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Abstract

In order to better understand the relationship between plant xylem embolism and plant drought
tolerance, the concept of embolic vulnerability was introduced, and the embolic vulnerability de-
gree of plant xylem embolism was described by constructing embolic vulnerability curve (Vulne-
rability curves, abbreviated as VCs). However, at present, the accuracy of constructing plant xylem
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embolism vulnerability curve based on centrifuge technology has been questioned by many scho-
lars. When using centrifuge method to determine plant VCs, due to the existence of open catheter,
the VCs determined by centrifuge technology may be “artificial fake”. However, some scholars
have obtained accurate VCs when using centrifuge method to construct VCs of long vessel species.
This paper summarizes the achievements and controversial issues in this research field in recent
years, mainly involving several centrifuge methods for determining VCs, the principle, advantages
and disadvantages of constructing plant VCs by centrifuge method, and puts forward the prospect
of future research to determine the vulnerability of xylem embolism and the selection of methods
related to practical application.
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1. 5|8

HARA B A BB SR ERAFE R AT N E L3RG, oy B2 “ 4
FRET R R TR RE . AR EREE R B R AE TR EEAE A, R0 A
iy, RAEWAE KK E R IR I B, SRS R AR AR A S NN T R 2R A s A AEK
DRRRFAT, EYAREHAT IEH A IEsh[1]. MY iR RN ok sy, I AR5 S
ER Hs f B0 MR AL AT AR A B, TR K B SRS TR B R B A 5 S EUR Bk 28, Fe g
TR K DU RE R RRAG, R A A A T (Y B S5 AR K - IS LT, AR B K R AR [2], X
IR 5y R BV BERAN R, SR IE W A B 5, g E N R R s Em T . Bk,
ARG ER G TR 2 KA T, PHEYRyieE. SN TR EZEE L.

2. RSP e EMeset
2.1. REREBBENFHEERE X

Y], R ZEAN T A G2 NATFE BT 2RI 38 2 () T2 M @3] H M Renner 1 Ur-sprung [4]7E %
KV — TR A RRIAEZEIN R UK, ZIMGH LI T =FHATZKE, S, Tyree
Dixon [5]3Eid #8602 T A (Thuja occidentalis LY ANAFTE TS SIS, #E— Dbl T HEYIER
FEM G IAEAE . N 15K J12430[6] (Cohension-Tension, C-T)F1 “ S Fii(air seeding)” 1R [7]1F6 H, FEP1A
WK1 A SR 1 4R 6 AR 38 KA R 2, R DI BRAR B — e FR RS, 2R 1)K A (5 <= b
MITERZS I, B SR B2, SRR RAGE s F8 EaUEENEATKN SE, cakE
AL E TE A SMEM S E R B, AT S E N SAIER, R 7K MIE K, RATE R ZE(R)
[9]. AT GBS AS ZEFE Y R 2 MR R, EANEH TR MRS —M&, I
JE I A A ZE e 59 M BH 28 (Vulnerability curves, VCs)JR [ BUEY) AR #42 ZE i 35 F2 [ 10]. VCs Z&MRHEA
JF RS 7K R A5 4> Bl (Percent Loss of hydraulic Conductivity, PLC)FIAH R 1A 5 3 571 & 22 i) 1T il 147 il
2, YRR ZE N 55 E — MBS S KPR 50%I) 1 J1{E(PS0) KK R, PS50 & RAEME Pt ZE T F 1
—ANEHEBHRFR(11], BT Z R T YK 5 A B U [ 12].
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2.2. REREEEMR SN E S %

HHT, A R ZE e 55 14 B0 5 TG IR 2 Fh o ARSI J7 152 H AR T892 (bench dehydration) [5] &
UaHLi% (centrifugation) [13] [14]F1JE /] % &k (pressure chamber) [15]. T RMBEEH T IHZH L,
UIAZRE LR 4% (magnetic resonance imaging, MRI) [16]. X HF£& 8K Z 14 (X-ray microtomography,
Micro-CT)i%[ 1 7)1 8032 (pneumatron) [18]. F 28 T2 & & J5 4h /2 i EL IR i VCs 7772, e &
TR AL B ARIRE T RIK, BRI E S5 7K 38 LU &), Em It &, SOM R ST VCs [ “ 38
&7 [19]e RAEEESELENEEENE)EE, BEANTTEBEEARGTSE N, HRHE
KIS K BE R 1 AR VCso B0 ESE HETIE VCs S AT, iR A 7 AN )
LML X 53 Sperry B/ M1 13] Cochard B0l Cavitron ¥%[14] LA f& Cochard & /0L KIE[10] [20].
MRI 1 Micro-CT A i lR A7 3 R BV o5 s A AR ZE (0 T7 7%, (R T30 S AER W& B HagE &
A, EITEFFRE RN R HET MIZ H[21]. SRR — R PREE. SRIERY) VCs 75, (H
H A0S A i HAR D, AT /5 K& S0 R AT B IE 22 7 VK AT SE

3. BILHLSEME VCs
3.1. BiLHLENE VCs BRIE

BT ER R R L I SR A B, RDBCRAE B DML S, R B Ok TR R R AR R A
#FAAE SR (P, MPa) [22], HBREEA U F

dP/dr= pa’r #(1)

XA, o (rads™)EEOHE FHIMAEEE, r(cm)Ef T 580 IEE, p (1000 kgm )2 K& K
B E[22].

EARE LT IR AAFE—E R ZE R, Sperry B LHWEEN E R VCs I, TAEFANFET,
B2 B DAL A ECHY, 38 I YR 1 (Low Pressure Flow Meter with multi-channels, LPEM)# il 5 &4
MR ROR I K E K, AR AN F /) M 2% 1) PLC #E HH— 2% 58 5411 VCs.

Cochard /0> Hl Cavitron V2 [ 8 FEAE B Lo A2, H T390 7k 7 AR E AT A 26 P i 7 AR K 022 6 )
ZE(AP, MPa), BfiAg B CoALTK ) B3 D0 4% PR ) SR R 0, Bl T ) 22 AR AE AR K ALK A R K
REAWTIR D, AR AL KRS BRI AT A AN AR (), 850 ik 2 P A W ) v 82 ZKAE P VR NP, AT A A 2%
PR = KT F (mmol-s™), AR FKRA XI5 A FE R % PLC:

AP =0.5pa’ [RZ —(R—rﬂ #Q2)
F
K= #3)

K, p RKIVEE L, o 2B OHLUAEEE, R KRR, r &M KAE 8RR A2 GEALIER) [5].

FELT Cavitron V& i@ iy N MR R 15T 7K %, Cochard &0 AL ZKIE (1) J5 B K B2 IR ZK AR
W, AE B R o I WS KA K AL AR A, FERR A B0 B[R] RIRE R K AL AR A i = 0 R, L2
PR S T, AR 5]V B A AR R 7K A4 AR B RG89 Lo 5K 44 4 Hh FEL 7K i 26201

VV{I_J?]

#(4)
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PLV::; =1—ePE} #(5)

0

A, PLV /KR35 H 7 $(Percentage Loss Water-volume), T FixAFFHE | 1K (MPa), B 5 C
PIESHL, VR SR K R (mg), VRS M AR N HEH AR (mg) .

3.2. BEME DN ERMRERR

3.2.1. Sperry BOHL3%

Sperry B U HLIE R NATVE ] 5 AR B FH B2 I —FR 7598, Sperry BSOAHLIEA 2 RN R BLAR 105
T, REHTARSEKENDM, BarE AN TERN 144 cm F127.4 om (FTE9IE 2K 551
4 14.4 cm F127.4 cm), Sperry BSUHLAT RIS 850 3 A 5%, FEMDE RS, BN EO G TR R
BN EHIEEE LPFM 2 ENDE B 3K S, TR QIR A 2= AR 2, PRI g
MATRRZ NS B0 Sperry B HUEERELFEA X E B, i HLAEIER: LPFM 3 & i 72 b 25 5 @4t
FIANNNEZE, R k8B VCs 72— BRI [A].

3.2.2. Cochard B:>#l Cavitron %

Cochard &0 41 Cavitron 222 7E Pockman &0 HL[23 1104 AE_E sk R, B T EHAN 274 cm
(BB RN 27.4 cm), 5 Sperry B OHLIIAS [F] 2 Ak 75 B 0o i B2 o G 75 4 26 B LN B
FE B i R B 1) B OO L A VE N BRI T AR KA~ AR A2 ) BE B T H S ok g, fENDE g AR
BRI 22 ISR BEEA F) TS, DAL R e AT IR 2 R BN AS B 0035 [24] . Cochard &0l Cavitron 485K
HEER L — MBSk, BHLE 1 h Wk 7 — 2% 52 %) VCs [25], HHECT Sperry SO INERE. =ik
{ER DN b7 i R puw s RTINS & Bt A DK G | WANE 53 3 s NI A €1 % AN = e[ =2 N
Wik N A Cochard BS CHLANE &K FE M VCs BIIIE -

3.2.3. Cochard B/LHLAK X

Cochard B5.CoHL /KT RIT AE SR HT 4 H 1732, AT Cavitron 242 75 £SO 2 HR A I etk
THRSKE, FKEREATGTSE WK EE, IR AR EE B 3K E, s
G TN TR PR I8 RRAT M ZE I 51N o (B LKA ST Cavitron W4 /E S INE B, ANFEHE N H &0 1h,
B A IR RS H AR RS B E B, A4 — 2% e B K L /K il 28 75 2 — B R I A1 [20] . A WF A ANTE
O, FRH IR R AT S K, W RRIA I B AT 4 K s — g fE s, 7EAE A
FEAKE I 30 . 25 5 G B3 [ 26 R BEAT BRNTE 2 K 5K 7 T W RERIA I 4 4 9 7K 2> wi HE 2, g i 4 Re 4 il
HAKENZ . TR R8T E ORI A SO S, FRKVERE S e IR 2 R K £, JRRrE R
FERATEN T HALK SR, 580 T K& SR R AT I .

4. BONTTERERN TN

27.4 cm)—FHIRFRA K FEVFN28]. A FFH INNEEANM PR E E AR TR S /KRR RS, M
TEERUBRL 2 3 NTF R, EAR B O FE B 8 N KRR B3O R (B LIk R KAL)
MR ZER T, BEAE B OB R, BRI 2 I ZEM TR 5IN, && 2EE I VCs fAER ZE Sl
I E[10].

FEGE AT S 2K FEWMAE S Cochard B0 ML Cavitron J57%, W NTE B Coit R o e ¥ 17
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NS IBH A 2R T, AR VCs [27]. IEHK, KT Sperry B0 G &K SEWF RN
BEWIFGR B NTF IR G UCNTE(E ] Sperry B OMLITVERT, RIS 045 H I A 26 5 ity 2
FERAEAR, IR T AR ZE SIS, %070 G WAE KA IR I a2, A LA 2% P i a4
Wb 57K A IR AR [29], (EJERABAT S 45 BUE ], BN T iEgnad, 76 DURIBR N SCI0Re S, £33
(1) VCs 152 “r” B4[30]. Jose SFINA B Co o S 26 A T T 87 B PV HE H AT PE AR 2% N0 T UK
sk 77, (ENE SKREE RS ML “EI0” L%, ERINE RN SKENT T RKE, ZRR T
DR 9 5B KRR, 2R UK SE ANy Seiatt g, 85500 72 SER IEE 1) VCs
5 AR TIRIEMR BN VCs A3, HAGEET —MIMR A ARG REME, EMERTIAKSE
I N s 2 AT

Wang Z5[27] R BLTE Cochard B0 #/L 0.31 MPa 5K 77 FHRFEEES.0 4 h I, B2k SACRAWT FR, IERH T
Cavitron 7 V5 N NKEZEAFAE . W FE#INA Sperry B 0L+ P KRB K AL I AS [R] 25 51 R4 1 b 2€
ZHE T UK SRR SEIGRE S, 7E 0.25 MPa 5K 77 R B0 10 MEFREIE L 60 min), B 850K 5L
PIBE I, KAEAKALAR R R 26 SO R T 49%, M KFEKAL AN FIIR 26 SRR R T 59%, %45 1%
H1T Sperry B OMLES LIS FR, RS KAL A R 25 51 RS KIRFE R 2R N B 3, R ZERh T AN 5l N,
AT 32 B 7 225 SR BN HE BRI [32]

IAER, BEA R TR PF R 3G, R 2 1 SIS 45 RN T R E X — R, Jacobsen [33]
DA S PP i 26 50 UE T 755 0 55 h 2R I sE e T, AR T2 Sperry B O HLIEAF RN VCs AR —
B, HH R E A A 348 K B AR (RITFBCT BT 5 ELBIAS IR ) VCs HEAFAE Z 5 Hacke [29]LAK T
BRI R SRR AR AR L 45, Hacke Ay HUG 78 & SR I S5 OB AR ST M 55 th 26 4 2
H B A A A ZE R S R B G o Yin [30155 0N 29 0o vk a4 25 fe 555 A PR A P AN 5 s 7 30 %,
PR, KA SE0VES BT RIE =R (ke ZE 0 55 1 th ARV B s nT SERT, 2500954 AR
AT e A O SERF . i34 LK S EWFORIBL A SLIA R, 43 A8 BAR N 14.4 cm 1 27.4
em KR FRIEE VCs B, S5RIFAZER, B 7B ONUTER, RS ERREIFAS
S 0 T 2 AR

5. RE

AR, RAEE AN ANET AR BRI ZEME 59 PR T7 BT SCAS T — 2 ke, (H2, AREOHE
VCs HIERTET R G UCAKT, IR —BME5e, sSFRBEDVEYIARTTE S5 2%, iyt 28
PUERT T REAUA R PRI — AR, PRIEAE R R B F FE b M IR J2 OR AR TT 8 1 5 12 A HE
R, A RMAGEN SERK R MR, & FEER. FEEE. SEELZ. 24l
FERF IR S5 A o PSR ) S P SR D R ER 3 T AR — A RGUREAT T IC » IXHE A REIRAT RN m] SRR R4

H AT B O VCs IR R R — /N7, ARECUEATZ LRl gies i 7 i 45 ig. ik
b, ATEER, AR 7 VR 23 I E AR BT AR JEME S VR T %, (ERZHAETHAER B, fER
SKEBETE S NI 2 WA oREAT AN R Z RN R, 7T 456 58 2 (7712 LAR B 22 IO AR RS I 1
I 45 RAHER 10 i A 7E 58 A A S DRI T T8 R ) R B 2 T3 VA B A AE ) LI B ) A B A
FEES, HARGMITEAGEN TR, WA 2 SR, R IR IE . E M
T 88 J1 A BAEP /K 73 A B AT FU AR AL P SE A B LA

SE
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