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Abstract

Aims Understanding and quantifying the variability of drought tolerance and the potential driving mechanism in
urban trees are critical to the prediction and management of urban ecosystem stability under global climate
change. The objectives of this study were: 1) to identify the branch hydraulic traits of trees at urban sites with
different percentages of impervious pavements in Beijing, and 2) to investigate if the drought tolerance of urban
trees is adapted to urbanization.

Methods The investigated species in the study was Fraxinus velutina. This species is widely applied to street
planting in Beijing. We selected six sites along the north-south axis of the city with different percentages of
impervious pavements as represented by normalized difference built-up index (NDBI). The NDBI and monthly
surface temperature at each site were obtained by remote sensing. The bench dehydration technique was used to
assess site-specific branch vulnerability to drought-induced xylem cavitation. Net photosynthesis rate, stomatal
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conductance, and maximal efficiency of PSII photochemistry (F,/F,,,) were also measured with a photosynthesis
instrument.

Important findings The percentage of impervious pavements was positively correlated with the water potential
corresponding to 50% loss of hydraulic conductivity (¥s), while ¥5, was found to correlate with pre-dawn xylem
water potential (¥,q) and vapor pressure deficit. A significant trade-off relation was found between specific
conductivity and ¥y, but not between leaf specific conductivity and ¥so. The embolism repair ability was
significantly positively correlated with ¥;,4. The net photosynthetic rate decreased with the increase in percentage
of impervious pavement, whereas the F\/Fy, did not show significant difference among sites. The results suggest
that the percentage of impervious pavements is one of the key urban environmental indicators affecting the
drought tolerance of urban trees. The hydraulic architecture of F. velutina showed adaptability to the urban
environment in the city. The study not only provides important research data for evaluation of the health, resilience,
and stability of the urban ecosystems under the scenarios of rapid urbanization and global climate change, but also a
theoretical support for decision-makers to formulate practical and feasible management strategies for street
planting in Beijing.

Key words normalized difference built-up index; urban trees; embolism vulnerability; hydraulic efficiency;
stomatal conductance
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MAE R BT SN E (Grimm et al., 2008) . 3117 {48
3T LSRR RS IR AR B, 7 X 38R A
A Bk RO S5 A8 b e R 5 %5 B ZEAE FH (Oleson
et al., 2011). HIFFEINA, 1EABRSEBINF T,
KPR = 3 U A kD S AN 35 K 2R TH LG A7
P, A0SR, AT RE AT 58 K AR A
RANFEEEG N, (H2I0 T LS RAMARLERE KT
S A0 PRI A, R 52 5] AT AR R BB T A £ R e 3k T
A 35 R G BE R (Savi et al., 2015). REH KE
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A S THT ORI AT, (ELR IR T AR S R 48 A K
JIEE RV R 3 T B A A5 H ATIe IR D iRkiE . 3
WA RGUE R . SN E M B R BN
FEAEAL, QAT S AP I TIT Ae 2 RE A  SR PR 7 T 285 K
NTHEZHIIER S (Meineke et al., 2013).
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At & FE, X 2T PR ARHRAE R 2 B e AL
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f(Scoffoni & Sack, 2015).
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Fig. 1 Geographical distribution map of the six experimental sites in Beijing (source: Amap). ADS, Anding Street; LDS, Linda
Street; LTS, Litang Street; SSS, Shunsha Street; WJS, Wangjing Street; XZS, Xizhimen Wai Street.
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ER (%) = PLC,q —PLC,q 9)

135 WmAXUZHE. FAGREMSILSEDN
M zE

1E 1) T T Bl LA B 344N 24 4R AR e A R T R 28
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BRI E 2 LRI N, ol B IR(EI3A). VPD
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Table 1 Pre-dawn leaf water potential (¥,q), monthly mean surface air temperature (75), vapor pressure deficit (VPD), and normalized difference built-up
index (NDBI) at the six sites in Beijing (mean + SE)

IELR bR
Environment indicator

Sig 25 Experimental site

LDS WIS XZS SSS LTS ADS
NDBI —0.342 -0.343 -0.302 -0.219 —0.123 —0.180
T,(C) 37135+ 1.943®  34.861 +1.083" 38.933 +2.077° 37.590 + 1.866™  36.044+0.930  37.301 + 1.757%
VPD (kPa) 1227+0.027°  1.107+0.092° 1.679 +0.039* 1.539 % 0.063" 1.701 + 0.102° 1.700 + 0.014
¥,q (MPa) ~0.665+0.039° —0.651+0.015"  —0.781=£0.027°  -0.845+0.019°  —0.994+0.011°  -1.107+0.022

AFEVNG FREOR A AL H 2253 22 (p < 0.05). LR AT A&

Different lowercase letters indicate significant differences among sites (p < 0.05). Experimental sites see Fig. 1.

100 ¢
80
60 -

LDS
[ ¥,=-0903 @

PLC (%)
(=]

LTS

Yoo =—1.228°

ADS
Y50 =—1.245¢

30 25 2.0-15-1.0 0.5 3.0 —2.5 —2.0 —1.5 —1.0 —0.5 —3.0 —2.5 —2.0 1.5 ~1.0 0.5
¥ (MPa)

B2 dbnteMsLih SR BSRINEgS 2. RETTHR, fESLIR S h BRI R T T I R E RS BRSO BUR A B
(PLOFIZK ()X B s, 2168 n, BB FTIG B SAPLC B RiK#, W5t =0, - BTl B SAPLC X iK% . ADS, %€
e, LDS, KB LTS, SLi%#%; SSS, Miyb#k; WIS, B nilt; XZS, VHE 1AM 7] Bl —AN[A/NG B3R 500 A ) 22 57
FH(p <0.05) PsofoL s 1A 1 22 57t 2 K FH 95 % BLAR X 1) 75 #8713 131

Fig. 2 Vulnerability curves of Fraxinus velutina at the six study sites in Beijing. Black squares, the corresponding point of the
percentage loss (PLC) and water potential () measured during bench-dehydration of branches in the laboratory; Red circle, natural
PLC measured at dawn and their corresponding water potentials; Blue triangle, natural PLC measured at noon and their
corresponding water potentials. ADS, Anding Street; LDS, Linda Street; LTS, Litang Street; SSS, Shunsha Street; WIS, Wangjing
Street; XZS, Xizhimen Wai Street. Different lowercase letters indicate significant differences among sites (p < 0.05). The difference

between ¥, among sites is tested by the 95% Cl-overlay method.
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JIEE R TE BRI B g K7, H KPR
Phbkag, HAH R KA TLTS (K40), (HH
WsoZ [BIAH R AT .

25 FEREBERNSHRBEIKEXR

Jb 564N HL 25 1 2F- [AIPLC 29 860%, 111 22 B R
SAPLCHIARAIR o« A ZZBPLC ARt 2 tHIW T
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K FERE PR 5533.33%. Lt kDB ENtS
PO LR IEF SRR, HAEE R EKF(E6).
26 SILSE. AERESRAXUZETFEE

BE K o e iR, RES G EBLT i
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Fig. 3 Correlations between 50% loss of hydraulic conductivity (¥sy) and normalized difference built-up index (NDBI) (A), vapor
pressure deficit (VPD) (B), pre-dawn leaf water potential (¥,q) (C), monthly mean surface air temperature (7;) (D) at the six study
sites in Beijing (mean + SE). Site see Fig. 1.
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B FLDS (21.17 pmol-m>-s™"), HAKAL AL T LTS i LA SEmab A S 44 1 S B0 17 PR 4846 4R
(14.11 pmol-m *-s ). 6N (I F/Fo% A BEZE R, W5 AR RS T AH F 52 A&
SEIG ) & Ml S R B I TR BOIRAS, BUEAL KRB, RV B AN 7K 8 SR A B T ) e 15K I
F0.828 6-0.841 9 [H](#2). )R AT DA IR A ) BRI 2 o, AR OK A
3 e . S ApHA%E(Messenger, 1986). IR T35 HA
75 7K 2 7 55 19 0 2 G 03 T AR AR AR TS R G H

31 ABEKEELHIEHATEEERTXER JKJE 71 (Takovoglou et al., 2001), —J7 TH &35 W) KA
AT BRI, NEKRHLB SHEDPLT FKBEEE THK RS, #5E8E5KE %
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(1), 7 —T7 MR S A TZ 7K 2% 1 s 1747
TE AR Z P, S20e 1 AR R K 2 IR (Amfield,
2003).

TE 8 S LU AT 5 v 1t X A3 A3 1 B o 8 v 1
VPDAVEAR I /R K #, ] Rl Ji DAL S S 1 38
FPERE L THEASVPDIE N, DL H SR 2 BT 1
TOFIANIE 7K 2 18 ()38 s 75 38K A B . = FEI
T FECVPD I T i 2 I L4 o A 35 (1) <A
ARAY s (Eamus et al., 2013). B A% KK TH LL A
I3, PoaPEA%, LLLVPD )T Al gE 0 AR 4

F2 LML BB RIL (G FRAR (PSIDFAIG I
7R ) P D) (PRI ).

Table 2  Stomatal conductance (Gs), maximal efficiency of PSII
photochemistry (F\/Fy,), and net photosynthesis rate (4) of Fraxinus velutina
measured at the six experimental sites in Beijing (mean + SE)

S R G, (mol'm2s™") FlFp A (pmol'm s
Experimental site

LDS 0.383£0.034° 0.8286+0.0483 21.17+1.730°

WIS 0350+ 0.016* 0.8419+0.0272 19.66 + 1.456™

XZS 0.254+0.022° 0.8397+0.0115 20.04+1.174°

SSS 0.181+0.026° 0.8334+0.0230 17.34+1.166°

LTS 0.138 £0.023° 0.8374+0.0351 14.11 £1.274°

ADS 0.157+£0.015° 0.8263+0.0194 14.63 +1.334°

ARNG FRER IR & S8 ) 22 5 B2 (p < 0.05). K4 A KL,
Different lowercase letters indicate significant differences among sites (p <
0.05). Experimental sites see Fig. 1.
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Fig. 7 Relationship between leaf specific conductivity (LSC)
and stomatal conductance (G;) of Fraxinus velutina (mean + SE).
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K3 Bl E RO R BE T RS (Liu et al., 2013). BEAR,
B 10 AR R B A1, VPDIS @ I 52 S LG
W, BRI A 1E MBS, B 25 K KRR
(Eamus ef al., 2008). 75 ZyEEHI&Z, EALH
VPD I Wso 9 3 AH 5P 5 32 ] E A P ALHE S5 SR 4R
TEW G T 33, X AT RS T s ACH 64N, F3L
WEZENAE K, FTELE DRI
32 HWEBKMEHWITWHIMNEG BN

Bt AN K T LA e e, 387K 4R B AN
VPDI) b T+ #5 BH B 7K 2 e e, Wsole 2 %
ik, BISLEM MM F U, 5t FRM 2 ENEE
J1 T FH(E6) . 78 7k 2 B ARLE KA i
TE P — o 3 oL PR 45 (1) B B A T A 2 SRR AIE (FK At
WA, 2000). KEEET ARESRA MR E
VIR R T SRR CANE 2 K S %
SR K U BEIR (Pfautsch er al., 2016), BEEHE T2
FERE RIS I, WA S0 L 50, PRI K45
FIRIRE g, RGN M. HlPockmanFSperry
(2000) FEIBIF 78 2 BT 50 b DX A= K A ) o o A A g 3488
Pike 2R S B T A K AR IR T b X A A
Pritzkow 25 (2019) (1) 5 72 tH 42 H B A i 52 14 HL A A
PRT IR, W DX EIR S AR — e R T R
N AT DA 5 L S o SR 1T 7E SavisE(2015) T = KA
BAERTRRIEAT I SE T, Bl DA Quercus ilex AT,
A2 N25 mity BT X IRAN i3 K R T L 3, 3
IR RIS K 5 SR8 N, 5 IR Quercus ilex
(RS 5 30 2 G 553 P AR 3, T 7 e R AR o R A
PRI &5 30T DL K 77 X B A4 (segmentation) 3K fift F¢ -
B KRS58 44N 55 I VPD AT JR 7K 35 5 A Sz 56
LR AL HARAR 2, BT IX K 23 i aa 3E
W, X5 R AR Mg S CE K FEE RS
M)A REA Z VIR R TEXMIENL T, MR LT
“DX R AL DURLGS ™ B A, R A i 4 i
TGS R ARAE 32 T A AR 2% B 7K 7P, HH IR g
TRl 2% A IR S A ZE i 55 1R I (9 B R (Johnson et all,
2016), [A]I;H T E ) Fo/ FuBEAREI0.8 LA T, HIN
B S (PR B B R IR o S [RI3 TH E 88 PRI ] i
ZH 0T a2 A —FF, AR BUCAS [F] (1) 58
s DA 52 B A R AN [ () 3k i A B, 9 HL T R
5 B AR X 4 R M 2 UIAR G (Liu et al., 2021).
K3 B AN B AR K 2R B N ARG 7RI 2 A TR
S PE L R, R — i K GRS N
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H AR S AE N BT A () 25 M S8 A5 1 [AIPLC I
RHEHRPLC [AfFE % 2 57, RWHKEHSIE
BHRAFERECEIR. AR ENBER IS
EIRKFBAHKRKR, BRKHBE, BEEIH
SR . AR T BRI i B B 2 A E S,
WA F N ZE M B R BRI 1A
IEEAY 5 B (Holbrook ef al., 2001), {H &
— R E IR MR R S KA T B, WA
Al LA I B B K oAb 7, A A S E IR E
IKME(FNEEE, 2007), Salleo5(1996) 11556 HH A 57 78
AbTF-0.101 MPazK#m}, 28k —RO0k W7 14 FE A it
K E T oK AE 775 W T4 55 (2000) Y 52 56 AR
(Corylus heterophylla) FURIH (Ulmus  pumila) ) 7K 3
5391 9-0.34 MPafl-0.60 MPa, 7EIXFF N T FK
R AN R I [A) J5 B R B 2 DR S 1190%, Hb e
M2t — R AE AT LSk 2, A O STk A 5258
HEH /N AR I /KRG RIT IR R K, HE
— AT LAYK B (Christman et al., 2012); KleinZ%(2013)
XHW A (Platycladus  orientalis)FKA ¥ (Pinus spp.)7K
FIEERHAT I AR I 1 A ZE B TR A 2 I &,
HHFRFEEE R IR — B E SR RAKHB KR
NS WsoRH 9% o SR 58 TR ZEMLI B AR A A R A
I, A8 22 A5 238 P AR AH 5C SRR v 3R W R W I i A7 AE
— PR ZEAE LS, IF 5K ZE NG 55 P — R T Y
FRHERE T HEY I IE R 4 K &K & (Brodersen &
McElrone, 2013), Zi& ARSI 45 RFATINA, 4K
JiREB 1 R AR e ZE B T BB S, B NRE B
%R BIG I g 0 .

33 KO EMMES RS E

T A 2% 38 TR B AS [T A 25 A A 7K 43
Iz At 45 O NG N T B W 38 2 4T m B (Pratt &
Jacohsen, 2017). Lk FILSCHI A4 5] s e B A
KRG, KIas RRYIBEE K> R,
GBS NT 25 BOFN B A I T AR ) 7K1 L3 AR 2
BT R AR AR K BE T BRI . XIAR 1 (2009) % %
EHM . HIM (Robinia pseudoacacia) 1t F W (Acer
truncatum) AT AN FEIFEFE T R AL H 5 R A AILSC
WA AFFEEE TR BT NKEIGE 1A LSCHI
FEME S5 VR S AE R O¢ R (Gleason et al., 2016). 4
WA R, VsoSkR2IEHRKR, BT A
IK AR 2 A YRR, 1X 5 Bucci®(2006)
7 — 35 AH Psokl SLSCHEA K KA S (]
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5), X0 g5 H, AT AEC . NardiniflLuglio (2014)
LRE T T AERI30N AR A TR oK 71 8
R I Wso 5 2 T i T AR K P 1K 5 36 A B 2 AH
Ko BEAL, MR KPR 5 B RS AR B R K
715 B (K) R A K 15 FE (Kowexytem) (FFHF
&, 2021). A FER IR BTERANIK 775 BT 7K
715 E A 5.3 5THR(Scoffuni & Sack, 2015).

Gy EAE Y WHO M CO,L iz HiiBH 7 1) =
TSR, R hE SRS e I AR AR (4 T8 AT
FAEFE, 2015). LSCHJ LAIR LT Hh sz B A F (7K
SIBERDIRBL, T K AR RS A 2 B AR L
Jt4 E(Brodribb & Feild, 2000). A7 RIALSCH
GAEYVIRR, UL TKIESHAILTERA—
SEMFEGIE R . X AT Re 2 B Tk 18 RS KA
FEAR, Tk N5 5 HEfL s SR DA, S8
KR fL(Tardieu, 1998). 448, HAHBRILH(E S
Sy E S ML RER (F T4, 2019), (G0
2T

AW FRAW T2 FE ALK Z 306 b
FHAE KR LI IN, SREAS IS afe &
HIHEAR(F/Fo) A R B B2, EiE el R T
Fetadh . KEMFREW, FJ/Forl UAWE YR 5%
IREE 30 [ 2 56 5 FR (Baker, 2008), WIS F,/F,F% 3]
0.75 A T R B REY) I B2 2R e . VF 2 HARE
BRGIFEE RFW], T FWa Nk 2tk b
TFHEAS KA R ke T B, 51ERSILF B T %,
CO ¥ A BH 771458, 5 e G T, FEEK
2215, {HE7E SaxeZ(2001) (1B 7T i i Ak 2 2 3k
AR B A K TmhofF35(2004) R 70 R 45 H 38 T
A2 A s 0 T L B ST AR S AR A A K 7 A
SR BAM ) P FPAS RS2 ot X R S 1 iR R AT
je 18 Gt iF AR KB LI 2R R RS
(Edmondson et al., 2016)F1 £k #ki5 2 (Fang et al.,
2001) B Al 51, Jo e W Ak 7 vk A0 T v HE B U £ ()
ez B 39N A A B AR ) 2

4 Z5ig

25 LRI, BT X 45 N AN 3% K SR T ELA 3
I, ATIER L EAS B SR . ANE KK T L
) T S8 VPD_E TR P T, B & AR K T
SERFELE RN o FEA IR B AN IE K R 1 LA
Thi, AR R 1A RBE TGRS AT e 2K

RESIRRAR, JeflR 28] T, (B Fe s
FJ/F¥RT0.81, U8 H 7 v AE7E IR B eIk,
F AR ERNT A6 I T PR B EAT B 1K ) S5 4
R o RT3 T AR A PR S AL BE I A 2% Kk R 3
TR AHIF 5045 N PRd I i A A A ek = i
B P ALEIR T AES RGBSttt
SEVEVEI PR AL T S B AU, PSR E )
SERTAT 0 A6 S 30k T R A B SR B 1 T E R K A,
OB RO T AR S R GRS E PR TR R it
Lo

Bt R AR K AR IFAA R A A S
(BLX202011);)|‘1,:‘,F17U o

S % 30k
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