2) ST P AR R IR B9 K I F AR K H5 it DA
Ml P ZAERRIY 0 AR451E 37.5% VA |-, PD AR 0,291 36.6% ( H ##MKHT) , 7EH4: T 54081 10 H 6,

U TR, A H R 2.76%, 4510 HJG (4 H 20 H) 0, F#KE 10% LT ,4 A 25 H 6, [ (K%
5%VIE , Z 5 H IR PD A AERAGE 24K A, fff PD 2004 0, 4ERFAE 2% —5% Z 1], 1 2 5L B 4G
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SEE IR, S LSRR IE AL L 2, P 4
SN E RGBS E AR 19 RIFIREAIFTE, 2= 5
H 15 B RIS HARSEBCE M I /N SR %)
AT Tl B, BRI AR, A AR A A S A8k, PD 4104
DRSS 8 RAE B A TR L4, it 6,28 14.
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W5 B  AESC RS AR, AR IR APRIRIR 5, X H 4 Date (H-H)
bk B AR (SR o B2 SUHIE PD A MR E KR B I E
23 é‘?iﬂﬁ*ﬁ Xﬂ‘ﬁ lﬁl*ﬁﬁ%ﬁ*ﬁ%lﬁ’ﬂ {%%ﬁ]?&ﬁ’ﬂﬁ Fig.2 Time series of soil volumetric water content of group PD

S W) A6 W A2 B (ARG 42 ) i (30.27 £ during the experiment

2.44) pwg/em’,P 45 PD A B0 IH AL 22 5 A B 3%

(t=-0.377,P"=0.719) , A RFURLH) A0 4675 B3 20 (16.21+1.80) pg/em’  FHIURI Y 7 (9.16£1.07) pg/
em’, MAHURIA 4 (4.75£0.66) pe/em’ (B 3) , IEH LK, P LA R XTA R A2 ORI 4 iy B S A2 T 14 K
B R AL AFRE SRR SRATE T b Ao 2 o 22 S O B 3 RORE ) 0 A TR ) B4 76 55 35 KA B KA 52.41
pg/em’ F19.98 pg/em’ B8 K £ 38.31 pg/em’ Fil 5.49 wg/em® , MLFURI 165 28 RASARR G K T
98.10% , 2 Jo W A7 KA ; T2 T 520, PD ZAE MR P B = R URE ) 76 117 28 K357 i st [7] () 4 % T 188 Rl i 3
25 KBRS R UR A 35 A, RBUR ) FR AR AE Y 45.89 g/ em’ FEAIRE] 28.02 wg/em” , I KELASURE 4 M)
P AE Y 18.39 we/em’ AR T 53.1% , BiANBURI IR SR 35 KINH B SR 22 R A B E, 4Bk Y1
S50 [R] 9 A5 Ak 55 55 PRI ASORE 42, LU BA S AR A SR AR T S R Y 25 R B 3 A KA IR SR 14 R, Z )R T
G/ TR, B AET AR T 0.89 we/em” , (HAT LRI EA T A2 5 2 1.13 pg/em’,

®2 THRHASHEGHRSRHIE

Table 2 Morphological characteristics of E. Japonicus var. aurea-marginatus during the experiment

5 0./% il H WERE/d TRERR
Group " Control date Processing days  Description of morphology
P 33.45+2.06 04-29 19 oy R BT BT
32.77+1.18 05-15 35 KRG AE R A0 I 878 58 58, /INRR A3 RELAR A &)y - 25
PD 4 28.85+1.23 04-18 8 A AEAR B R T
14.86+1.53 04-20 10 T R B LRGBS A i R B VR
9.05+1.23 04-24 14 HB AT RLR B A T DA
5.74+0.61 04-29 19 AR LA Sl IR A B 95 R4 B
2.99+0.35 05-08 28 BB ATAE IR AR A |, 32 0 TR 2 s
2.77+0.23 05-15 35 TR R AMRHRCRES | /I A3 A ik i i ik B A kA i

Ov: TIEARFLIE 7K A Soil volumeltric water content; P 1E 5 fit7K 55 2 %2 #% Exhaust exposure with normal water supply; PD . #54: T 5 B 57

Exhaust exposure with continuous drought

2.4 S R R R AR A B A Ak

S HATE] , 4 11 A R 3R A RE URE P R AR R B (DT R R ) UL IR 4, L DU EURL o 32 AR
(57.0%—66.8% ) , ML HVK (20.1%—27.5% ) , 20 WUk AR /N Bk (8.9%—16.2% ) , 1E % LKA, P 41 AE Ak
3 b KWL A BTk R385 7 H BN 2.3% , 4S0RL A BTk R AE | 21 RAIXT R E , Z 5 T T4 3.0%, #l
R LR RS2 1.7 9% RBR IR R 2L T [ F 2 T 520, PD ZHA R A b B S0 M b A2 4 iU ZE 1T 14 R 7846 B
i, F BB AR KR T MOk 2R T R, 25, RO AR R AR IR TE 1. 1% N, 107 4 B0k: 76 26 5 8
H DTHRR 2R T T 29 5.4%
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Fig.4 Particle size composition of particulate matter on the surface
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PSSR T ROS ARl R A AR A 04 405 bR it R ) T R R B IR I R e R A A AR,
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