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Abstract; In order to compare the differences in functional traits and the response mechanism to summer heat wave between

desert native shrubs and urban greening shrubs, four water-related functional traits (‘hydraulic, leaf, photosynthetic, and
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carbon economic traits) of 9 desert native shrubs and 8 urban native shrubs were measured, and the damage degree of plants
was investigated at the end of summer heat wave in northern Xinjiang in 2022. The results showed that nearly 74% of desert
native shrubs were not damaged during the summer heat wave, whereas 56% of urban greening shrubs were damaged. In
terms of hydraulic and leaf traits, the mean values of water potential, leaf dry matter content, and xylem vessel diameter of
desert shrubs were lower than those of urban greening shrubs, while the twig specific hydraulic conductivity, the quasi-
steady water conductivity, Huber value, specific leafl area, and xylem vessel density showed opposite patterns. With
regarding to carbon economy and photosynthetic traits, the soluble carbon content and water use efficiency of desert native
shrubs were higher than those of urban green shrub (P<0.05), the stomatal conductance showed an opposite pattern ( P<
0.05), but there were no significant differences in transpiration rate, starch and non-structural carbon content and
transpiration rate ( P>0.05). The traits integration of desert native shrubs (G=0.39) was higher than that of urban greening
shrubs (G=0.20). The numbers of key nodes and their associated trait pairs in the desert native shrubs were higher than
urban greening shrubs. The results suggested that the drought-induced damages of desert native shrubs caused by summer
heat wave in 2022 were lower than those of urban green shrubs. The reason is that desert plants have stronger ability of water
absorption, transport, and reducing transpiration loss than urban greening shrubs because of their advantages in water-
related functional traits and trait integration. At the same time, compared with urban greening shrubs, the desert shrubs can
coordinate the relationship among functional traits and adopt more diversified mechanisms to reduce the negative effects of
summer heat wave. Our study provides scientific reference for the selection of urban greening shrubs and the formulation of

regional ecological protection policies in arid regions.
Key Words: hydraulic traits; non-structural carbon; adaptation strategies; trait integration; drought stress

ZARFRARAEAC R R, B 2 IR I G AR LA R B A R SR g N, 2022 4R BRI FIE
WY 6 H i ARS8 40°C , Hfn i AR = T HABAE O FWIE (27°C) Y . 7 A a4 o A6 A
BB e SR A AR B 45°C 48°C N 52°C  #98 F 2y i de 85, HHET 7 H 12 H AR iR B i )G
HE 8 A 28 H e EHF 23 N A0 s3] 7555 ¥k 40°C DL E AT IE,  H R AT T4F (2017—2021 ) f°F
PR 11.6 £ VE—Fh ASRUCE  E PRI A ORI A Ay 2 20 38 2038 i i TR R b
R T S IR, DR 7K 7 sl K 7 2 i s | ke Kt R R 2 A M 32 46, B8 R BE T, i el AR A 44
Sl Y 2Rk A B R G e AR E T

PTR80S0 AR R A A A K B X A A A R B AT ek 2
JEAAE D IR T SR AR IR A A B NN RS R F AR AR R A T A S, 3T A e U
T BT AR B DI SR T o0, B R AR S Y RIS R PR A R AN T AR B, IR
TSR AR Y AL e FIERSE b FLRE X [ R 9 E R RE 1 55 TAR A AR 0 TR, 38048730 1 7 S AL AR 40 7 7 2 st
FE RSN S G A TOWE HERRIE , 2R BU e ST, BRI, FES T AR B[], SR A 4 32 B e e R
PSR b AR R T AR 2 Rl A & T R E S 28U 2 R R L RBE T MR TR
H2, T2 B HGRTE I LA i I RN 25 AN AR R] , AR5 7 11 30028 3h R R 28 % 1) A ol A 45 7
HINE AT R IR A FE A AL DO DA BRI & L RORI T SR B 2 R, HE R B AT TR X
e TR A I e AL

IR FIAR AR 4 22 57 B LA A5 ] B2 48 7 3ol T S P A 4y R 7 8 T A 4 b o7 %o A TR ML BEAS [) ) — S R
R KRR S AS M A IR A R R AT A5 A 1) 2854 0 AR BRI InZE s R SAL S
Huber Py, FIAE S A RFHR K F7 5 B sk s piR 5 b R AR A2 181 B4 7K 43 W i 2% Rk 28 S sS #e f
K BT UESE, A ) 1 A7 IR A R AR p i e bR B 25 S S SOk R e Y
e AR AL SE MR AZ A AR R i, A 3 P, s I SRR PR Se 2 ik h et (/K

http ; //www.ecologica.cn



74 RXEE I A5 T T A T e (T A D RE PR S A R 2 AR i) O AL B ) 22 S 2839

R Bk i FARALIEH (CBRYUK ) e = 5 9%, SO MR Z 81, 50T ok A SR 5 1 T 52 A
(14355 [0 AN Sl ot B — bR R At 2 R IR B 41 A S ) A, R R R TR PIR 2 e A
e 2R TS A o X AR 38 1 1 SRR 20 A I B A S SR R AR IR A AR R, PEIR
R AR R T 5 R A T SR 3t T BRI PR B A Ak, O LT DU R s AR B 2 4 IR A
HA R R A T R B3 R R TR 7R IR RR B A2 A 0 SR, e Z R K
2ERIEIREE A 10 £ BE 4 T T SR AL R AN & - I A R A i 107 ARG ALy T (R AT 92 BR AR IR A

HhEDHT R A B R R KA TN S R B i i Ty RN N IR R R RO M K
WM Z TR Mha 2 SRR R O RGE , 72 SRR R AR I | T AR R M i BT SR B 23.2°C BTt
3 26.4°C , W RM 32°C ETFEI 39°C , 2019 4F 2020 4EH1 2022 4F | 14 & B EHGRFE:, 2022 4F
PURBHANIE H 1961 4E IR K Ao ig—IK , AR SCHE 2022 45 5 2 HOR B 1] | e £ iy ZR BESE vy 45 v 35 7 3
NG BT E 7R BT DORS T B AL H I b SR PR3 X R 5 sl I 6 T Vb3 9 i & R A B
P 8 Tl DR AT ARAE K TG R R AL 5 7 TR 25 57 0 AR SCR 2% IR BUR ZK ) A DG MR RS A 7
Tt & Y R T SRR A 0 25 5, S 80T AR E FHGR B R R Ml AR TR, XX A )
ff i, AT oA SR b DX SR A AR ) 1 O o SR TS S

1 HREHR

5 DA T o P G R BT S /K A 96 DXt JR B oy 5 VD V5 PG S 1 G (R T B | DA R LA 2 i 38 H T8 3
H AR IX A2 IR R Bty A A R ) Tl B R 3K L T L SRR X AR S K R 100 mm , 4ESF-H
ZR R 1600 mm, H REETELZY 2800 h, Hi iR = SR 44°C , B i IR SIR-33°C , 4R F SR 6—8C ,
YRR 189 m, Y IR LUK (5B + o0 3 Eh AL BB 5y, pH [ R 7.52—9.29,,

2 MR SLI I E

2.1 Yrfbiks

2 JEOREAT B AN LU 1 AR PR DX BE R S LA Sie A R PE AN, B RSB & L IR AR I — )
Tl R/ NGET R 25 AT B TR SR A AR AN 2 AR 0T AR 5 RS 5 3 e 7 B AR T ER WA
WA H IR, LR B AR A TN, T DU WS B s b (1) N TAEERIHEA
(2) FERRTT P2 0040, 2 N R R LS AR, BIFFEIEN T 8 FhIn T SR AL RE A, 43 51 0 £L 5 K ( Cornus
alba) M= ( Prunus cerasifera) /N 22 0T ( Ligustrum quihoui ) 455 FEMR ( Amorpha fruticose) . T 75 1€ ( Syringa
oblata) JRVET (Ostryopsis davidiana) 3515 ( Rosa multiflora ) FXFE S ( Physocarpus amurensis) , “HHEBRTHHIE
FINA S5 AR A Y R 2R B S0 33X S A A AE B v 7 A ZEA ] B N R 23 Bel R 91 DA A 8 2 el Jl s

T3 IR B AR PR DY 2R M il 28 T AT A B S U RIS BE Y S XN, 3458 21 1 ) DL SAHE A S B8 %08
%, B U 9 Mo AR MAE MR X G, BT 4 0 J& H M ( Nitraria tangutorum ) | 3% 3¢ $ ( Alhagi

sparsifolia) . & & %& ( Reaumuria songonica ) . V% $ & ( Calligonum mongolicum ) . £ 17 K ( Halocnemum

strobilaceum) B840 ( Halimodendron halodendron) hFEA ( Halostachys caspica) .38 )TN ( Kalidium foliatum ) F
FEIRAIAL (Lycium ruthenicum) o A8/ INEOER 58 X5 52 56 19 52 M) | 22 4685 DX HBORE DX e PR 7E 341 22 4k | HYE FRLAS
i 3 km,
2.2 HBEPIRMEY)SZ PR R 2

T J5 A e 5T A R T Al T A T e 1) X, BB S R 43 5 A T 100 BRAMAR PRIRGR 5 1R T 5268
MZ AR . PIRXHEY RS2 BE SO LAT 5 28 8% R0 B B BE R RSB T (R 1) o A i) Be
1 2022 4F 8 H P M) A TR gm0 1E sk AL B 2 ZE R 1R 9 CRS 1T 8 2022 47 19 5 2= PR Y 47
STt 6 A 1 H—8 24 F) BV BUR LT 12 00 RR AT 15 5 FE S

http ; //www.ecologica.cn



2840 xR 44 %

®1 BYERFEARSEHNZREE

Table 1 The damage degree of plant caused by caused by summer heat waves
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Fig.3 Differences in leaf, photosynthetic, and carbon economic traits between desert native shrubs and urban greening shrubs
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Fig.4 Difference in trait integration between urban greening shrubs and desert native shrubs
Wi Wia ~ W 70 BRI R K S TE A 7K 3 B BTARK S RIIE A7 BOK 3, B2 MPa; Ks K Hy Fl P 43 3 RN B AR AR L S 38
WERRS KR A RE A TR 509% I 1K BA 50508 kg s™' m™ MPa™ [107%kg s™" MPa™ \m*/m*Hl Mpa, Dns 1 Ugs 433 K72
R A SIS AR s SLA (LDMC SWD D Al N 735l LU AR ik i T & B R T B SEHRMSERENSS ©
TS50 m*/kg ¢/g g/cm’ (um Al mm™; SC S 1 NSC 2 VER T M AAE S MR I A8 S, BT B0 % ; Gs . Tr Pn H
WUE 4332 S AL S ZEI R oG RN AUNBCR A S . XL RAR S5 50 R Hy 0, pmol m™ 87" pimol m™ 7"
pmolCO, m™ ™' il mol/mol ; Dns Fll Ugp 2 BRI & L HEAFNIRTITERALHEA ; 258 [T MR 15 £ LE A SN SR 567055 T S e R B 2R
LMoL AR A S ; P<0.05

LERIRE ISR FE IS B I RE I L A B BE RN R A ) R FE O T B R L R R AR 2 R
PSS RS S TE AR O, 5080 AP 2 B AL AN KR 0 K AR 2T L R K BTG 5 AR O e 14 A ok 28
JEw TIRMTaRAbiEAR . AR (R ) WY 2 M, TR S LRI AR AR AR
AR AR SR T AT A M M, DN T R A AR FE I KR
4.3 S AR A BSOSk AR X R IR B HLE 22

el & AR R VIR EE B E TR 2R ARl X RIIEEE & 1 AR A 52 T A IR WA I RE T
Gy iy B D REPEAR 6] (195G 28, SRS Fo LRSI AR o 5 A 1 52 T e ) 97 v 52 o 22 A A1, bt Ik 320
B IR ATSAL A SZ BN 2T Yang S ATURAUARE S 2 A 2] T 2RI AR, TR, PR
B KPR HOAE ) LR S KB A ) T BRI 5T . (e T AR MR EBE S b K T ik A7 S PR AN <
FLIT PR (RS AS KR Py WIS AL ZRI R oL SR K AR A ®E)
PEDR AR5 2% 1) S B3 0, i B0 R ) o 2 0 e 1 0 7K 73 B a8 R BB FL A T R A R T R Y 5
W20 N YRS SR A AR A A e i TR RO A REAE T DR O SR R A R AT L
T 22 (07K AR R R Bk B A BRAIEDES FIZR IS B s B K b4 o R I, B — 2o A 19 TE S W5 T 10 28 i
P17, o mT LS I Ty RO S K iz i EE 4 1 5 B2 K 7P MR R AR T 2= F

FEi & L AR T 2R A HE AT PRR AR rp SCBE Y AR AS R Sz e 17 R0 BORALBE Y 25 57 . DMk
FSALRMEVE A1 5, R VIR S - HEATT LUE 1 LI 9 0w AR o ek 5 RS 1 53l 1y 5 7

http ; //www.ecologica.cn



2846 xR 44 %

TET R h TKBED K, & BHEARCH AL, DI BT e 28 BOK Ty 523l iR . Rl FEIZEK
SrigH R AT REFR BT BTN s BT 55—y 2 B 2 i TR AR e e
LB ST TR o 1 I A R R M ORI 8 5 22 9K 4, LA T SR a5 A R, kAL
TP RPEIREE S b, S R A ASC R PR (HE M T BR 4 30 MK 2 ISR ) D SRR A, LG HE KUAY
Wb o X R, ISR REA Y 52 PR  EA TR R HLE B 8, AR, e H At it 14
B OCEVE RGN BTk B B Koy BTEFE M ZE IS 22k . R, SR HER ST AR Y P AR
5 HABPEARAN G , AT RERA TR ZENE 55 P 5 M R I DT R Z T B DG RN B, e T Bl X, R R 0] 52
BT B30, SBOR BT R AIRIE ™ H Py 75 2 R AR, X R QAR YK o3 A HE 2
R A s

5 ZitTRE

A2 2022 AFRFPIRMEE IR, K S BRERIZA R IR T S REAR . Sl 7e K ki
LH, FECE MK i RO ZE B R K B BE T 2058 TSR REAR . Siclt & LR MR B &
o TR ERACHEAR . SeBARYiE 1 PR IR DI BEMDIR I 1) 5 2, 4L DL H SR LB ( L LY oK Jiz
SR MG N ZE BERL T ) 4 e Tl AP e el U A SR Y B TR MR AR L O ST SRR AR T IR R
A I SCHET SR HLLAMMRIR D T, Rl 52 2 PR 917 0 SR s 5 ., 2 ) N 25 8 AL A Y
P,

HZFRIRA I R AR T S s i fE e R iR A o Ak, A R AR A B R — L R
AR, FEARSRSZE f  F ] GRS , 2545 P AN LSRR 2R A X SR AU AL I A & AR B4 7K T R SRR
PEATINGE | TR AL AE AN [R] I Bt S O it il A2 A A R el o A, T S0 48 7S 79 A 400 A IO X AR AL
LS VL S BRI ARIE] . 38N AT RS EEX K o R R 2 (R I AR 7 AR S B2, H
BARMEY B . AR R BRG] S AN A A o g D R B SR A ER 2 DROs B 3R e i £ I i — 2D i st AR R K
3 W ST PRI R , T S A AR MR, RN I B X Z BRI R AKER A iR R R A TR

2022 A AAICR LIORILE kg™ A F PR E B 25 H sk U 5 PR B AR SRR,
2022 4 5 AR R AR BE S IR — S8R, IR BT 2R A6 AR 2 R GE 3 T BB B R, 1]
SRV, A B I A G ek (AR IR, B3k 55 WU T A, 0 S I 1% 7% A B K T e b i e A 7K o0 IRl iz
i ARZREE IR B IR, AN, Db T SR A ) NN B A PR A RE T, R TR T R X, )
priik e BN ) Ne S i K7/ K (S E S f k7 U

S % 3L HR ( References)

[1] LuRY, XuK, Chen R D, Chen W, Li F, Lv C Y. Heat waves in summer 2022 and increasing concern regarding heat waves in general.
Atmospheric and Oceanic Science Letters, 2023, 16(1) ; 100290.

[2] LiuX]J, Tian G J, Feng ] M, Hou H L., Ma B R. Adaptation strategies for urban warming: assessing the impacts of heat waves on cooling
capabilities in Chongqging, China. Urban Climate, 2022, 45. 101269.

[ 3] Amengual A, Homar V, Romero R, Brooks H E, Ramis C, Gordaliza M, Alonso S. Projections of heat waves with high impact on human health in
Europe. Global and Planetary Change, 2014, 119 71-84.

[4] BE, 0K SRBIRASME RIS BERE. 5L SEREAE, 2016, 33(2) : 182-188.

[ 5] QuLP, DeBoeck HJ, Fan H H, Dong G, Chen J Q, Xu W B, Ge Z Q, Huang Z J, Shao C L, Hu Y L. Diverging responses of two subtropical
tree species ( Schima superba and Cunninghamia lanceolata) to heat waves. Forests, 2020, 11(5) . 513.

[ 6] Asgarzadeh M, Vahdati K, Lotfi M, Arab M, Babaei A, Naderi F', Pir Soufi M, Rouhani G. Plant selection method for urban landscapes of semi-
arid cities (a case study of Tehran). Urban Forestry & Urban Greening, 2014, 13(3) ; 450-458.

[ 7] Berthon K, Thomas F, Bekessy S. The role of ‘ nativeness’ in urban greening to support animal biodiversity. Landscape and Urban Planning,

2021, 205: 103959.

http ; //www.ecologica.cn



73

RXEE I A5 T T A T e (T A D RE PR S A R 2 AR i) O AL B ) 22 S 2847

(8]

(9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]
[32]
[33]
[34]

Teixeira C P, Fernandes C O, Ryan R, Ahern J. Attitudes and preferences towards plants in urban green spaces: implications for the design and
management of Novel Urban Ecosystems. Journal of Environmental Management, 2022, 314. 115103.

Moser A, Rétzer T, Pauleit S, Pretzsch H. Structure and ecosystem services of small-leaved lime ( Tilia cordata Mill.) and black locust ( Robinia
pseudoacacia L.) in urban environments. Urban Forestry & Urban Greening, 2015, 14(4) . 1110-1121.

Esperon-Rodriguez M, Rymer P D, Power S A, Challis A, Marchin R M, Tjoelker M G. Functional adaptations and trait plasticity of urban trees
along a climatic gradient. Urban Forestry & Urban Greening, 2020, 54 126771.

K/, Alison Kim Shan Wee, Tadashi Kajita, AARZS, BI05. PIFP LI 0 AS [R) Rl U5 405 155 00 RA0L 2 M PR D' 65 2 B 7 25 5. AEL )
Blezeidit, 2021, 39(4) . 424-432.

Lawren S, Christine S. Leaf venation: structure, function, development, evolution, ecology and applications in the past, present and future. The
New Phytologist, 2013, 198(4) : 983-1000.

SRES:, TS, MR, THEE, TEE, B BORUY IS R Tl E AT R R R 2 . A 3524, 2023, 43(16) :
6661-6669.

BUMGAR, M. R TR REMOR A A T e I . AR B AR RUBE. By S A 2431, 2019, 27(5) ¢ 523-533.

Choat B, Ball M C, Luly J G, Holtum J A M. Hydraulic architecture of deciduous and evergreen dry rainforest tree species from north-eastern
Australia. Trees, 2005, 19(3): 305-311.

McDowell N, Pockman W T, Allen C D, Breshears D D, Cobb N, Kolb T, Plaut J, Sperry J, West A, Williams D G, Yepez E A. Mechanisms of
plant survival and mortality during drought: why do some plants survive while others succumb to drought? The New Phytologist, 2008, 178(4) .
719-739.

Yang X D, Anwar E, Zhou J, He D, Gao Y C, Lv G H, Cao Y E. Higher association and integration among functional traits in small tree than
shrub in resisting drought stress in an arid desert. Environmental and Experimental Botany, 2022, 201 104993.

Pavlicev M, Cheverud J M, Wagner G P. Measuring morphological integration using eigenvalue variance. Evolutionary Biology, 2009, 36(1) : 157-
170.

Joshi J, Stocker B D, Hothansl I, Zhou S X, Dieckmann U, Prentice I C. Towards a unified theory of plant photosynthesis and hydraulics. Nature
Plants, 2022, 8(11): 1304-1316.

Reich P B. The world-wide *fast-slow’ plant economics spectrum: a traits manifesto. Journal of Ecology, 2014, 102(2) ; 275-301.

Powell T L, Wheeler J] K, Oliveira A A R, Costa A C L, Saleska S R, Meir P, Moorcroft P R. Differences in xylem and leaf hydraulic traits
explain differences in drought tolerance among mature Amazon rainforest trees. Global Change Biology, 2017, 23(10) : 4280-4293.

Cao S P, He Y, Zhang L F, Chen Y, Yang W, Yao S, Sun Q. Spatiotemporal characteristics of drought and its impact on vegetation in the
vegetation region of Northwest China. Ecological Indicators, 2021, 133, 108420.

Yang X D, Anwar E, Xu Y L, Zhou J E, Sha L B, Gong X W, Ali A, Gao Y C, Liu Y J, Ge P. Hydraulic constraints determine the distribution
of heteromorphic leaves along plant vertical height. Frontiers in Plant Science, 2022, 13, 941764.

Venturas M D, MacKinnon E D, Jacobsen A L, Pratt R B. Excising stem samples underwater at native tension does not induce xylem cavitation.
Plant, Cell & Environment, 2015, 38(6) : 1060-1068.

Sperry J S, Donnelly J R, Tyree M T. A method for measuring hydraulic conductivity and embolism in xylem. Plant, Cell and Environment, 1988,
11(1): 35-40.

Meinzer F C, Johnson D M, Lachenbruch B, McCulloh K A, Woodruff D R. Xylem hydraulic safety margins in woody plants: coordination of
stomatal control of xylem tension with hydraulic capacitance. Functional Ecology, 2009, 23(5) : 922-930.

Yang X D, Yan E R, Chang S X, Da L J, Wang X H. Tree architecture varies with forest succession in evergreen broad-leaved forests in Eastern
China. Trees, 2015, 29(1) : 43-57.

Hultine K R, Koepke D F, Pockman W T, Fravolini A, Sperry J S, Williams D G. Influence of soil texture on hydraulic properties and water
relations of a dominant warm-desert phreatophyte. Tree Physiology, 2006, 26(3) : 313-323.

Mg 2. AR R HOR ARG, R4 IEAR, 1993, 10(3) : 61-64.

Trifilo P, Lo Gullo M A, Nardini A, Pernice F, Salleo S. Rootstock effects on xylem conduit dimensions and vulnerability to cavitation of Olea
europaea L. Trees, 2007, 21(5) : 549-556.

Hewitt B R. Spectrophotometric determination of total carbohydrate. Nature, 1958, 182(4630) . 246-247.

Csardi G, Nepusz T. The igraph software package for complex network research. International Journal of Complex Systems, 2006.

BrtiR, SR, XSO, B0, SIS, B0 T R TR BB AGE R LA T RIETHLEL. Mol Bl 2015, 51(11) ¢ 113-120.
Esperon-Rodriguez M, Power S A, Tjoelker M G, Marchin R M, Rymer P D. Contrasting heat tolerance of urban trees to extreme temperatures

during heatwaves. Urban Forestry & Urban Greening, 2021, 66 127387.

http ; //www.ecologica.cn



2848 JAE = 44 %

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[49]

[50]

Delzon S, Cochard H. Recent advances in tree hydraulics highlight the ecological significance of the hydraulic safety margin. New Phytologist,
2014, 203(2) : 355-358.

Choat B, Jansen S, Brodribb T J, Cochard H, Delzon S, Bhaskar R, Bucci S J, Feild T S, Gleason S M, Hacke U G, Jacobsen A L, Lens F,
Maherali H, Martinez-Vilalta J, Mayr S, Mencuccini M, Mitchell P J, Nardini A, Pittermann J, Pratt R B, Sperry J S, Westoby M, Wright I J,
Zanne A E. Global convergence in the vulnerability of forests to drought. Nature, 2012, 491(7426) : 752-755.

Blackman A. Alternative pollution control policies in developing countries. Review of Environmental Economics and Policy, 2010, 4(2) ; 234-253.
PP, EALTE, 4. RAFYIK I RGN TR PE e R HLH] . YRS, 2021, 45(9) : 925-941.

Hacke U G, Sperry J S. Functional and ecological xylem anatomy. Perspectives in Plant Ecology, Evolution and Systematics, 2001, 4(2) : 97-115.
Hacke U G, Sperry J S, Pittermann J. Drought experience and cavitation resistance in six shrubs from the Great Basin, Utah. Basic and Applied
Ecology, 2000, 1(1) . 31-41.

Anderegg W R L, Anderegg L D L. Hydraulic and carbohydrate changes in experimental drought-induced mortality of saplings in two conifer
species. Tree Physiology, 2013, 33(3) : 252-260.

Ma C C, Gao Y B, Guo HY, Wang J L, Wu J B, Xu J S. Physiological adaptations of four dominant Caragana species in the desert region of the
Inner Mongolia Plateau. Journal of Arid Environments, 2008, 72(3) . 247-254.

Funk J L, Larson ] E, Vose G. Leaf traits and performance vary with plant age and water availability in Artemisia californica. Annals of Botany,
2021, 127(4) : 495-503.

Liu C C, Li Y, He N P. Differential adaptation of lianas and trees in wet and dry forests revealed by trait correlation networks. Ecological
Indicators, 2022, 135, 108564.

Ziegler C, Coste S, Stahl C, Delzon S, Levionnois S, Cazal J, Cochard H, Esquivel-Muelbert A, Goret ] Y, Heuret P, Jaouen G, Santiago L. S,
Bonal D. Large hydraulic safety margins protect Neotropical canopy rainforest tree species against hydraulic failure during drought. Annals of Forest
Science, 2019, 76(4) : 115.

Villagra M, Campanello P I, Bucci S J, Goldstein G. Functional relationships between leaf hydraulics and leaf economic traits in response to
nutrient addition in subtropical tree species. Tree Physiology, 2013, 33(12) . 1308-1318.

Gleason S M, Wiggans D R, Bliss C A, Comas L H, Cooper M, DeJonge K C, Young J S, Zhang H H. Coordinated decline in photosynthesis and
hydraulic conductance during drought stress in Zea mays. Flora, 2017, 227, 1-9.

Tardieu F, Simonneau T. Variability among species of stomatal control under fluctuating soil water status and evaporative demand: modelling
isohydric and anisohydric behaviours. Journal of Experimental Botany, 1998, 49 419-432.

Domec J C, Johnson D M. Does homeostasis or disturbance of homeostasis in minimum leaf water potential explain the isohydric versus anisohydric
behavior of Vitis vinifera L. cultivars? Tree Physiology, 2012, 32(3) ; 245-248.

Jupa R, Plavcova L, Flamikova B, Gloser V. Effects of limited water availability on xylem transport in Liana Humulus lupulus L. Environmental

and Experimental Botany, 2016, 130, 22-32.

http ; //www.ecologica.cn



