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Impact of urbanization on bud burst and leaf unfolding phenology of plants along

urban-rural gradient in Shanghai, China
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Abstract: Urbanization influences plant phenology. The spring phenology, such as the bud burst and lead unfolding are key
biological indicators of plant response to urbanization. However, how plant phenology changes along the urban-rural gradient
and whether there is significantly quantitative relationship between phenology and urbanization degree in this transition zone
remain unclear. In this study, we used the observed spring phenology data of six common urban woody plant species stand
along two urban-rural transects from urban center to rural areas in Shanghai, and the distance to the city center as a proxy
for urbanization degree. We investigated the variations of plant bud burst and leaf unfolding phenophases along the urban-
rural gradients and their relationships with urbanization degree. The results showed that the bud burst and leaf unfolding
phenophases of the six plant species were considerably delayed with the increasing of distance from the city center. There
was a linear relationship between the urbanization degree and the phenophases of bud burst and leaf unfolding, respectively.
The urbanization degree, i.e., the distance to the city center, could explain 31.5—96.7% of the variations in the
phenophases delay. The delay time of the bud burst, the start of leaf unfolding, and the full leaf unfolding of the six plant

species were ranged from 3—15 days, 4—13 days, and 3—9 days, respectively. These findings can provide insights for
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understanding the mechanisms of urban plant phenology and assessing the impacts of urbanization on urban ecosystem

services.

Key Words: plant phenology; bud burst; leaf unfolding; urbanization; gradient analysis

WG SR 0 N BRI, & R AR A i TR PRI A A R N S Bt A 3 R e AR A
A PRI R BRI R AT T TS 2 RUEE A3 R G X AR AR AR e R, S ST AR AR AR A
R T SR8 AR AL AT & AR AR T A B STRE I L TR 2R SR IS 80T R 4 B 1ok
SIIAE R 10 B g 1 B A 23 5 i A 25 R G R AR PR R 3R 0 AR R R A A BT 5T 2 4
BRASAL AN T ARSI DF ST AT 2 BTz e

SRR T B BR R LAY W4 A 2 2 DR EAT Tk vl A e 88 DU Jay oty ROBE B e A ) T 2
U ST AR T RO AR S RS FE S A R B gh BREE A AR 7 o 3T b T R A%
JR B AR d EL UL BB T SR WA A (A5t UL 4315 2 TF) T AL i P 5 ) L S Ml i 2
SO A 1023 1E) S BT 0 52 22 S IR A AR S 2 DRI, S h AR B M 2 S MBS AR T A
(¥ BT S, 7T e R LB R A S

ST AL XA 0 A B S, SO B AR R T A G P, Ut A T A 2
o7 A A A R AR AT, AR ZR O I AR R ply T T A IRLE (4 T e 9 AT 4
PR AR B AR AL BT T ILRBIILIA , JF FLARAE B i i 1] 5 30 i AL R BE BUIE L Zhou 4558 1 1 25 v 5] 32
A T2 BT B S AT L X W e 15 b A B, 55 A i DR BE 3T e DX A AR A I B 0 S R i
11.9 d, Z5JISER 5.4 d'2, REERSP AT 4SRRI, U FEAHR A3 T A5 0T AR B M 140 5 W) LIS 7 o B 3 1
1 S RO, T XA R AR R TR LR XA K 2 15 0 RS AT eI £ 26 5 (ELR ALY
Wi S AL IR T AR E 22 B2 75 A7 A i ORI Tt — 2B

B BE A3 I L0 AR A0 BT, B 2 PRI FE ST A0 S5 A% Jm A= 25 R e 1 12 273 g
B0 BE (A5 L 2 7 St P 0T PR A58 DR A AL AN T A e RO P B B RS R R L £
HOR FHIE BRI P B A5 0 e 18 A0 530 AR BEAF AR AR DGIE ' 27 (BT e 2 b T S B AR 4 f
WSS SR LLRAIE 5 25000 i SR AB I X il B 25 B 05 A 28 748 A i) 17 i Ay S80I ) 0 A i B, 301 ) A8 )
(¥ £ 3ATE SRR R A i 38 A, TR0, 2 38 AP 40 i 7 7 % B 658 748 A 358 17 SR 1) e (R i b2
AR SR FH 3 T O 3 DX 1] PR 1] e 7 48 S AR EE B 6 R ARAS AR 4 i Wy e LI B | 3 B AL 2 R R )
IR R LT TRDEE (1) AEA I e AR B2 L i) A2 AR ARRAIE 5 (2) R A 0] 45 S A 22 [ R 75 A7 7
TERERR . WEFEAE R AT AL ST S A= 25 R GE R ma B AL BB Al

1 #R57FE

1.1 BT XA

WAL T AR Z 120052 —122°12' FIdb 4 30°40'—31°53" Z [8], ARl 43 , w0 I i e N 325 a3 oy ki 5
VLR WA S AR 6340.5 km® , AP0 SERGIR S ELY 4 m, TG @ T A0 R 2 XU S, S i
BRI, H FRFE 2 Bk 783, 2013 FEAY4E RN 17.6°C 1 A 1 A a9 430N 4.6°C i H 7 H
BSR4 SR 32°C , 441 H IR 1885.9 h, [k 1173.4 mm, IRTTAE S A TAERO 5, oA PR ot o H
N S s &3 ol N

T 40 A A PR T A TR R 3R T Ak e T 22—, BRTE N B 2500 1A 24
BRON V4% B e AR T 22— o 31T Ak S 0l i v AR ™ ke, 5 R S5 S 8 T, 3 Tl 0 5 255 17 g 5 120 40—+
Xt 3 T A AV B B A = A T R s e T

http ; //www.ecologica.cn



2398 B ¥ 4“6
1.2 3l S B RE U S o LI AR Al )
AT I TR UL Y 6 R A HE W AE Sy AR x
.
S F % 42, 43 )] J& T A0 ( Salix babylonica ) | £1. W 2% \\
(Prunus cerasifera) ,7JK*% ( Metasequoia glyptostroboides ) L;IJ iﬁﬁi%{*li h ~ \,\\\
R (Ginkgo biloba) KW} ( Broussonetia papyrifera) LA} ’: ;%ﬁi . \\\f\\._ N\\u\\l

B4 K (Platanus hispanica) [44—as]

Py B SN T 2013 4F 2—5 H b 47, Woshh
UL T2 5 D 0 Ay o AT s b DX (AR R T R 27 5 B A
X AR AL 6 i, LAR f B ia whoc 0 50) 21 B
DX, ) PG | AN ) VR T A BE e O ARl T B
3 km BEE AWM A, HOUI A %ERBTWI_JBT(WEU\
TR (1) £ UL A5 S B SE-$H ) JC T BH Y (2)
SRR AN T (AT kA ) o (B
S b AU SZ BN oA ST R G 1) DA K
UL e B 1 S5 R 2R ) PR S PR 15 AR i A A AN
B ™A 4o RN 52 i BIVER 52 07 1) O 3E 1E VU A IE R, A
M BEHATE 2N 3 km, F4 ,ﬁrﬂiﬂ?})\?ﬁlii H
TWIXHE IR A 8 AW A5, ) A7 DT X 22 %% Wt
JETERE A 10 AU, I B g 3R 19 /\XMHJ, =
(K1) o Xh 19 ASULINAEE ST GPS & A, 857 PR
SRR TR 22 A i T] 4R B B i T3 VR S 3
AR A AR B AR

FAE R R R IR 1,

\ \“
)i'
\]l

)),y/\

«ru

1 AEWHR I S 5 %5 B (Buffer: 0 FF 5 3km [AIFE A 22
X))
Fig.1 Distribution of plant phenological observation sites.

Buffers of 3 km spacing from the center sample

®1 EUMEANESHSIHER

Table 1 Description of the plant phenology observation sites
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