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Mortality risk assessment and response strategies of Reaumuria soongorica and Salsola
passerina under varied drought intensities
Abstract: [Objective] Drought-induced tree mortality, resulting from hydraulic failure or carbon starvation, is hypothesized to be
modulated by specific drought intensities. However, there is a paucity of studies investigating the risk of mortality in desert trees under
various drought stresses and the corresponding strategies employed for drought resilience. [ Method] We conducted an experiment
involving the transplantation of Reaumuria soongorica and Salsola passerina into pots within a rain shelter. Subsequently, these trees
were subjected to three water treatments (i.e., control, slow drought, and rapid drought). Following these treatments, we assessed
various physiological traits associated with water and carbon. [Result] (1) In response to drought, R. soongorica and S. passerina
exhibited distinct changes in hydraulic traits. Under slow drought treatment, R. soongorica showed no significant alterations in marginal
conductance (Ks) and leaf-specific conductance (Ky), while both Ks and Ky decreased significantly under rapid drought treatment. In
contrast, S. passerina displayed consistent changes in KL. The water potential at which the hydraulic conductivity decreased by 50%
(Pso) was significantly higher in R. soongorica and S. passerina under both slow and rapid drought treatments compared to the sufficient

water supply treatment, with no significant difference observed between the two drought treatments. (2) Notably, there were significant
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differences in the hydraulic safety margin (HSMsg) between R. soongorica and S. passerina under all three moisture treatments. The
highest HSMs, was recorded in the sufficient water supply treatment, while the lowest value was observed in the rapid drought treatment.
(3) Under both slow and rapid drought stress, R. soongorica exhibited a significantly higher Ps, compared to S. passerina, indicating a
higher resistance to embolism. In contrast, the HSMs, of R. soongorica was significantly lower than that of S. passerina, suggesting a
lower hydraulic safety margin. (4) The main axes of variation in R. soongorica traits include net photosynthesis rate, Kg, Pso, midday
water potential, and soluble sugars in leaves and stems. Trees under the sufficient water supply treatment demonstrated the highest net
photosynthesis rate and Ks. Conversely, trees under the rapid drought treatment exhibited the highest P50, and soluble sugars in leaves
and stems. Trees under the slow drought treatment fell between these two extremes. Midday water potential, leaf-specific conductance,
and soluble sugars in leaves and stems are the primary factors influencing the variation in S. passerina traits, and the distribution of
individuals under the three moisture treatments correlates with drought tolerance traits. [ Conclusion] This study reveals that hydraulic
failure could potentially lead to mortality in both R. soongorica and S. passerina. Under rapid drought stress, these trees exhibited
increased vulnerability to hydraulic failure, with R. soongorica displaying a higher susceptibility to excessive embolism compared to
S. passerina. Notably, R. soongorica and S. passerina demonstrated distinct strategies in combating drought stress. R. soongorica
adopted a drought avoidance strategy, while S. passerina adopted a drought tolerance strategy, allowing them to effectively cope with
drought. These findings highlight the significance of considering hydraulic traits, non-structural carbon, and photosynthetic properties
when assessing the risk of mortality in desert trees.

Keywords: hydraulic failure, carbon starvation, drought response strategies
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S )% (Brodribb et al., 2014; Oliveira et al., 2021; Wyse et al., 2013). %, B PP SIERTMHSL, AN
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HRFLICHH S ALK BT 1E313 (Wyse et al,, 2013). FHELZ R, MR FhREG T Rl F 4R &1EH, IF
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5 B EA (0 (Suetal, 2012) . X B FESEB A AR BT P 000, BLAC TN & 2B 7K 77 2% 28 i LR ) RS 2 it
TAREF BRI AR AT B IR FRFRA TN A 8] i > 14 S5 B ARAEAS [F] - 558 B2 N /KRB AL T i,
TR SR B 2 MR R (1D TR RIgE T Rae i+ 5, LB R ge K 11k
ROET: . AEPRET BIHA S, ETER S KKK, BB ERE RS R R Mt (2) 4
WA BRI PR RIS A, RPRILH — P 23508, BERR I — i 2560

1. ¥R
1.1, MRIMERKEHE

RIAEH IR A KR A HEAT o T 2020 SFEHFFIHATAMMBRMER ZFH, BHAREK —MEKFEE,
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(Urlietal., 2013) Jr AARIGNE TR EEEHE, KIVEANIEF A E R KT ZH, uERM AL,
1.3. JKXFRFKINE
131 vhK#

H 7K 34 PRI 32 3 3 B AETE /R (4:00-6:00) FTIEZF- (12:00-14:00), F T3R80 A [ 85 K R i /N 7K 35
YIRS A B3 10em 245 4IRS, H 7% (Model 1505D; PMS Instrument Company, Albany, OR, USA)
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LW C=(Mfyesh.tcaf-Mery-teat)/Mresh-lcaf
SWC=(Mgresh-stem Mdry-stem ) / Miresh-stem

1. 4. XERMSAEZRNE
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4000 rpm &0 5 4380, R s . R _LRHERE 3 R AR KU I 9.2 mol- L i &R VA A BL,
LA 6000 rpm 250> 10 735F, W BiER. [FIFEE S ERAE 3 . d5Ja ] BE-IRARIAAE 620 nm KT I E
AR MERE S R (SSC, mgg!) ANEM &R (SC, mggh). AELEtEm & & (NSC, mgg!) NA M S5
ez M,
. Gt

N T ST ARAEAN TR /K 43 A B R D Re TR 1R Ak R phiE] ¥ 22 5%, {81 F] SPSS 26.0 F A4 H f R  y
ZE50 T (one-way ANOVA) J7vELWER AR, MOTREAS ¢ #0536 VA LU R 25 57, 23 KT 0.05.

N G HT B ARAEAN A 7K 4 b B R BP0 5 5, A Origin 2022 43 % E AT IR AT T 3565 704

N T BB TR AR PR 18] () B A ) 3k &R, A AT R-4.2.1 H “piecewiseSEM” BLBEAT T 7 B 4h
PR, IR Fischer's C it (Duan et al., 2022) W 7 AR AR LA, & T AIC MK
B, A, THE T AR FAR AL B AT R AR R2. B R A SR BR AR T R ST Y

= 1 MEIEIRGESTEX

Table 1 Abbreviations used in this article.

1.

Organ Acronym Definition Units
Yop Predawn water potential MPa
Yvp Midday water potential MPa
LWC Leaf water content %
L-SSC Leaf soluble sugar content mg-g’!
Leaf L-SC Leaf starch content mg-g’!
L-SSC/L-SC Leaf soluble sugar content/Leaf starch content
L-NSC Leaf non-structural carbon content mg-g’!
Pn Net photosynthetic rate pmol-m2.s-!
g Stomatal conductance mol-m-2-s-1
Ks Sapwood specific conductivity kg-ml-s-1-MPa!
Ko Leaf specific conductivity kg-ml-s-1-MPa!
Hv Huber value mm2cm2
Pso Pressure value in xylem at 50% loss of hydraulic conductivity MPa
Steam HSMs, Threshold at which catastrophic hydraulic loss of stems occurs MPa
SwC Steam water content %
S-SSC Steam soluble sugar content mg-g!
S-SC Steam starch content mg-g!
S-SSC/S-SC Steam soluble sugar content/ Steam starch content
S-NSC Steam non-structural carbon content mg-g!
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Fig. 1 Variation in the water relations between different species or treatment.
AENG FREOR AW MR R B 257 (p<0.05), AFIRE FREORBERITERELABLRI I ZR (p<0.05). *FRRA B TR 7 HA %57
(p<0.05), ns FRAFELER (p>0.05). MRGS WK 1. TIE. Lowercase letters indicate the variation between treatments for R. soongorica traits (p
< 0.05), and capital letters indicate the variation between treatments for S. passerina traits (p <0.05). “* indicates significant differences between R. soongorica
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and S. passerina (p < 0.05), and ns indicates no difference (p > 0.05). Abbreviations of traits are given in Table 1. The same below.
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Fig. 2 Vulnerability curves of R. soongorica (a) and S. passerina (b).

2.2. NSC Wy Rz

FRALRMTT &, /K A0 F R ) L-SSC. L-SC 8 L-SSC/L-SC 2 [AlfFfE &% % 5, H L-SSC Al L-SSC/L-
SC fEF 4 /K AL B R fE /)N, P+ F A3 N RER K, L-SC B (& 3a, b, o). H745K
AEFEARLG, M8 R ACE N L-NSC To W E AR, MAETRIE T RACE N B2 S, 18R Pod T 240 58 R
1) L-NSC z MR E 2R (B 3d). &/K/TAE T S-SSCy S-SSC/S-SC ¢ S-NSC 2 [HfF1F i35 % 57,
HAEF KT W E DN, PRI R N RER K (B 3e, g, Do 5 HKAFAHEL, 8HFITR
WA R TR S-SC BEE, HE TR EER (K 30.

MBS, L-SSC AN S —3 (Bl 1a). SRSKAIML, L-SCAUERE T R A8 T &
FHREC, SR R T R ERN (B 3b): [, L-SSC/L-SC{UAE P+ R AbH T W F K, 1831
BTN REEN (B 3c). L-NSC B S AHL, (5 2 Fh+ 5405 T (1) L-NSC Z [AfFE R # %2 5
(K 3d). S-SSC MM S —5 (B 3e). S MK, S-SC AP T 5 AL T 2 FR A%
(K 3f), S-SSC/S-SC WAkt 54 mb—5 (K 3g). 5K AFEMEL, S-NSC {NFEPRiE TR A BT
BERI (E 3h).

B T B AR B T ZLRD RIS BR AR 254G MERROK A A P 22 e R, 2LRPRIES 2R (1) L-NSC 1 S-SC X &
FER (B 3d, ), HARM L-SSC. L-SSC/L-SC. S-SSC. S-SSC/S-SC. S-NSC W& /NFEE (K 3a,c,
e, g h), 1M L-SC &#EKTEE (K 3b), WHBEKRMBEHTEE & Tan, Hinf FrEn]ge s,
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Fig. 3 Variation in the non-structural carbohydrates between different species or treatment.
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Fig. 4 Variation in the gas exchange or photosynthesis between species or treatments.
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Fig. 5 Principal component analysis of R. soongorica (a) and S. passerina (b) traits.
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R.soongorica (a) or S.passerina (b) traits, respectively.
SELRH SR EEEX L p A8, HodiR/E<0.001, 1I<0.01, HRi#<0.05. RELH LXTRL p>0.05, FEAH; Sk LI EE RGN BARFRHENL S E R BN THE.
AT R T Fischer's C EF1 p {8 LA R BZN R2. MRSES W3R 1. The weights of the solid arrows correspond to p values where the thickest is <
0.001, intermediate < 0.01, and thinnest is < 0.05. The dotted arrows correspond to p > 0.05. Values on each arrow indicate the standardized parameter coefficient

estimates for each pathway. The final model shows Fischer’s C and p values as well as R2 for each pathway. Abbreviations of traits are given in Table 1.

3. Wik
3.1 WARMEAR X T2 A0 KL

EAW A, (ERRE R T RMHA T, B BRI TG AR (] 4a, b), REARAK
VIRAEAERR Rk . HEAh, SR UK EA L, BRRAE PR T 2 AL B R ) L-NSC &35 %18, S-NSC &3
(& 3d,h); ZLRPI L-NSC A7 — B AL JiA, B S-NSC 7E1g i Al PRodi+ F A HE T 1 250 (&
3d, h), R 2 MR NSC il /3 Bl gs 25, 4ERFElde m AR /K 718 5i6E /7. Rowland et al. (2015)% #4
HRRMASARTE T I TE R, K IR R RRMIE TS, AR BRI AR A i I X F A
FHIS BV A2, (R RFSR 1) mRE K 3822 64, AT RE R AR 7K 3 R 2 FIBE T (Birami et al., 2018).

AT R, S0 aK A E R IR AL, TEIET RN, A MB BT Ks Ml Ky o E2
b, MFEPUE T RAE NP1 Ks f1 Ky BE R, BERI Ko 8K (B 1a,b), RFATEPUET 2
8RB ERIIK 8RN . X — R 52 Ji 45 R —%(Duan et al., 2019; Li et al., 2020; Pangle
et al, 2015). &0, Duan et al. (2019)%} i [E WV HH M X AR 38R0 (R, Z0kvipk. ERARST AIBFFR A,
SRER 5 (RI, 18l T5) M, SMAREA muEl 2 (8, JUiE+58) kRENR®E, HKkrig
LiE S U NS /L VST S ey 1 B T N = SN R o)A | PN TN - 101 2 A o N b b e
(Choatetal., 2018). AR T By b B &M K MUK B kR 28, — 7 A BN AL T E (B 42): 55—
T, @ A ZE R K R (B 3¢, @), HINRIVAvERE & B DU m A RS E a8 (B 3a, o,
T HERE K 4312 580 % (K 6, Duan et al., 2022). [FIEF, - F AT VAP0 B 048 e 4 T2 55 /N B Wep M¥ump
(H 1e, D), XFEAREM TIEE K EAW BRI EE I U 2 197K 53 (B 6, Sevanto et al., 2014).

Pso IR /NAT LU R K A% ZE40 1% (Chen et al., 2021; Luo et al., 2022), HSM #] LT 4 fh I 5E T
(Adams et al., 2017; Anderegg et al., 2016; Chen et al., 2021). fEARWFFH, ZLHPFIZ BRI Pso 7E 123 ol L is 1
AT B E R TR HKE 1d), KT 2R AU 20168 7). BAAE AP T R A8 T 4L
W BRI Pso L2 5, (B8 HE T 24BN ) HSMsp &3 K T HuE T2 A3 (E 1d, g), RUEE TR
i R AR K 1% A . SR, Lietal. (019X AEKAERRIE . BETRIARAE N I8 14 Bl 35 B 1 X6t L
AR, BRI Pso 1A Z 5. RONTE— Loy, 2800 55 1 10 1 B0 R A AE 40 A7 JE L R A )%
f11321%%(Lopez et al., 2016; Stojnié et al., 2018). AHF I [ ARLE 3 AN LI R I L3R fEAE W B2 57, X A]
REA Pso A A A AR 57 (1 J5 [

AR I, K Pso A HSMso M4 F 58 REASHTAMIE Wy 38 45 4%, A ¥ 473 5] [B] BE 4 (Shao et al,
2023; Smith - Martin et al., 2022), X8, ERETFEIET, 2000 Pso BERKTEER (B 1d), HSMso
R (B 1g), ULHABBER LA RD (i 52 B i o Ik U 42 2 SRAL (R B0 7 B 1, RIUK ) RO A wb FE BRAE
THIERE, mAREE, HS5FREEIR. T REE T, BITEE 5 KEK KK, Hawtt
237 it
3.2 MARRIMFREE

ARWFFCRIL, EEIREL (Pn). KRR (Ks) MR (Pso Pmps L-SSC. S-SSC) LA
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ARAS T 5, F8 70 BEK AL FE T B ARAT B R I S IR MK 7 is i R0R, Pl A0 BT AR B
KPR ZERE JANEE TR /7, 18T FAH R RN TP 28 (B 5a), BEWILLRD AT RE R IR 7
TR AR 5 CHP, 18 RIET 2. X — 25 R 5 2 BTt 7045 - — E((Fu et al., 2012; Kondoh et al., 2006;
Mota-Gutiérrez et al., 2020). /41, Mota-Gutiérrez et al. (2020)% 55 P4 &F o 358 74 IH-BFk OB 58 B0, B AR AE
BRI R DR KA R SR BUNE T BB AT, By 7 s 28 AR #E, —J7 1,
BRI VRS 7, ETTR TR DA D 2SS T AR, S ORBR EE BT IR 7K (Choat et al., 2005;
Ramirez-Valiente and Cavender-Bares, 2017). ZLW0HA —F B 2P, BIFE MM 7% iR R BRI ML
AN S5 Bl AT 5 v P e TR, 1T L AT DAORFR S (0 K A, FL I SOV R DAR 1 5 A AR v R e o
£ F#2 %€ (Kondoh et al., 2006).

M 2% (Wmps L-SSC. S-SSC) 2B BRMARAR R (W F 5l 3 MoK 7 B R B MR 53 A1 35 5 i S IR AH
K (KBl 5b), ULHILE 2 B 5 e 2 2R3 A] Re R AN 5 5600 . X — 455 A R E SR B 7L 45 R
—%[(Chen et al., 2021; Zhang et al., 2017). %11, Chen et al. (2021)%F 78 XU 44 A5 A8 P 1iel 5 £ 0 b 1 i 72
RO, wR IMESOE TR IR SRR, E PRI T RN . 2 ERE SRR BE e AN ) S
VER . Dai et al,, (2018)X A& A TAEA IR FUR I, REVIAEAS [F) T 558 B2 (1 e N3 AR ORAF, - 7K 3
MIF/KE T RENS, wREAREEE RSB, BRI ReE g R, Rk, iR se 2 2 Bkt
TR FER . TR R R R EE, S E MR ESE T R RARKIK 32, PN
X 5 A Y R o

DA S5 SRS [RRIE 7Rk 2, BIFE 2 BT 5 WmE ~, Z0Rb 3] Ge R U R 3108, 2 BR R LT 5 SR 0ok
P RWEL . SR, DU 22K VRPN Pt B SR AF A2 R B, ROE PR+ B %N, BORATRE
SRR IS 1 Tk “HHE” SRS A R AT REYER A B, A AR, AT SCRFZE R AE IS (Creek
et al, 2018). [Alith, &G ZEAMRAIZK JJPIRBI FOW AR BP0, I VELR I 1 AR AR AN [F]
PRI o

4. &g

AT TR, RS e s T R a F, BB BRI 5 R A K 19 OB fE R T R ha R,
2 NMRPR K s i SR AR g B E RN, RAEKITRBPIAR & E. i, 2B ER S R
FERRZEMAET: . FEIRPIT R A e, 20D R —Fhike 2 50%, BRI —Fhiig 2 500 . (1R
&, XTI FERAE A AT, RIAER 2 5 R AME R i i N A, PR DA %)) B AT R L
K 5 5% BT 5 W18 (Anderegg and Anderegg, 2013; Duan etal., 2022). R att, 7EAR KT R IAME K<
BTN, AR TSR AL T AL BRPU R T BN, DA ARAEAS [F] - 538 B N R AR 7K ) 2R R Bl
VR RUIE A K S R SIS o
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