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Abstract To clarify stage-specific differences in the functional status of a typical sand-fixing shrub following
stubble treatment in an ecologically fragile zone, we investigated approximately 50-year-old Haloxylon
ammodendron individuals in the Minqgin desert-oasis ecotone, Gansu Province, China. Four treatments were

compared: no stubble, half stubble by branch number (50%) , half stubble by height (50%) , and complete

stubble. Approximately two years after treatment, architectural traits, water-related functional traits, carbon
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acquisition traits, non-structural carbohydrate (NSC) contents during the peak growing season, and fine-root
segment traits from the 80-90 cm soil layer were measured. Correlation analysis, principal component analysis,
and the entropy-weighted TOPSIS method were used to evaluate trait associations and overall functional
performance among treatments. The results showed that the multidimensional functional trait configuration of H.
ammodendron varied among stubble treatments. Compared with no stubble and complete stubble, the two half-
stubble treatments generally showed better aboveground architectural status and functional maintenance
characteristics. Half stubble by height(50%) demonstrated relatively better performances in mean crown width ,
number of living branches, native water transport capacity, hydraulic safety margin, and organ NSC contents.
In contrast, half stubble by branch number(50%) showed certain advantages in net photosynthetic rate, fine-
root segment length, and specific root length. Correlation and principal component analyses revealed
associations among native water transport capacity, hydraulic impairment, stomatal regulation, chlorophyll
content, NSC accumulation, and fine-root segment traits , suggesting linked variation among multiple functional
traits following stubble treatment. The entropy-weighted TOPSIS evaluation indicated that half stubble by height
(50%) had the highest comprehensive score, followed by half stubble by branch number (50%) , whereas no
stubble and complete stubble exhibited lower overall functional performance. These results indicated that, for
approximately 50-year-old H. ammodendron individuals observed two years post-treatment, half stubble by
height (50%) showed relatively better performance in aboveground architecture, maintenance of native water
transport capacity, and growing-season non-structural carbohydrate accumulation. This study provides a stage-
specific reference for stubble management of aging H. ammodendron plantations in desert-oasis ecotones.

Key words Haloxylon ammodendron; desert-oasis ecotone; stubble treatment; multidimensional functional

traits ; hydraulic function ; nonstructural carbohydrate ; fine-root segment traits ; entropy-weighted TOPSIS
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A-E represented basal diameter(D,) , plant height(H,), mean crown width(W,,.), number of living branches (V

), and dead branch rate (R_ ),

MC LB DB

respectively. NS,50% HS-BN, 50% HS-H and CS represented no stubble, half stubble by branch number(50%) , half stubble by height(50%) and

complete stubble, respectively. Data were mean+SE (n=8). Different lowercase letters indicated significant differences among treatments (P<0.05).
B1 ARFHEAXTRERBEERKES

Fig.1 Differences in architectural traits of H. ammodendron under different stubble treatments
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A-F represented sapwood-specific hydraulic conductivity (K, leaf-specific hydraulic conductivity (KD, predawn water potential (¥ ), midday

water potential (W ), percentage loss of conductivity (P, ) and hydraulic safety margin (H,

), respectively. NS, 50% HS-BN, 50% HS-H and CS

SM

represented no stubble, half stubble by branch number(50%) , half stubble by height(50%) and complete stubble, respectively. Data were mean+

SE(n=8). Different lowercase letters indicated significant differences among treatments (P<0.05).
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Fig.2 Differences in hydraulic efficiency- and hydraulic safety-related traits of H.ammodendron under different stubble

treatments
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A-E represented net photosynthetic rate (P ) , stomatal conductance (G ), transpiration rate (T ), intrinsic water use efficiency (W) and chloro-

phyll mass fraction (@ (Chl) ), respectively. NS, 50% HS-BN, 50% HS-H and CS represented no stubble, half stubble by branch number(50%) ,

half stubble by height(50%) and complete stubble, respectively. Data were mean+SE(n=8). Different lowercase letters indicated significant differ-

ences among treatments (P<0.05).

B3 AEFHEAXTREBMRNERESR

Fig.3 Differences in carbon acquisition traits of H. ammodendron under different stubble treatments
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A-F represented fine-root segment length (L,) in the 80=90 cm soil layer, root dry mass (M, ), specific root length (S ), root NSC content
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stubble, half stubble by branch number(50%) , half stubble by height(50%) and complete stubble, respectively. Data were mean+SE (n=8). Dif-

ferent lowercase letters indicated significant differences among treatments (P<0.05).
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Fig.4 Differences in fine-root segment traits from the 80-90 cm soil layer and growing-season NSC contents of H. ammo-

dendron under different stubble treatments
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Fig.5 Principal component analysis of multidimensional functional traits of H.ammodendron under different stubble
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Fig.6 Comprehensive evaluation of functional perform-

ance of H.ammodendron under different stubble

treatments

K B {ELZ A A B2 A ) B 2 ASBIFSE v, 2
P PRI A KK B P REK H,,
Ui W AR AL BHUS 249 2 a 000 B B 42 3R L AR X B
PR S DIRedla = XA AT RS AE S
Mo b7 R SRR B BB - G R A G
SR T A B ZR T RERE (R b 25 1
17 AN A R LBV IB AT IR ), DT 5 550 B
JRANIEAF /KA 5 5 Rl 3 B2 B 1 7 As 2 il [+
TEBC S5, A Bl T 4 +5 T K g 2 1 R i A fiE
Tyl XA —E R LR T P FEAL BREL
G P AE AL B B[R] I AR5 550 i 3 KR MR AR K
JIN . BA TR R LR A KA
RSO T 28 i DT T R 3 R T /K e
INCIEA: PR e o AN =R e

(B T T R, R 7 Ak 1 3% BE H A Y
W, IR P VI He, , BB AP 2 IR R
AIFEIR I RER C AL T B K J1 32 M 7K 73 75
BRSO R TR R, T 7
38R B2 AR B K T MR R 5 NSC 3l 25 5% DI AH
5K, YLK g D RE AR A i i P ) 2 55 Mtk )



414 TIHNAE S-SR o P AN R R4 LS B 22 4E DD BEEAR 22 57 637

K TR 3 A 7 5 b KR AR Ak Al 25 B 35 R )
YRR I KRS DA L BT RE MR
DRI , AT A0 BRASS R P AN IO 5 fi R S IE 5 7K
AR, T R PR Ay 2 5 A AR A SR D g 1R K )
AU R F I

SRINT, B8 Py T R 25 B bR A bk 57 R AE
To. ARBFFREE R A P, 355 e ) 52 A B A X
T i K KB 1 B ARXS oK DRt 2k 1 P 5K
AAEPICT Z [0 AN AEAERE FH T A R ofn i
A B E B . ©ARER, 29 80% T K%
e AT R 53 AR A HE A 1 RS k25 - v 1)
BLE, FIZ (T 2 ACRAET-ME R 0, iR A
PRSE BIFET N [R R e A2 7K T BB T
SoK IO e BE AT 1E 64%~93% 754k, [RIIT,
EA I IRV P, 1 Py 53 3T 15-4.15 MPa
=728 MPa, 5 &M 55 KV AL B &, KF- 352
R . P ARG R RE AL B P T Y
PR A A A AR R S B AL T E K )
ZRHE K I AER S AR EHE L% 4
e A FEIE M

AHFFE K T30 SRS 4 R NSC I E 1
FE TP HAT Az B P 0 AR T R R sl R AR A T e
PRI AP AR AT R I — ot A 3. G
EEBARGFE KA B P /14,81 wmol *m™-s™,
IHERF RS CAARRMEBREREE R
FOURY RRAETE IR ABE P AT 4 — 2 A
T 7 5 BB SN - P RO B REE AU R
+ K oy R AE R R )R 5 R AR 2 i E
FP MR RO A T R S Rl AR B K 4 S
KA BT . AN MER C IR AEY , R AT
i A EA — AT R B, R
PR PR R P S —E PITAE RS SR IR A
TR 25 D RE R A A AE S TPk | DA KR 3 A 375 )
PR A R 7K T XU 75 S AT AR A PR Bk 4R LA
Jio HTAMRIF A BN E R B E TR K
JO S A 50 285 ) R S PO AR FE S ] 43 A, A I HIL A
AT 5 88 3 AR ST A LSS L 2K T W A FE T
PRAC NI 7K 3 A0 5 2 — 25 BE

BEAR, W AEAR R b R R 2 B 5 AL S A
AR AR ZER R W, B
F UG BRI B A G, B 2 F b #E R
FEAR FT BRAL T AR SF O SALIRTIRAS . 2R, 4%
1R I W AR AR RS T, DR Ay L [ s

P Bt 2 AR 1 A FL T TORE B RN A5 55 A9 7K 43 A8 i
Fio MLLZ R AR R 3 (R
50% ) Ab B SR W, AHRHEEAR  (H A 1 6. T A
Chl & 5 2 AR MRO'E G 48 B 16 M AN K 4932 Hin i e
HORTEER . WL, W, BN 45 A PG, T Fl Chl
IR AR A R MR B R B — 1E K
b
3.3 ERIKELNSC AR S5MREE MR KB

ABEFE R I, 2F-2E (BURE 50% ) 3L P
fe 2 P 2E (5 B 50% ) 4 BRAE G A Chl 5 1
HRZE A AR A AR K BE 2R NSC 35 5 7 TR E =
PN [F] -4 4k P 5 AR AR B AR UM S MR AN 2% B
KA R BREAAEZES . B BE
50% ) Ab H B ff i) 42 g %) B Aok ) e 3 i 2
-2 (151 B 50% ) b 300 3¢ 81 HH 8 5 1Y) Chl B 8
FLIF R E A K IEZENSC R 2 . B A il gg
T AT R Ma A sh K R R A P A A
W R KA IR 5K ) D Re Z e A7 A
WUV . AWEGE b, 2 Fh 2 P75 b 3R] o 2 B0
A B R OKRCR AR P R A AR K RE B
NSC & &2, #7R /K TPIRES (AR UM 2% B i K b &
YRR R 2 (8] ] BEAF1E IR AR AL

T ELE A NSC 3 7 Z4F AR AR ALY
o HAT BB ZE T B A il 2 B B DA
Vit A PRI I FE 2 SR AR R TR P e S
FEIL RS2 M NSC AN S A 0 1 P 72 A flk
KACE YA Sy B 5B BT PR AR 421
TE R AE R A Y R, AR5 F 8 H AEKAE
A NSC 77 B B ZL R WP PR 2 a J5 42
MAE LI 2 B oK GRS R A
M AR RE E R e it &Rt ). Ja et
TN TG AW AR KR A KR %%
BF 30 3% 2 R A E— 20 W - 2E AL B S NSC ) 48
Sye M H SR ge AR L Z B R

o T T RE MR i AR Ak — 25 R B AN TR 7E
Ab B G AR AR ML T BEIRAS T i SR 1 2 R B AR
FICBFHEARAE— I . TR R LRI TR AR
PERERHEA , A WF 5T R4 80~90 em + JZ IH KA1 AR
FEB, DA B3R 1 2 R AR RIE B R-E . FF
FE Bkt 50% ) Ab PEAE 12 4 )2 B 5 A AR B B
SRR AR AR 5 28 7 R ) Ak ) 22 5
AN U B LA AR i 1 AR BAE A B R
AR T S AR AT T, 38 0 38 0 Sy A ) i



638 Uik

L7/ 46 4

XoF I P AR R B A i SR R S IR R R ASOR , R
FEX i 1] 0% 53 A AR R0 AR RRAE >4 L
1) LU AR 3 B R A P e A AR A A ) A
AT B KA W ST S T, DT 8 5 %y #55 7K 43
FRoT IR Wy

L Z T, 2P (i B2 50% ) Ab 3B AR U AR
KR G e (B HAR R EfEASL NSC & 240,
(7] Bk ELAT B0 1) T K803 RN H,,, P i 3% I JHC g
] T 4EREoK F1 D RE AN AL K HE ZRak K AL A AR 200k
Ao HIL, 2 FpfEAEANFE T BE 4> BIAEE T 48R £
JZ R AR AR BUBCR T 5 Y R oK LA R R
T o Y 22 AL G B BR AL, B AR BUR AR R TE A
FEAE 5 NSC R SR 22 18] 1 B B M AS A 1 Al 5
— T B 2= R AR AR R 1
JZ5 JZRFE R MR R AR B AR R AT
2540 ol R AR AR Y 2, TR I 6 T AR R B R 1) £
AT T R 8 7 R A 2 AR B R M OG5 1R
REAC R R IR R R GE Y 25 (A1 S e ) sl e 1A
BRI AR IO W , 7 SIS A R B I REPEAR (A=
FKHMEZE NSC 5 55 80~90 em + )2 4HARFEELAR 2
[i] P DI AR AR >
3.4 AEATFEAXNTERREEVHRIARER
B

ZEA L LA RDIRAS K A DR PEAR AR
A K IE 2R NSC & = AN AR RE B R T LU AN
] - AL HS AR KB 22 AL DI REL & 0 R
AL ER TR AT M 25 (H bR Ak
BOR, RN KR PR Hyy/ D SR
DRI A 2R 5, Ul B AR T D BB AL A T4 7K
AR A 55 D RE e Rtk A PR A B AR
FBR T R BASE B R T b b R Ak 25 44 4t
R, T oK AR AR BCIR S TF AR F I B
PR BA, B 7R 8 B e v B L R 2 B T B i Ak B
Ja By BT e s R g e

FHEZ R, 2 Fh 2 Ak B AR SR L 4y, R
R G A2 5. P11 (B 50% ) /b FRTE ¥
AR MR A AR K Iy A — e, vl Rg
I R T i 1) B 5 AR IR B Be VR AR AR 5 2P 7
(15 B 50% ) A BRI FE FoK 3808  Hy, 2R3 & HE I
Az K 2 NSC & 12 7 11 BT, mT BB XS I AH X
i oK 1 4R ok A G R R R G . 7E
A FEHE b R R R % 0 T, 2T (R
50%) b L5515 oy e, Ho O 2 7 (B

50%) , i W] 2 Fidh B2 P 22 A0 BRAR AR D Re R AL T
FF-RE R4 FE AL L

RV, 7 Ak B S (19 T BE 2 IS B AR
P B — G AR SR TS A T T 4 A A
R K I HERE BRI AR K IE 22 NSC & 2 il
DIfet RS TER BV O TEARPFSE R T 2R
T (5 B 50% ) Ab B 5 AT R UK 52K T 4
R AR ZE NSC B R FIZR & TR R BUAHC, vl fE
HE M E A B e S % 5 200
(AT ZLR A S IR S5 16 E BT 50 a LB R
PREAEAN B2 2 a J5 19 B — A R B0, T 22 )
AR RO () B BePE T RS o i TR TR AR
ST A PRI 52 A BR T AR Dy stk e 10 PTG A
FE2 5, BAHEZE T R0 a2 A BR F 80~90 e¢m
R IE AR AR B, PR G A AR VR R AN
[ 2 B S b 38 A T i — 2P 0E . AR
FERI G A ARy IE S I R RE A 2 )2
R 200 72 1 22 22795 NSC sh 2408, #E— 25 PR AN
) S22 7 2R i R R K & 3 AR K s

4 it

AW 5T LA SE WE - o Y 2 50 a IR AR R
KNG R T R R (BUR 50%) 2
FE (R 50%) A4 -3 4 R AL R4 2 a J5 48 7P
R K ST Die AR R EUHIR AR R HE 2R NSC &
i K 80~90 em +JZAIMRFEE MR 22 57 . AR
I AN (RSP A 35 B 1 22 R Dy R P R SR L 22
SALALE o SRR AP AEANFIA EL 2 Fh o
A R R e IR BT 1 b1 A RS R T e 4
FRAFAE . Horb, 228 (5 B2 50% ) 2 3RAE 7 245
MR SRR K SRR T H, PSR R
AR HEZEERE NSC & i 7 R I, AL TOP-
SIS Z56 15 41 e i 5 21 A (B 50% ) b 3 7 ¥
A R 80~90 em +JZ MK AN FLAR Kyl B
— B EAKE EARMIEL 50 a BB R
FI-FE AL B2 2 a WL 25 1R, 2 2 (B
50% ) AT AE Ry Fic 5 - 2 U 3 U S S AR M MO 2E A
B B S . ARWFIE S50 12 R AR REE
(R B B T RE RS, R Vi Mk A2 A0 AT 5 i —
HGE

2 £ X W

[1] Lavorel S, Garnier E.Predicting changes in community

composition and ecosystem functioning from plant traits :



414 TIHNAE S-SR o P AN R R4 LS B 22 4E DD BEEAR 22 57 639

revisiting the Holy Grail [J].Functional Ecology, 2002,
16(5):545-556.

[2] McGill B J, Enquist B J, Weiher E, et al.Rebuilding com-
munity ecology from functional traits[J].Trends in Ecolo-
ey & Evolution,2006,21(4):178-185.

[3] Berdugo M, Delgado-Baquerizo M, Soliveres S, et al.Glob-
al ecosystem thresholds driven by aridity [J]. Science,
2020,367(6479) :787-790.

[4] Gazol A, Pizarro M, Hammond W M, et al. Droughts pre-
ceding tree mortality events have increased in duration
and intensity , especially in dry biomes[ J].Nature Commu-
nications,2025,16:5779.

[5] Diaz S, Kattge J, Cornelissen J H C, et al. The global
spectrum of plant form and function [J]. Nature, 2016,
529(7585) :167-171.

[6] Funk J L, Larson J E, Ames G M, et al.Revisiting the Ho-
ly Grail : using plant functional traits to understand ecolog-
ical processes[ ] ].Biological Reviews,2017,92(2):1156-
1173.

[7] Violle C,Navas M L, Vile D, e al.Let the concept of trait
be functional ! [J].0ikos,2007,116(5) : 882-892.

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

[9]He N P, Liu C C, Piao S L et al. Ecosystem traits linking
functional traits to macroecology[J].Trends in Ecology &
Evolution,2019,34(3) :200-210.

[10] Luo W T, Shi Y, Wilkins K. et al.Plant traits modulate
grassland stability during drought and post-drought peri-
ods[J].Functional Ecology,2023,37(10) :2611-2620.

[11] Wright T J, Reich P B, Westoby M, et al.The worldwide
leaf economics spectrum[ J]. Nature , 2004, 428 (6985) :
821-827.

[12] Carmona C P, Bueno C G, Toussaint A, et al.Fine-
root traits in the global spectrum of plant form and
function [J].Nature ,2021,597(7878) : 683-687.

[13] Freschet G T, Roumet C, Comas L H, et al.Root traits as
drivers of plant and ecosystem functioning: current un-
derstanding, pitfalls and future research needs [J]. New
Phytologist,2021,232(3):1123-1158.

[14] Lozano Y M, Aguilar-Trigueros C A, Flaig 1 C, et al. Root
trait responses to drought are more heterogeneous than
leaf trait responses[J].Functional Ecology,2020,34(11):
2224-2235.

[15] Diaz S, Kattge J, Cornelissen J H C, et al. The global
spectrum of plant form and function: enhanced species-
level trait dataset[J].Scientific Data,2022,9:755.

[16] Beccari E, Carmona C P.Aboveground and belowground

sizes are aligned in the unified spectrum of plant form
and function [J]. Nature Communications, 2024, 15:
9199.

(170 7%, SR, BE SN, 45 . R S AR I — e 5 ik P8 AR
Pyt PR BB FE L) ] A PIBIESE 5 2022,42(1) : 71-80.
Wang Fei, Guo Shujiang, Fan Baoli, et al. Plant leaf
traits in Mingin oasis-desert transition zone [J]. Bulletin
of Botanical Research,2022,42(1):71-80.

L1818 B , Ji] Sz jal, Jol Rl 3%, A5 % B o - PR s A A

S MO S IR R T A OCHELT ] A W5 L 2025,
45(2):277-286.
Zhao Changli, Zhou Liwei, Zhou Kerou, et al.Population
variation of leaf traits and its correlation with environ-
mental factors of Caragana halodendron[]]. Bulletin of
Botanical Research,2025,45(2):277-286.

[19] Maestre F T, Eldridge D J, Soliveres S, et al.Structure
and functioning of dryland ecosystems in a changing
world[J].Annual Review of Ecology ; Evolution , and Sys-
tematics,2016,47:215-237.

[20] Hisano M, Ghazoul J, Chen X L, et al.Functional diversi-
ty enhances dryland forest productivity under long-term
climate change [J]. Science Advances, 2024, 10 (17) :
eadn4152.

[21] Choat B, Jansen S, Brodribb T J, et al. Global conver-
gence in the vulnerability of forests to drought[J]. Na-
ture,2012,491(7426) : 752-755.

(221 Bparr, X bk, AT, &5 R 0 N TS 46

AR R PR B L) ] ST, 2024, 44(2)
267-278.
Yang Lixue, Liu Shilin, Fu Hanxuan, et al.Effects of veg-
etation control on root traits of artificial regeneration of
Tilia amurensis saplings [J]. Bulletin of Botanical Re-
search,2024,44(2):267-278.

(23] FhARAR , JEMEHE , SEE AN, 55 . T SRR DA [ b 5 5

JUAE IR 3 e S S R I 1 9 56 R LU ] A
57,2024 ,44(3) :459-469.
Du Huadong , Fan Penghui, Bi Yinli, et al.Plant commu-
nity characteristics and their relationship with environ-
mental factors in different geomorphic units in arid
gravel desert[ J].Bulletin of Botanical Research , 2024,
44(3):459-469.

(24 ] 2250 20, TAL, 55 R AN ZAEMIAY A i /N
e S5 3 A KRR A AE 5 L) A WE 5T 2013, 33(3)
274-281,286.

Li Zhibo, Li Pingheng, Wang Quan, et al. Allometric
characteristics of terminal twigs of Tamarix ramosissima
and Haloxylon ammodendron [J]. Bulletin of Botanical

Research,2013,33(3):274-281,286.



640 Uik

L7/ 46 4

(25127, Jalig AT HT , 55 R [R)HL R 7K A7 A #2422 (Haloxy-

lon ammodendron) /K53 A TEERAELT ], h E VP, 2021,
41(4):79-86.
Li Ning, Zhou Hai, Ren Heng, et al. Water sources of
Haloxylon ammodendron under different groundwater
depths [J]. Journal of Desert Research, 2021, 41 (4) :
79-86.

[26] F 75, X4k 52, Bk b, 45 S B i i it 4R

(Haloxylon ammodendron) PR3 AE X} ¢ J22 4 HE e A
s LR SR ORI A N LN SRR T
2025,45(5):241-252.
Wang Ziting, Liu Jiliang, Luo Yongzhong, et al. Long-
term effects of Haloxylon ammodendron plantations on
topsoil carbon, nitrogen, phosphorus stoichiometry and
stocks in the desert-oasis ecotone [J]. Journal of Desert
Research,2025,45(5) :241-252.

[27] 29541, FRERR, Hn B . N T¥h% (Haloxylon ammo-

dendron) MREVH I3 R P AL 5 H NGOG R LT T E
VL, 2018,38(4) :780-790.
Luo Qinghong, Ning Husen, Chen Qimin. Relation be-
tween vegetation and soil of Haloxylon ammodendron
plantation in the process of sand-fixation [J]. Journal of
Desert Research,2018,38(4) :780-790.

(28] B I, /NP SRR S, 25 . IR B AR e 0o 8 i A

Yy AT AR A R L) ], A2 25571, 2005, 25(8) :
1908-1913.
Zhao Changming, Wei Xiaoping, Yu Qiushi, et al.Photo-
synthetic characteristics of Nitraria tangutorum and Hal-
oxylon ammodendron in the ecotone between oasis and
desert in Mingin , Region , Country[ J].Acta Ecologica Si-
nica,2005,25(8):1908-1913.

(297 Ffd , R B A, ™ I 1o e AR W) R MR A I ok

PSR AN A LK A L) ). E R R
Ak, 2011,41(3):226-237.
Gao Song, Su Peixi, Yan Qiaodi. Canopy and leaf gas ex-
change of Haloxylon ammodendron under different soil
moisture regimes[J].Scientia Sinica: Vitae,2011,41(3):
226-237.

(3071 FWE, FESLAR , T g . AR 4 i MAE KL 55T

TR ABIFELI]. MBS, 2016,36(1) : 84-89.
Tian Yuan, Tang Lisong, Qiao Ruiping.Relationships be-
tween the mortality and morphoallaxis of Haloxylon am-
modendron seedling[J]. Bulletin of Botanical Research,
2016,36(1):84-89.

[31] McDowell N, Pockman W T, Allen C D, et al. Mecha-
nisms of plant survival and mortality during drought:
why do some plants survive while others succumb to

drought?[ J].New Phytologist,2008,178(4) : 719-739.

[32] Adams H D, Zeppel M ] B, Anderegg W R L, et al. A
multi-species synthesis of physiological mechanisms in
drought-induced tree mortality [J]. Nature Ecology &
Evolution,2017,1(9):1285-1291.

[33] Anderegg W R L, Klein T, Bartlett M, et al. Meta-analy-
sis reveals that hydraulic traits explain cross-species
patterns of drought-induced tree mortality across the
globe [J]. Proceedings of the National Academy of Sci-
ences of the United States of America,2016,113(18):
5024-5029.

[34]Li X M, Xi BY,Wu X C, et al. Unlocking drought-in-
duced tree mortality : physiological mechanisms to model-
ing[J].Frontiers in Plant Science ;2022 ,13:835921.

[35] Sapes G, Roskilly B, Dobrowski S, et al.Plant water con-
tent integrates hydraulics and carbon depletion to pre-
dict drought-induced seedling mortality[ J].Tree Physiol-
0gy»2019,39(8):1300-1312.

[36] Hartmann H, Moura C F, Anderegg W R L, ef al. Re-
search frontiers for improving our understanding of
drought-induced tree and forest mortality[ J ].New Phytol-
ogist,2018,218(1):15-28.

[37] Blumstein M, Oseguera M, Caso-McHugh T, et al.Non-
structural carbohydrate dynamics’ relationship to leaf
development under varying environments [J]. New Phy-
tologist,2024,241(1):102-113.

[38] Zhang P P, Ding J X, Wang Q T, et al.Contrasting coordi-
nation of non-structural carbohydrates with leaf and root
economic strategies of alpine coniferous forests [ J]. New
Phytologist ,2024,243(2) : 580-590.

[39] Zhang G Q, Mao Z, Maillard P, et al.Not all sweetness
and light: non-structural carbohydrate storage capacity
in tree stems is decoupled from leaf but not from root
economics [J]. Functional Ecology, 2024, 38 (3) :
668-678.

[40] Mitchell P J,0’ Grady A P,Tissue D T, et al.Drought re-
sponse strategies define the relative contributions of hy-
draulic dysfunction and carbohydrate depletion during
tree mortality [J]. New Phytologist, 2013, 197 (3) :
862-872.

[41] Zheng C C, Bochmann H, Liu Z G, et al.Plant root plas-
ticity during drought and recovery : what do we know and
where to go? [J]. Frontiers in Plant Science, 2023, 14:
1084355.

[42] Bond W J, Midgley J J. Ecology of sprouting in woody
plants: the persistence niche [J]. Trends in Ecology &
Evolution,2001,16(1) :45-51.

[43] Guo J J, Gong X W, Li X H, et al. Coupled hydraulics

and carbon economy underlie age-related growth decline



414 TIHNAE S-SR o P AN R R4 LS B 22 4E DD BEEAR 22 57 641

and revitalisation of sand-fixing shrubs after crown re-
moval [J]. Plant, Cell & Environment, 2024, 47 (8) :
2999-3014.

[44] Luo W T, Muraina T O, Griffin-Nolan R J, et al.High be-
low-ground bud abundance increases ecosystem recov-
ery from drought across arid and semiarid grasslands[J].
Journal of Ecology,2023,111(9):2038-2043.

[45] Luo W T, Ma W, Song L, et al. Compensatory dynamics
drive grassland recovery from drought [J]. Journal of
Ecology,2023,111(6):1281-1291.

[46] Cheng L, Yang H L, Zhang H X, et al.Comparative anal-
ysis of hydraulics and water-use strategies in shrubs un-
der controlled drought conditions for ecosystem restora-
tion[J].Journal of Plant Ecology 2025, 18(3) : 1taf030.

[47] Castro H,Dias M C,Sousa J P, et al. Functional groups re-
sponse to water deficit in Mediterranean ecosystems [ J].
Plants,2023,12(7):1471.

[48] Taleb M H, Majidi M M, Pirnajmedin F, et al.Plant func-
tional trait responses to cope with drought in seven cool-
season grasses[ J ].Scientific Reports,2023,13:5285.

[49] Bil&I5s , #3577 » XL, 45 T 5 TR K Itk

ARV B GRS YRR K AL S W sh A L] AP R 22
#£,2023,47(10):1407-1421.
Chen Tugiang, Xu Guiqing, Liu Shensi, et al. Hydraulic
traits adjustments and nonstructural carbohydrate dynam-
ics of Haloxylon ammodendron under drought stress[J].
Chinese Journal of Plant Ecology, 2023, 47 (10) : 1407-
1421.

(501 XU, B 5H 75 » DRI i, 45 T /KRR X A i e ik
Yy aE PR B9 52w L. N A 25 4 45 2022, 33 (3)

733-741.

Liu Shensi, Xu Guiqging, Chen Tuqiang, et al. Effects of
groundwater depth on functional traits of young Haloxy-
lon ammodendron[J].Chinese Journal of Applied Ecolo-
gy»,2022,33(3):733-741.

(510 BUmessk, ml e, A& 58, 45 A R MRS 4R (Haloxy-

lon ammodendron) 1 3G FFPE K 43 F IR LT ], o
[EV0i5E,2023,43(1) : 20-26.
He Xiaohui, Si Jianhua, Zhou Dongmeng, et al.Photosyn-
thetic properties and leaf-scale water use efficiency of
Haloxylon ammodendron in different stand ages[J].Jour-
nal of Desert Research,2023,43(1):20-26.

[52] Hammond W M, Yu K L, Wilson L A, et al.Dead or dy-
ing? Quantifying the point of no return from hydraulic
failure in drought-induced tree mortality[ J].New Phytol-
ogist,2019,223(4) : 1834-1843.

[53] Shao J J, Zhou X H, Zhang P P, et al. Embolism resis-
tance explains mortality and recovery of five subtropical
evergreen broadleaf trees to persistent drought[J].Ecolo-
gy»2023,104(2):e3877.

[54]Xu G Q,Chen T Q,Liu S S, et al. Within-crown plasticity
of hydraulic properties influence branch dieback pat-
terns of two woody plants under experimental drought
conditions [ J].Science of the Total Environment, 2023,
854:158802.

[55]SuP X,Cheng G D,Yan Q D, et al.Photosynthetic regula-
tion of C4 desert plant Haloxylon ammodendron under
drought stress[ J].Plant Growth Regulation,2007,51(2):
139-147.



