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Abstract

Aims Haloxylon ammodendron is the major dominated species in the Gurbantiinggiit Desert, which plays a key
role in ecosystem services: such as biodiversity conservation and prevention of dryland degradation. Frequent
droughts have a significant impact on the survival of H. ammodendron, thus understanding the drought resistant
strategies of H. ammodendron is essential for the sustainability and stability of desert ecosystems. Robust
hydraulic system and carbon balance are important parts of the drought resistance mechanism, but the hydraulic
threshold for survival of H. ammodendron under drought stress are still unquantified.

Methods We set up a control group and a drought treatment group for adult H. ammodendron, and determined
the water status of assimilation twigs, the loss rate of xylem hydraulic conductivity in branches, gas exchange
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characteristics, nonstructural carbohydrate (NSC) contents and morphological characteristics at upper, lower and
middle branches of H. ammodendron. We used one-way ANOVA for each trait among different treatments and
heights, linear regression for stomatal sensitivity and principal component analysis for drought resistance of H.
ammodendron, respectively.

Important findings (1) The predawn and midday water potential of assimilation twig, assimilation twig water
content and branch water content of H. ammodendron decreased under drought stress, but did not affected by the
increase of height; P50 and P88 (xylem tension causing 50% and 88% loss of maximum hydraulic conductivity)
did not change significantly under drought and with increasing height, and the mean value of P50 was —4.12 MPa
and P88 was —7.10 MPa for each height and treatment groups, while the hydraulic safety margin was significantly
reduced under drought. (2) The stomatal opening of H. ammodendron was not sensitive to drought stress, and thus
drought stress and branch height increase did not significantly affect net photosynthetic rate and stomatal
conductance in general. (3) The NSC contents of assimilation twigs and branches did not decrease under drought
stress or with increasing branch height; the value of NSC contents in the assimilation twigs and branches were
22.11% and 13.10% higher, compared to the control group. (4) The Huber value of H. ammodendron increased by
73.78% in the drought treatment group compared to the control group; the specific leaf area decreased by 14.60%
compared to the control group, but there were no significant difference between the two treatment groups. In
conclusion, the hydraulic traits of H. ammodendron were significantly affected by drought stress, but not by the
increase of branch height, and there was no hydraulic limitation with increasing branch height. Under drought
stress, the risk of simultaneous hydraulic failure of the peripheral branches at the crown edge was high, the
hydraulic safety margin (difference between midday assimilation twig water potential and P88) was only 40.85%
of that of the control group. Due to the low sensitivity of stomata to water stress, the shrub can maintain the
capacity of photosynthetic carbon fixation under drought stress, and even slightly increased NSC contents of the
assimilation twigs and branches.

Key words drought stress; drought resistant strategy; hydraulic trait; nonstructural carbohydrate; tree mortality;
Haloxylon ammodendron
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EERARAR AR TR A& R, T
PR AR AR . SR BRI SEIN (8] gk — 1
(Dai, 2013; Giorgi et al., 2014). TELERTEE KN, H
T 55 KW AR T: F AR R 4L K E (Allen et al.,
2010). W15 Wie /NG Mi(Populus pseudosimonii)
(¥ T30 5% A 58 (Fang et al., 2021), ¥ . F 30 (Salix
gordejevii)[JFET-(Gong et al., 2021)%5 . FiiEHEALE
Y RG-S AR R R E B OR, SR P
TR X TR P X A A 22 ATt 2 1T RE
SR R(FEE, 2021). Kzt XEYE KK RE
RS T, EEEREE ALK S A
(Noy-Meir, 1973). SARITS04FkK, FRIEFILHLIX )
B KAT HE N ¥R 8 (Li et al., 2013). fHHF AZKiES)
X 7K B AN Lt R B 7 SR (Yu e al., 2022),
e 33K I3 A2 2 A RN 1) B 1R o0 A R A2 AR AL, B
SR AR )N 33 A ROK IR, i eb s SR () S
SEME AT RE 2> 7 5 X Bk — 2 7K (Huang et al.,
2016; Tiemuerbieke et al., 2018). 7K43 55 HIfU N
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WA RE FEBUTE ARG R, BHEDAIE B IX L
A, Faxt AR R GRS AR AR A7 P AR IR I
M (Hoover et al., 2015; Grossiord et al., 2017), J
) 5 1 B AL RN 5 AL XUSE (Huang et al., 2019; Yu
et al., 2022). MRS T T2 XS sEAEY) A
TEIRIE, X TAMEZREERY . PSR
G ThREAS AL R TI B A AR A

T 538 T YA SRS IK R YEE
WK B IRRAS, BOR e A K A7 1 E
ELK 2 (Yang et al., 2021) . FE Y AT i@t — R 51 (1) 4 3
Wi 8 Je 2 R 5 87 SR B - 52 38 (Cooper et al.,
2003) AL A A A AE A A S5 e ) 5 — 3
28, mKE R BRG] R I R I B AR 5 3R LR
H1, LA 7K 23 B3 % (Chaves ef al., 2002). {HIEY)
e E =K 252 R, I RExH AN [F 21 2
(AR LR PR KA B P B s S SHL oy P AR S o RS
Y2 R Z Rl R R 2 5 iE T, D4
FF 41 B2 5 1 B2 2 (Hartmann & Trumbore, 2016). 1
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b, FEYIAT I R B R S PR IE B R 3K A BB AR AL
(Yang et al., 2021). WX TS BN UK, Y
AL R AR, TR R T /0N B P SR B
F(Werner et al., 1999). 3 H., tEY) ] @t {15 K
FR K T AR B LU AB SR 4E R R K 73 BB AR,
B ANHAH R 18 (Carter & White, 2009). X} T F 4215
RN S, B E T R, R AT
23 B4 B 40 2 (top-kill), 1E {484 B A 4 R
MM NS E, XA REA B TR T B hE N A
1#(Bond & Midgley, 2001; Chen ef al., 2021). WIFFA
N R E IR TS, AR R T R AE
o rEE, B T KR IFIELE T FK RG240
(Fang et al., 2021). VF 2 EEARLEN S T R A T
M BIA K IRAA, 22T B S7. HLTU AR BRIAR R
WSKERG, FIH S Z B LA (Schenk et al,
2008; Anest et al., 2021), HoH /K FRi%E T 285
PSR T 28 AN (Schenk e al., 2008), X &A% T
TR I T I XS o WIChen %5 (2021) % 405 A A
YT FLR I, FERLET R IR0
FECTRRS AESE . SRTM, TeAREAAL IS A2 A K A
(R R 2 LM AR BT 5 SR g (Beikircher & Mayr,
2008; Schenk et al., 2008), 4 HTFA X HEAALL J5 HE
VI R R AR R .

TR HIBET AL R0 2 50 % DA 5(Chen et al.,
2021). INIHME P HE A B T-7E4 1 el T 557
5 A AR ST LI (McDowell, 2011; Chen et al.,
2021). AHFFLRM, RAEDE ZEGIME S AR RS
T 5 A 17 8 1% V) AH 9% (Brodribb & Cochard,
2009; Choat et al., 2012). BT R LEK, fE
VIR A AT RE SRR S T8, S5 KORBTER ™ A e
ZE, TV IR IREOK 73 BIRe 70 F B, TS 2
B ARHIZET:(Choat ef al., 2012). 7K SIHIRIE AHE
Wi B - 5 1) = 22 T30 K] 7 (Anderegg et al., 2018),
B A BTN ke ZEHE L RE J1(P50/P88 (Fe KT 7K FE
1171 2% 50% 1 88% I A JiT 8 /K #5)) FH K ) % 4= 1 5 5
IKFTHR I 5, AT A B T AR 2 PR 1 T R e
BETBIE (Choat et al., 2012). JL4& 78 KE I 8] A1 75y 5
R R F T, KRBT R S EOE T R
A& —(Chen et al., 2021), {HHFMARKIET T
FEV5 K VF 2 M ELAE FH R SCBR AL, FEASBE# S i
1B 3(Anderegg et al., 2012; Trugman et al., 2021).
B, VBT B RS AS K SRR A S FE

FHOG, ALK P& IALE £ (Anderegg et al., 2012).

McDowell55(2008) ¢ Hh i LR R Ui, A9t A2 5
T e 5 1S AFLOC AR e e e A [ R, S B0
SCRA, M A AF A R 25 R P ROK AL G P HME DL SCHE
HAFEFERT, R BRI, 75 AWM ARBIZET . It
Ab, ERIZE TS AT R KB
WAET B e T R AAL, DAYERFTEE 1 IR K
#, (HE R RKkRE 2 N, S kAR, Tk
SEIKF Y TAAET B8 LR FF TR, IR
P 7K A5 Bt S5 Pl A o R S B, LA R v D [ Bk
77, ARG S Sy 77 A AR ZE 1T 5 K 7K 77 2K % (Zhang
et al., 2020). $RTM, 2<HSSLUAGERFR 7K 35 1)
T W A = vk 5 B DUAE A% ok A 46 9 AR,
Garcia-Forner%5(2016) & Il 25 /K A48 Y Pinus  edulis
FHESE K B Y Juniperus monospermatt- 15 frid
TR SGH 7 HAAL. X R W R SR
TEA A I RS /K A A SR R BRI AE 75 K,
&5 K BAEDHA — 7 2= K AT (McDowell et
al., 2008). HGarcia-Forner&5(2016)fHfF 7 e H, dE
K FH Y RSB R ZE SN, AR EAIHEA
G JIKITR . ik, 72— a1
B IHE N PR SRS AT A s AR T L
fil, JCH R T #m T R A R M S .

AR (Haloxylon ammodendron)se—Fh B4 KR
R AR #h 2 AR CHEYI(L er al., 2019), T
AT AT TR, & RIS R DB A, 7R
AW Z RV FIBT 1EoK iR R S5 5 T B A R S
ME(Wu et al., 2019). K, BHTURENL. H
TAKAL T BT, R IEEZR TR, &
A AR SO A SR 9 b X AR ARG TE R (LA et al.,
2019), XK BB 2T 2B X ARG RS
DIRERI T RFEEME . 2400, HVF 25 EN T 2ihE T
AR AR B S R R R B AT IR AL, WA R
(Gong et al., 2015). BIEWTI(Li et al., 2019). K7
FI 025 (Dai et al., 2015) 1 2 PEIR(Xu & Li, 2008)
& AL, XuZE(2016)0 A [FAMA KN R IR BIE 7T 45
h, 2R PT R RIS K B A4, KRBT
FET-H) FZRE A, M E WA TP 2 ks I LK
BSBAERKZIR RS KISR0, HTHRR
G B BRI 51, HOSHK TR
DU EE RO, 1 A B 1 5 e R K g IR AR A
() BIME, X ELARBAAS 1 X S B 4 A A7 s 1 Tt
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PASBET WL ER T . BEAh, A 57K I3 IR A
KAV A I8 HiAH % (Liu et al., 2019). Ff H.
W B N 5 R A (ke ZE e 5 14 DL S R T S AR AE W
Az, REH TR AR & 3G 0, 518 KA
T 5 E AT, JGH 2 F R (Trugman er al,
2021). b, HifE 1R 7K JI BRI BASF 2] 1T
12 B35 IE (Koch et al., 2004; Stovall et al., 2019; Fang
et al., 2021). SR, RREKB AT RIAEARBTF
K, BEARTESN BAERRMERE /D, W E2-3 m
(Song et al., 2021), TFFARTEAS FIARM K = AT IK 10
m (Sage & Sultmanis, 2016). FFARFEARMITFE, HHA
SERIR AR, HIFERE LA AR HEEHER
FF, REAMENEN BB BIAN T KRG
M, X FEUK I 458 2 FEVE 34 N (Beikircher &
Mayr, 2008). SRTIHEARMSG, HHAR AR AR 345
R A A s R (KK I BRBIVE FHan ], Aimar. +5
[ I8 T HEARRL IARAR T e 5 T R (/N E M (Fang et
al., 2020) A —HE, FEAAALE RIS S G ) K
TIPEARAEA, LA 56k DG S A FEATAE & FE L1
Jefa Ty . DALt A Fie i R A AR AR AR T R il
NANE R FER R DI RE MR RIS, IR R E R
RARIK TIPEAR BN AR S5 M ROK AL &M & BN A,
BT HPU R RS AELEIE TR R, AR ARAR S AN
WA 53 A X IR (L FR 2%

1 #RFAEE

11 #HREER

SIS A T R PR R DB R 2%, B R
Bt B B e A 2 R G W0 IR 96 3 1 3 A A 40 [l Y
(44.28° N, 87.93° E). %A dAY iyl 5 KBk 5,
BERINTE, XFEA, XTRIKKE422 C,
HFE R mAm44.4 C, FFRR6.6 C; FREK
#70-180 mm, FZKE1 000 mm (Xu et al., 2017).
Zh SRR N e, VR IR 2 R TR T
15 AR AMEYI A RAR - HARIR (Haloxylon persicum)-
Z BB Tamarix ramosissima)%5(Tiemuerbieke et al.,
2018).
1.2 It

AR RN TN R, #RiEN(2.95 +0.24) m.
AL, — R X IR, 5 — B A
EF A3 . 20194F4 H 22021410 H, XHEZH A
PIRRARIEAEK TN H R — IR, IKERE %
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DL EAFAE B B K 2 1R, LE A AR R AR
(1) -39 K A I8, T 5 A B 2H A S 06 3 1) U 42 1
B, (H AR . X IR LN T S A P 20 &%
HARRIRAR, X REZH AR AR AR KA RR, AR LB 1
Flik; S AL A KRR K AL, K%
N, I B AN AR I BRI 5 R R
P 5 2% 411 BBl IR R 2% R 20 3 A BUORE s B, R B
(0.3-0.6 m)~ H#(1.3-1.6 m)AI_E#B(2.3-2.6 m). T
20214F7-10H, APk BRI T S50
13 KWHE
131 TIERKENE

TE7THASH, FIR A5 25 50 %8 0 HE 20 A0 2 4b
PRI FFARIE AR N 70-220 em ) HIEBEATEURE . 0
100 emt/ZEERE20 emEUFE—R, 100-220 cm®EkE
40 cmBEURE— V. BUREJG ST RIS NER &, 7 0] S2 86 =
PRI, B 5 ON105 CHEF, HET 2.
132 KRR E

FE7H20-25H, Z 18] S AT — 8 o i
I 6 PR b e 8 AR AR, BB
NS A [RGBV B A A RE T gk e gk )
(A 2R 34, g H R NTBCR IR AR UK &, B S
5 [A] SE 36 % H /) %= (Soil Moisture  Equipment,
Santa Barbara, USA)Ml & 7K 3 o 112§ 72 vl i e
N R AR R 7K 35 5 7 2 1K 7K 3508 31 °F- #7IR 45 (Fang
et al., 2021). ZZHIEIMLAL K B0 i 6] H H ET
(1130 min, IE 7 [A 6 4% 7K 35 (W) 100 52 7
13:00-15:00. £ & 22U [FI A0 A K 345 1 [R]I, 3645
B AR AT oK E R . HE A2 —RF
FREUEE 2 5, K BN6S CHEFEME T 2 18 i &,
HFiESKE.
133 AESHNZE

FETH20-25H, FENE T2 R S [F— K,
XIRRAR R (1) i R S il AT g I 5E 1Y
I IEJTE IEZF 19 11:00-13:002 1] o [R]AEXF P B Hb o
AR, EFF—H % L. . TE3-5SHTH
A, BUR a5 HON e 2K i, SZRIH
LI-64008#% 20 &1 (LI-COR, Lincoln, USA)J & Y
HHEFRSILFE . A2 om x 3 emMFENHDE
o 2L OGIR B AL, iR E N1 500 um01~m72-sfl,
VE BB 9500 pmol-s . # I AR A 2 (Johnson
et al., 201 1) SHARAR I AL BURAEEAT 37

g =—mmnVPD+b (1)
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X, g W AALREE, b NBATKIREZ(VPD) = 1
kPalif () ZH B 5%, —mE ik T g 5T VPDI RS
134 KEARRIBSEMIEFMESKIREILR
M 7E

1E7H25H 28 H 30 H A, A A 2 S E A2
JEXT RN BALBRAHAMRR b R SR BRI SRR
F G IR R 2R . 7£6:30-7:30, X PR
FI3AMRMRR by iy RS IR RN EA — 0k
SRR SR . BURER R 90.8-1.2 mo BUFES
SERIRON A ZE R A L, 7E7K R BE Y 25—/
(L em), HHBAFKPEES ORI %, 7ESL5
FHaaTT, FRAMEH 2R3\ Z2(Brodribb & Feild, 2000)
e TR IR K S EKEN(16.99 + 1.57) cm. Bl
Ja, MHUFER 2% BT — B K FE8(20.90 + 2.33) emlf)
¥ 2% (Fang et al., 2021), P 56 Wi P J2 )2 22 B, Bl
JER BRI P E RN e E . %
$EE 65 cmim 1) KA 52 (L A0 I w2 B 75 16 & 77,
Ui IE I 4 A SO & TE (Liqui-Flow  ML120,
Bronkhorst High-Tech BV, Ruurlo, The Netherlands),
EH G W IN A5 R 25 W46 5 2 (KG) - Bl R B ok i 4
e E, YL CN20 mmol- L' KCIAW, ik
JE 71130 kPa, #¥E20-30 min/i, K5 H UGE R
B3 0 5E & B SE B KT 7K (Kimax) o

8 2 SE N R R R S5 A2 k2 2E (Chen et al.,
2021). FEMERT, FAVEH B R THERZSEN
LR AT EEEEAT T IR, B AR TEIEIAR PS50 R
—3.20 MPa, P88°4-7.09 MPa, X523 SE NN 4E
TR . R e 8 fo K K BE A SR T R AE Hoh
&R, DUEERARENSE N, MERNEE
(Model 1505D-EXP, PMS Instrument Company,
Albany, USA)PXELE BRI, i ARy
1 min (Rosner et al., 2019). Fifi 58 I s 52 AR 25 X
NS 758 /K H 130 min (Rosner et al., 2006). Ff
YN JF 2 422 380 300 T o 2 L B K BE (K)o SR
Ja, BE R E R S K PLC) E T 90%
(Zolfaghar et al., 2015)s PLC = (Kpax — Kn)/Kmax *
100 4% 56 T B R 28 i 4% el 2% T FE A R 26 AR 7
2 PN 0 B EOC R 15 3, {8 H sigmoidal #l&
ZHRECR R, %G R FH R A “fitple” . 58 ik
(Duursma & Choat, 2017). & REEAAMT:

PLC =100/ (1+exp[a(¥ —b)]) )
K F12 4 FHSM) TR

HSM50 =y, - P50 3)

HSM88 =y, , — P88 4)
135 LMK ENESENE

fE8H1-5H, B3 AR £ . T
S [EACAS AN 2% o BDURE J5 i [ SE 36 3, TRON105 °C
HEAE30 min, BESROSEATIR 265 CHE48 ho ¥
ik 5E 1) FE & 8 FH EKR BB {3 (MM400, Retsch, Hann,
Germany) #3285 N B 3148 . 3 B AR R ARy be E vk
SE ARG PERR KA & ¥ & & (Zhang et al., 2014). i
MUV -2401PC %3 3 J% & i1 (Shimadzu Corporation,
Kyoto, Japan)7E490 nm4h il 5 2H 23 H 1 ] 355 1 H A0

AR ARGTEROK A S S BNk 5 R
PERE SR A

136 LM EFRRFAEARERENE

FEOH 1-5H, 72 # AR (1 EL - 1 AR 47 7R
o SO B AT A A4 FL . TEB
K 26 1248 .« H 34 1 (Epson Perfection 2400
Photo, Seiko Epson, Nagano, Japan)3$#i% 2% A i 1]
FfEz, {6 FImage JERARTHEFR B A 1 RGBT
o BfJa, B FEALERONGS CHEFEHE T 218 i &=,
HRRHT . R, ARSI~ R e A 260 14k
WEAE, HT iR AR (T PR 5% AR T R
B IAHE, PTAABR I UM A, et
AR TS T R b, SHAA R E
P AR H AR i ) (R sz T AR 2 B
14 BIEDH

FIHISPSS 21.0%F -8 &K E . P50, P88, 2]
FACBRK S B R R KA Rtk Sk S, ke
EKE K EIR. e EER, SILFE.
FEA AR R KA S & B Sk ARSE M PRk
KA G SR ARSI R AT B R R T
Z7#t, FDuncaniki 1T 2 EILEL, FIHR 4.1.2
[ ggplo2” BT . SFLBUENE BT, FEL5H
PRI GBS R E A1) 8 RERF
1 F I BB B3R AT 26 PE [R5 . SR FHR A iy preomp iR 1
XIRAR S AEARIEAT T B3 73 A, H“ggbiplot” @7
F R o4

2 RIS

21 TIEEGKE
F220f140 et ZRE, SHAR R L ZME
KEYET T RABHAE). o, SR 5
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B8t Da Dpg apg =g | (P
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0 [ |
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Bl AR AN [R] 2 IR P A 3 5 7K P P (B
®)o MFEREFEEFRIR A — A FEA [F] L 2R LA 35 22
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Fig. 1 Soil water content at different depths in Haloxylon
ammodendron sampling plot (mean + SE). Different uppercase
letters indicate significant differences among soil depths of the
same treatment (p < 0.05), and different lowercase letters

indicate significant differences between treatments of the same
soil depth (p < 0.05).

AbFR LA 1 3 K I LR EE 3 N T
FEE
2.2 KM

Xof R A AR AR % v A 2% I PSO AN PR 5 T+ B Adb
A 2 (AT 2= R (K2, Rl). WHRARKR &=
(B FIPSOFIP8]TL . 7 7, by HRAN R EBA-F14P50
N-4.15MPa, b, F1. FHEEFAP88A-T7.28 MPa.

A, TRAFARK B . FEHIPSOAIPSS[H
FLREZER, b b FERFEP505-4.08 MPa,
1M P88N—6.92 MPa.

X IR ZHARAR 75 e B2 B BR A R K By . IEZF [4]
R RS A K BRI & SR B E S T
PAHH, HIAANAAFEREEZ T3, Lk
X B IR A T A, % ] ()X S /K o A2 B
febrtBh R 2R, by b R RI R —
o BRAk, S HEZH RN 5 A FE ZH AR AR B W R AL
K F4 3 3 B = T P50, T 1E 27 [R) AR 7K 5 0] 24 EEAIG
T P50, HT 5 A F 350 1E 4 R AR K 35 2K
TP88. BAKMI S, XIEL L. b FHEA- T 1220
FEACK B IEA R R KA Rk Sk 2R
% SIKED BN —2.53 MPa. —5.14 MPa. 75.15%.
30.26%, 1M T4 . b FEEFE2
WEOKF . IEF R EK S Ffk &K BRI %
EIKEHIN: —3.99 MPa. —6.04 MPa. 70.80%-
25.39%.

ANVE R IR R BUK 3 5 P50 2 (HSM50) 5L
= IEF AR K 4 5 P88 2 2 (HSMS8) 15 2 1 /K 11
AT, PR T R A B KT R 4 (K
4), SFHEZH F | A R EBFIHSMS0 144 A-1.00 MPa,

P88 P50 P88 P50 P88 P50
100 | Il o | | 11 o2 Middl | | 11 FEU
L {{| ~ TF#Botom od | N i Middle | I Lk Upper
N K %8 Control l\:\' 1 % & Control %’I\. 1| Xt Control
80 g + | | | P50 =(—4.35+0.10) MPa | . ) 1 P50 =(—4.13 £ 0.33) MPa~ | 4 | 1 P50=(-3.98+0.71) MPa
| #| | P88 =(—7.67 +0.26) MPa | | | .| P88 =(-7.02£0.56) MPa| | | o s ol | P88 =(-7.14£0.73) MPa
<
< 00| N o\
Q\O
= | | | | | | | |
& 40| 1 o ¢ ]
2 | | 1 | | | | |
S ol |1 1t L] | L]
'g | | 1 | | | | |
1<) | | 1 ° o | | | | |
: 0y 1 1 Ll 1 [ 'l 11 | Il [ |
= P88 P50 P88 P88
S 100 ~ ! | 11 F# Bottom 1]l I 8 Middle - 11 1 3 Upper
2 i LI 11 o
E : ' fm Drought E\,m I} % Drought ‘\f\ ! : : 5 Drought
o || |P50=(-4.15£0.71) MPar-  |e| | || 1P50=(-3.82+0.61) MPa[~ '|° \e ||| P50=(-4.27£0.41) MPa
& 4| 1P88=(-7.02£012)MPa| | || 1| 1P88 = (—6.88 + 0.42) MPa jo| 1 ®°\ o [¢| P88=(—6.86=0.86) MPa
s ® L] | Lo re $lee
i Il o s [ | oo
o 11 Ne [ [N ® o
1] I o] 1
11 11 [ 1
L] 11 L] 1
L s L
T 11 1 | T I LI 1 |
-8 -6 -4 -2 0 -8 —6 —4 -2 0

JE 77 Pressure (MPa)
B2 MRRARBB S IR ML . B S 7 2R K 37K BE 52k 50% AN 88 %o i A5 #4852 1) /4 1 7 (RIVA 5 #8 ) 7K 34

(P50, P88); HEZRFNBHR A95%IM BEAS XA,

Fig. 2 Percent loss of xylem conductivity for Haloxylon ammodendron. The vertical solid lines indicate the pressure on the xylem
(i.e. the water potential of the xylem) for 50% and 88% loss of maximum hydraulic conductivity (P50, P88) respectively; the dashed

lines and shaded areas are 95% confidence intervals.
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RL XA T RN b AT R R R S 50% 188 % IR A 5T #E K #(PSOFIP8S) (T3 (H+ARHEBR)
Table 1 Xylem water potential for 50% and 88% loss of maximum hydraulic conductivity (P50, P88) in upper, middle and lower branches of control and
drought-treated Haloxylon ammodendron (mean + SE)

P50 (MPa) P88 (MPa)

F# Bottom 18 Middle E# Upper F# Bottom & Middle |3 Upper
HHRZL Control —4.35+0.10% —4.13 £0.33% -3.98 +0.174 —7.67 +0.26™ ~7.02 0.56* ~7.10 £ 0.074
T-54H Drought —4.15+0.17M -3.82+0.16" —4.27+0.14" —7.03 £0.21" —6.88 + 0.24" —6.86 + 0.09*

AR E FEROR R — A B [ v B A7 7E B2 22 7 (p < 0.05), ANF/ING P BEROR R — g AN R A B i) 22 7 B2 3 (p < 0.05)
Different uppercase letters indicate significant differences among different heights of the same treatment (p < 0.05) and different lowercase letters indicate
significant differences between treatments of the same height (p < 0.05).
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Fig. 3 Predawn assimilation twig water potential, midday assimilation twig water potential, twig water content and branch water
content among different heights of Haloxylon ammodendron in control and drought treatment groups (mean + SE). P50 and P88 are
the xylem water potentials for 50% and 88% loss of maximum hydraulic conductivity, respectively. Different uppercase letters
indicate significant differences among different heights of the same treatment (p < 0.05) and different lowercase letters indicate
significant differences between different treatments of the same height (p < 0.05).
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Fig. 4 Hydraulic safety margin among different heights of Haloxylon ammodendron in control and drought treatment groups (mean
+ SE). HSMS50 and HSM88 are the difference between the midday assimilation twig water potential and P50 and P88, respectively.
Different uppercase letters indicate significant differences among different heights of the same treatment (p < 0.05) and different

lowercase letters indicate significant differences between different treatments of the same height (p < 0.05).
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Fig. 5 Photosynthetic rate and stomatal conductance among
different heights of Haloxylon ammodendron in control and
drought treatment groups (mean + SE). Different uppercase
letters indicate significant differences among different heights
of the same treatment (p < 0.05) and different lowercase letters

indicate significant differences between different treatments of
the same height (p < 0.05).
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Fig. 6 Response of Haloxylon ammodendron stomatal
conductance to vapor pressure deficit. The shaded areas are
95% confidence intervals.
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Fig. 7 Nonstructural carbohydrate (NSC) content of assimilation twigs and branches among different heights of Haloxylon
ammodendron in control and drought treatment groups (mean + SE). Different uppercase letters indicate significant differences
among different heights of the same treatment (p < 0.05) and different lowercase letters indicate significant differences between

different treatments of the same height (p < 0.05).

R2 NS HELLAN T AR B AR AN [ i AR 2 B R RIS 2 B R PR AN ) 35 B CP 3 (i v 3%)

Table 2 Soluble sugar and starch contents of assimilation twigs and branches among different heights of Haloxylon ammodendron in control and drought

treatment groups (mean + SE)

A3 Treatment % Height

4k Assiassimilation twig

#%% Branch

A VERE Soluble sugar (%)

YEN Starch (%) TATYAETERE Soluble sugar (%)  $EH) Starch (%)

X #E Control T#B Bottom 2.48 +0.45°
FiE Middle 2.57+0.14%
b3 Upper 2.83 +0.24"

F 5 Drought T Bottom 3.81+£0.37"
Hi# Middle 3.4840.58"
¥ Upper 4.43 +0.49™

3.61 £0.62"° 2.62 +0.70" 1.41+£0.17%
3.13 £0.30%° 2.21+0.39"° 1.75 +0.28%
3.57 £0.59" 222 +0.20"° 1.71 +£0.29%
3.72 £0.56" 3.01+0.27% 1.56 +0.07%
3.12 £0.59" 3.01+0.14% 1.34 +0.33
3.65+0.714° 3.03 +£0.19" 1.53 £0.13*

AR5 - B IR A — A B [ e B K P (BT AE 2 28 5 (p < 0.05), ARG - RER IR Al — i FE KA R AL B ) 22 57t 225 (p < 0.05).
Different uppercase letters indicate significant differences among different heights of the same treatment (»p < 0.05) and different lowercase letters indicate
significant differences between different treatments of the same heights (p < 0.05).
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Fig. 8 Relationship between branch xylem hydraulic conductivity loss rate and nonstructural carbohydrate (NSC) content of

Haloxylon ammodendron indrought treatment group.
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Fig. 9 Huber value and specific leaf area among different heights of Haloxylon ammodendron in control and drought treatment
groups (mean + SE). Different uppercase letters indicate significant differences among different heights of the same treatment (p <
0.05) and different lowercase letters indicate significant differences between different treatments of the same heights (p < 0.05).
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WL A 2B bR (Trugman ez al., 2021). W1Anderegg
Z5(2016)i I X 43R4 5 i Imeta s BT, IE B K
JIVER A IRV SE T 3 M B ATk, lRE 1 70%
BB 3 . PSOFIP8S LA KK T2 Al Fiie /K JIPER
R RBE T I B I R -, 4 A RAE T AR
IR BE 45 2K 50% F18 8% 1) 7K #(Anderegg et al., 2016;
Powers et al., 2020). —/%1f1 5, PSOFIP8SHL K ik
1ET0), KIJ2e Al A, R A% 28 i 55 14 bR
{=i(Anderegg et al., 2016). EAFFLH, XfRELLFIT
AL 2 APPSO P8SIHFAFIER E X, T 5
JE IR I A AR ke ZE Hutk . A B Fi4e
H, B AR SEGUMEAE Tl P 38 S 280N, T £E o [a]
FH T A [ 1R R 2 T ) A A5 45 A7 A R IR A8 5
(Mayr et al., 2010; L'opez et al., 2021). X}, AIBEMN
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Fig. 10 Principal component (PC) analysis of each trait of drought resistance strategies for Haloxylon ammodendron. ns, no
significant difference; ***, p < 0.001. ¥,,4, midday assimilation twig water potential; ¥4, predawn assimilation twig water potential;
B.NSC, nonstructural carbohydrate content of branch; BWC, branch water content; g, stomatal conductance; HSM50, ¥4 — P50;
HSMB88, ¥,q — P88; HV, Huber value; L.NSC, nonstructural carbohydrate content of assimilation twigs; LWC, assimilation twig
water content; P50, xylem water potentials for 50% loss of maximum hydraulic conductivity; P88, xylem water potentials for 88%
loss of maximum hydraulic conductivity; P, net photosynthetic rate; SLA, specific leaf area.

FR RS FH T BRI T A SRt R JiE
(I M2 R, 38 mT A R, (R AE P B 5 4 7
[HIHRE | P50ELP88I A £ € (Choat et al., 2012).
IEA, BRARPSOFNI P88 FF A B =y B2 K AE AR (3R 1) X
5 Fang 55 Q021X /NE ¥ 55 Te R B 7L 45 R A F],
AT R TR IR, PSORE R = A 38 b ifi -, HLiFE
3 I T NS R K B R, 845 B v FE RS
I ZERE T e o (RPN X B A 555

AR HAGE H, A # e e T R a4 5,
XA S ZE B G M P AR BN, AR A
FET ) XU 15 5% /8 (Trugman et al., 2021). LiuZs
(2019)XF 1 281 Fh A A W) (1) 7K 73 14 4K 5 % v 2 [A]
KAEMBE IR H, BEARPIPSOABEN A & B K AR AR
R EHEARBUNA, 28, Tt A &,
AT AIEEA10 m (Sage & Sultmanis, 2016). 4
BE T AR AR T FE K295 + 0.24 m), JBIERIEA,
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A REFFA SRR TR B B S S, AR
o PEE PR 6 A o S0 38 LA R X e v P e ZE R B T,
[l ikt P50 11 P88 1 A il 1 B K 42 A8 4K, . Beikircher Al
Mayr (2008) (1) Bff 7 [\ ¥ ¢ 30 E AT 25 16 Juniperus
communis ssp. communis I . N EBIIPS0TE R E )
ZEt . AHAH T B2 nT LA R 2 TR R IR AR
AN, AT R M

I 1 7K 43 RAEAR R 52 257K 7 MR 0 B il
(Fuet al., 2012). /KFHEK MR E VIS, & Bk
WA K 435 BRI B B e b, A =% T DL B B2
RAEIS A SZ B PRI B A2 FE (1) K /N (Breshears et al.,
2009) . Koch %% (2004) X} 4t 3% 4 ¥ (Sequoia
sempervirens) (fFik112.7 m)PIWE TR H, AT
7K A5 B AR v (6 384 I T B ARG, A7 76 B 2 7K 7 BR il
FangZ§(2021)X /NE (W = £110 m) R H 5T R FE 4R
H KA B m G0 52 T . FEAR R, &
TEARAR K AR PR (B2 BH [F AL B K 35 L IEF [k
BRI 5 7K & DA 2% 5 7K ) 35 R B e
BN A B E A (EI3). 1080.01 MPa-m ' 7K 3
1 F (Scholander et al., 1965), A]GEAS KRR =4
HA 2 7K FT PR o[RS TS 2% (9 7K 2 bR 300 Bt AR
AN R S R, R 7K 77 BR AR U 1 i AR
5o AR KA P50 P88 2 2 BT 15 B (/K 1124 4=
WK, TRPE NRR K I 24l B2
BEAIG, ELTEAN R 2% v TR 1) 22 S e /IN o kb, st
TR HTRIL, T M AN [ = R R 2 A
R A K T RS R R G 55 3 7 S (P 10D)  1X 3R
BYE MR T AR, AR e S A R) v B A %
KA T BE 2 [F I 2 PSS, FF 5] ki 2E S BUK S5k
R, IR AN A RN R FERO I 4 . 3X 5 Davis
£5(2002)%F Ceanothus crassifolius I 7045 FAHL
VP2 WEARM R, 76T 548N i T Iud B B
KIE ST BRI, S BUAM K T3 451 77 3
FAAT K S (Schenk er al., 2008), 1414
DX AR 1) —F F FRARG LS o X PR el M2
KRB S K 11 1B — 5 BRI KIETE
B2 28 TAE T 530 N e B (0 0 v 358 43 &M 2k kA s
BE, DAt — B KA, AT AR T £
& ot I bt 2% B (Fang et al., 2021), IXHAAXTHR
JK IR A [ A 58 45 i (Hochberg et al., 2017).
32 T EMBTHRIRBIERI SR

FEADBE T I A R R B USSR K T iR v BE A R,
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H B AT GEAH ELE F (Anderegg et al., 2012). Z A KT
TR, ZF S IErszm, LR kK
(3t — 25 R B, H Uk AT AR R R U S B A ST 1l
(Sevanto et al., 2014). SR1, TEAMFCH, BRI
GG DL R AL T B 5 52 T S 2,
BAGAERE L 2SR, B MR iR FLEUR
SINT I, BRAR B A AL — R 1 S b
ARUHSILTE NI (EG), XK T
AT AN K G 5 EABUK, 5 WusE(2019) 15 7t
iR X WA A AL T e N YRR
LSRG S AER . MAh, BT T RE TR
MR IEAA RS BT NG LE X B2 B A TR
BIETR 5173.4%), LA Frisc/s kT R ZH
by NECEIME RN 4.6%) (K19), XD T
OB A8, RN IR 3G 0 7 A% 4 1m) R4 A () 7K
SRLERRE T, IXATAFRARAE T B Wil nl DA4ERF—
5E IS AL T AT I 5k

FELE I B A A PIE GG AR F I 2724,
5T afiE. feERuASIE Y SRR
(Hartmann & Trumbore, 2016). 4 FI % T T iriE T
TP AR PO D) & BB S L 25
[J(Martinez-Vilalta et al., 2016). ¥, £ 5
WA, BT AR TET I, M TERRK
WEYEERTHE s, TEE B TR
WL RE = W FE, & ¥ 2 B McDowell,
2011; Zhang et al., 2015). {HAWFFLIEH, T 5 W
WAREN MRS MK LS & RIFA S TR
(Anderegg et al., 2012), HE &5 2T+ (Fang et al.,
2021; Gong et al., 2021). AT 7T A I E L5 A PR K
WED) & EIET SR A BRI, E2H T,
A E ARG M MR KA B ) B AR A 2
(BN kA B EAAET). BE, KB
i 9% P AL PAI A 7K 43 Hl S ke AR 2E 1) XUz, T
LKA e ERE — 1 AL 3 B R R AR B i
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