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MK NZFESEEREFES A E L IRK D FH R
FE@, ZER, RE, BHE ', FEF
PR % B %, A 5%, P 15712100

W DA (Populus * canadensis)AT3G8 A AR AT %, HAT RFIAZ B 945 KA R, A5 AT RBLA. b E M0 fnF B
Mriagn, BIEAFR RF) LI KSR R AR SRS MSFAE . KA SFAE. AR T, AR HAARIEEI £ &, IR
RAnAp K Iy 5 5 A B4 T R LSRR S pb e e L, HRARIE T F IR A A AR s LRI, 4R EA
B = 2007 G AR Ze IR AR (Psy) Koy gy ST BB 2> P I8 20> 5 8 20, An A7 id iS4 BARES M 69 AL R L3RRS th &
RN — ey b §F AR FKE, BFHEak YA LR KNS EIRmIR; fmis EAZE N A L3R K
S A AIEIERMmIE R, AN ERPFE AR, FRE. BPHFRERFELP XA 2 EAXR DA £0.615. 0.677F
0.547); Mt EA2 5 P, Z 8] 2 A8 £ (R*=0.597). B, iyt KR 3FF AR KA IEF A IR LIE RS0t

8 R ) d A AB R T AR, e AR AR M, St d st R 64 3B K S AL — R 4rh T,

KRR LK e BMRA M, §F AR bR

7K 53 [ S R o A 47 A K 1) 2 2 R 3R (Gon-
74lez%52012; Vadez%5:2013), TR AR 171D
A7 17, 5IREYREIET, RS TR
f Hb 78 73 A7 (Blackman£52010; McDowellZ52011;
Craine52013; BritiR2015), B AR ARG HLF
PR T2 P A0 1 X 3 PR P 328 B PR Al [ BT
ST RS FIE AR M B R 3R 2 — P R e A AR
FH2003). M A AT LLIE T 2 Fh 2 BB R LT RS
PR, —E Lk, & E 5 AR A S
PR EIAT T T Z RN, IR T
FT IR (E T 252015). B %5 A R AT L
TE I AR I PR T R L R R, DR Y R
W Ei(Awad%5:2010); BEAk, BEACIE A] DLE i gl
FAYRFAIERIE B 7K 3 A B AR (RS 2 4E2016)

7 ORI R ZE 1) R B R D A (11 7K 43 18 i S5
FHLH BT SRR AL TR 0 LR (2215 552004) . X
TR, Ko RIEARTH FE 0L FitiTia
i), TR, RBUESE RGN, 2L
e kA TG — DI e 2, 2 BRI 5
HoAlh 38 B KRR . i 25 204 B, R ER AR
R CE R KIE R T IRATR T WA T 50
ISP B (Awad 552010) o A0 A J5T 315 1 2E FIAR 5T
KB Z WA EFEYIRR, RTHKABE, e
FEFRRE M o A T HE IR A WA o A TE 1 M B R
J&, TyreeflISperry (1989)5] N\ T 4 ZE Jifg 55 ¥4 (vul-
nerability) IR, 4 H o SO AR 5 AR
R ZERR R M OC R, FRd@d“Higs th 28 (vulner-
ability curve, VCHIZ%) KRR XN R HZENESS

it 26 v LR K OF-fili 18 40 0 R ZE AR T, KR
DomecF & (DomecHlGartner 2001), il 52 F143 #7145
TR ZEA5 2R i R AB IS R 2% i 7K 35 R0 32 7K 2. 50%
IS 5%k L RIS S5 7K 3 (Pso, J 5D, T LAR B My ik
AN TR B Ao A Joid 408 P A ZE G 95 P, B ASEAN TR R AR
JERHEPUAE ZE 1 BE 1 (Choat552012) . 2~ #E 5T
RN, R 5T ke 28 e 55 1 S I B AR KR
Z(PockmanAlSperry 2000; Tyree%52003; Maherali
££2004; Blackman=52010); A [A] B Fft ) iR 52 4% A
(7], AT 2 TRD ) A o 0 2 e 55 1t AN ) o ek i
SR Fh P e ZE e MR, X 3R B AE A RS 7E AR
Ui B2 T ORFFR LS S DI Re, LA 5
AEAF(Awad552010), —LEHF 513 B, AT E S ZE A
S5 1EAERE BN A2 AR R (Lopez$2005) . X1
— LR b, T LA 5 PR Y ) AR A A DR ) (Co-
chard%%$2007; Ennajeh%52008). X1 HAhHFl, A
BIF TR WA Joi 350 4 28 Mfe 55 14 1. 32 Y B (Cochard 55
1999; Barigah%:2007)8%, + 3% 7% 5> A P (Harvey £
van den Driessche 1999)2 3855 26441520 . 47—
J7 10, B A ) e ZE i 55 1t X5 HR BT 46 A %
)15 % (Wheeler45:2005; Sperry%52006; 7 5B 45
2013). H i, i Ko 2 i Rk A [FIFR FE 1)+
K A, WEFASIR 3K o & R il B R
JERIRAAE . K ITRRAE . AR FRARRAE B AR 40 DL K
X LA A, 5 FE M 55 1 PR 00 B A2 — B B

ks  2016-12-16  f&E  2017-03-24
B EXRAREIEIES(31570588F131270646).
* HAEH (E-mail: cjcaijing@]163.com).
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Wbt 2 —Fion K or B BUK, Btk o kAR
TCHL R ) S B Rl (Cochard:2007) . A% BT JE 41,
6 B B R PR 55 AR A0 I g 7 AR R (Awad &
2010), 1M IN#(Populus * canadensis)t E A7 . HE
AL TENLRE BB AR RU(CE S UAE2013), B, K
TTEFE A E N SEIG AR . AHI 97 38 1 AR vk
AT KL, B8N A] 38K o 2 A N AR K i i
MR S E B KIIRE. AR AR
A, LR B I I8 S PR A T 50 e 2 M 95 1 1 22 e, R
TR 15 5 A2 BRARE P XA [R] 388 7K 40 2% AR 1Y)
Mol N2, 5 7E 9T SR S R B A B AR B AR S
RV LA IR KR, JE N T 5. T RHX
R GRS REAR K SRR AR = s B b i B 1 K
PR PSR U ST 2 A .

MRS 7E

1 MR R AR

SEES A RE A PG 6 AR R A R A5 v AR K
KN (Populus * canadensis Moench). X [F]—7G
PER I 6 5 AT 40 . AR 26K 2020 emiT,
R N AT R o g [ gl B =311 (V/
VIMIAE R, TN = PR 9% . B 9231 H H
T E R20~22°C, SRERT (AN 16 h, Y6 HEGEE 650
pumol-m™-s™, T [A] I & N 18~19°C, 4% /S AH X i
H(90+5)% . BFAFER I 3.5 kg, FeKfE L
kBRI K &, IR 2 IR F5.0 ke

S IR KR AL T H T4 . K46 % o
JN34(A. B, Q), 4208k, A, B, CH4 AXf
FRZH . o B e RN B R a2, e AT e
KB435 A HE TR) RE 7K 2 1185 %~100%  55%~70%
M30%~45% . FAFRE LN E LIESKE. BE
3~5 df R I B KA A LI B % B K E LR
(100%. 70%M145%), NNFEKFAM T HEF=51H
J5, B4 44 5% 1A F6~8 mmist, AT LLIHEAT S26 16
PRl . =AM EKA IR K FE s A K
B, RHEBLH A B AR L TSR . &k
AR 5] A I 52 18 5] — AN ()35 A4, BTl
S8 P T K LB 45 5 2N A R e R
2 MEIRFRR A
2.1 REREHEZEMRSEM

TR KK N50~60 cm Ik 4, NG

P IEKI BRI RS, KR E Tk F (B kK
IR AN A SIEN), FEaT Bl % NIRAEK 1, £E
KT UTHK 274 em P B (TR 4 47 B T AR
T BRI E), K1) BB R B Cochard
CavitronB5/CoHL 5L, 38 ik 428 ) 59 0ok P2 T Bt AR 2]
f=1 1K 7 (tension, T BLAIMPa)th B, id sk ANFTH
IR 4515 7K % (hydraulic conductivity, K,), 237
INE R AR ZEME 55 i 2 . BARTT VA S kil T &
(2013). BEASKLERW E 6FL A 2%, HUH Py TS5 fE A
NZAEFR F) Py fH -

22 KEHBFEER

78 T 4 57 i 55 b 2R 1 /NS 1) S B ) —
R EL 2N 1~2 em K[ E%, FHLeica RM22354)]
BUEEREANY) B s Ul i B HUE FE 2520 pm )
Fr, VR IR CRUERE DT i e B v . R AL gkt
SHU)F HEAT e, il Leica DM4000B IE & %¢ ) i
TR AE200x 8400 XU fr #EAT 418, I F Win-
CELL 2007#%cfF & & i ARt i oh 53 B4R,
BAR 550 W0 55(2013) . a5 HEA
AbFROMLEL S5 - 1 3 BEARAE Nz B B
HAT,

2.3 KIIHFIE
23.1 BARESTHK REERE

B RBOL I E A5~ mm. KEZ130~70 cm
B 2%, TSP BLOMR AL 2%, ARG TN A I
4RI B RS, S Ry [l e B, TR RO K B
FI L0 5 2~3 om, Kl R KIS AN S 1)
2 em/NBE (B R UTECEAE K R 04T, LART D) HU 5%
[B) 2 B 28), AR R WAL TH(low pressure flow
meter with multi-channels, LPFM)il| i€ /NEZ H SRR
A FHIK, S K 45 2Kk H 4 $i(nature percentage
loss of hydraulic conductivity, NPLC), FINPLCZ% 7
RS ke FERE R, 11 AR AN A BROAR AL 2% 1P 1)
K Jhe FERE FEAE NZ A B K, S ke ZEFE S . B AR
KA FNPLCIHHH A A

NPLC(%)=(1-K,/K,.)<100%

A, KAV BTG S K20, K
RNUIBAE0.13 MPa | e B2 i J A 2k 1 B oK 57K
HAH.

2.3.2 MkEs
B S K AR FAE N e A ZE e 95 th 2. AR
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S BAR LK EE AR AR AT — R B9 B W HT (4:00~
6:00) F1Hh 4 i B (12:00~14:00) AT I 52 o BEAMAE
LML 2%, BRI AL 263 it Fr, F R 0 =0
SE M oK . AR IS AREL M Fr (B7 17K 7 UK,
R 712, £40.02~0.05 MPa-s™ 3 B fin &, 5111
IS, £L0.15~0.2 MPa-s™ 3 B i T, FE 0%
YN0 IR, A, IR R TE. RS
RO 2% BT SAMEAE iz b BRI 7K 3548
2.4 SCESEIBIER

FILI-6400X T 4% 0% & A & = H A A%
KALE T BN o6& S8 H 2k, AffEhs
i# % (net photosynthetic rate, P,). 7% %1% % (tran-
spiration rate, 7,)f1"<#L. 5 /& (stomatal conductance,
G))o VEFEHE AR, 1E8:00~18:00} 7] B Py 45 F 2
hilsE — ik, ME3RIEANERELE . WE N &4 kb3
O RRAE Ak, X AF I AR T 78 73 R JT . K/MAH
A2 et . BRI BEAT VR A, By
&3, BT BMEAE i 20 0 € 18
3 BURALE

S BT 45 500 B Excel 5 4 3EAT 4125 40 #t,
JFHISPSS 18.047 HIK 2% J7 2 73 #r [single-factor
analysis of variance (ANOVA) R Z HAH . 74T
TN RIAN [ 387K 7 26 A T 3 B AR R Jo i A ZE T
g9k, FEEAR. KIRFIENDE & B IR ) 2
g, MR ZENE S I 5 AR BTE E BHAR . KR
TEANE B R R AR Z [ 2R FR e SR TR KT 290,05

SMUTESE S

1 2 ZEMRSSHAUNE
BLEIR, B K70 AbBE T I ok e 28 e 59 Hh

NPLC/%

T/-MPa

BT ANk R ERAE A 26 B AR ZE G 55 18 i 2
Fig.1 The vulnerability curves of three water-stressed groups

of P. x canadensis
AL By CHRIMRRNT ML, w1 52 6 28 R B 52 b
a2, E2[H.

LR AE AN FRHER) <SR, RITEAS A 38K 4 2%
PER, MTHE— 7 Yo N IR TR KR, A 26K 0
RYEFRFLEJEA K, R 4T KB — e F2 8K
oy RIE E - E RN A R AR ZE, K BRIR
WK o FHb, A A IR ZE i 55 1R (P B TE =
AR K o b B (8] IR Xt HEZH (A)> b B2 a2
(B)>H F A H(C), H=HKIP EAFE R EN
Z 5, KK R ZH(—1.36 MPa) bt 55 /)N 1 5 3 il
1HZH(—1.89 MPa)li % /5 1H28.04% (K1), Py,
EBEE LK & E BRIk /S, B 438K 55
BRI, AR PR e PR, TN e %,
T8 B 0 A P e 2 i 5 1 A [ 3K 4 261
A — 72 B R

Rl IR TAER  7K JJRHIE S A B A I 5

Table 1 The measured values of the xylem structure, hydraulic characteristics and physiological indexes of three groups

of P. x canadensis

5E e bw X HRZ(A) O DB 41(B) HEEEL(C)

FREi/em 128.60+1.68" 112.88+4.42° 80.20+1.70°
Fff/em 0.74+0.04* 0.67+0.03° 0.6040.03°

e ZE M5 55 94/ MPa -1.36+0.05" —1.68+0.04 ~1.89+0.03°

3 HAA/um 35.87£1.05" 33.89+1.32° 32.24+1.10°
K,/kg:m-MPa™s" 5.47x10°42.5x107 3.60%x10°+9.4x107° 2.69%10°+5.4x107°
T FETR /% 21.61£6.95 23.71+4.01° 53.24+3.41°

H 4P /umol-m™s’ 6.511+0.566" 6.088+0.314° 4.980+0.255°

[0 52 45 b 2% 2l A [N G 5 BRI R 22 5 12 35 (P<0.05), R2[
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2 KEESEERINE

MBI B S8 B fERER
HRk i AE = 2K 3 AL BR TR 3 RN A>B>C, HA,
B. C=H Al 35 BRI AR S AFAE B %
5, A BIAM IS ZREREE, HE5C
HIR =B REZRERD . Hrh, XA K
SEER. BEARPRE2) b R P a A R
H11.26%. 23.33%41160.35%. A WL, =4 In#n
KR GFEBERE . EEMK RIS LK &
B BRAR T U0, 8 BH 33 7K 43 4% A4 5 1 A AR R
AP FENAK, TIEESKEBD, Hk B,
HSEHAMIER N
3 IKSHFE
3.1 BARESTHKSHRERE

AN R IK 43 A B ) I0 R B K KNI
A>B>C (1), i T HK 3 F BRI PR, K K.
K fi/IMEICZH(2.69%10°) LK, e K R AZH(5.47x10°)
IK 1750.82%. Z Mo ir R =4 8K, 47
HREZER (F1). FINPLCKFRA R HiM: 2EFE
FE, =4 e ZE 78 BE K /NIRT A A<B<C (3R1),

KIFEEHRRE TR EREREE TEK) &=
IRARTIIE K . K f KA R ZEFE 5 (21.61%)
LUK 557N (R C2H 1 A% ZE A2 B (53.24%) 1K 1759.41%,
TR R A, BIA R ZREARSE, 5
CHIBAFAERFZ Z R R, Y A EN L SRK
LR A 23 I A ZE R B 7= AR KRS I

3.2 It7k#

SN [RI K A3 AL R () Az 1), B BH R R R T
P KA ZE T8, HABHSA. CHY4LE
RAEE, HREA, CHARZEREE, HE4MIE
A-SP 38 i K A S T B B AT 3 K #5(3R2), i
B [F)— I (R BN, 4 3K o & 22 S BOR, A
SR I K A = AR O RS i T R R ) R
Ui, B[]0 Fom KA = AR K. = 4Hin
ER IR IEF S ¥ K 3 KNI 3 9 A>B>C,
N BRI FE /N AB>A>C, AZL(41.21%)F1B
2H(41.34%) T FEIEE 1 2 F A K, mCA M KHE T
R 5 £ /IN(39.50%) (322), WMHCAL i TA K
E LK BRI AN T, CEBm T —15
EEAERER 1N 1| NP VA= 7

K2 =YL K

Table 2 The leaf water potentials of three groups of P. x canadensis

e W ZH(A) PR B 4H(B) HEMEA(C)
6:00H 7K #4/MPa ~0.749+0.02" ~0.833+0.08" ~0.916+0.18"
12:00/ 7K #/MPa —1.27440.09" —1.4240.20" —1.51440.15"

I BRI /% 41.21 41.34 39.50

4 ERHFMHANE

A K AL RN P H AR A A
A—F, B bR i 2R (1512-A), 8:00~10:00 P,
B T, F10:000F 145 B AE, 1 f5 2T B2 )
BAW, A WK KA P, 1) H A&,
gEAFRL WA K HBP AT Z R TR
B AL B4 ] 22 S AN B3, TS5 CH I
EER. P AR KPR/ 5 HA>B>C,
Ut AN (R 338K O3 2% At 2 e AR I P, B L
Koy B, PR 2 30

H T 7E 3 B A AR K 7, A H
Ak & L AR S VR F I E BRI &R, = 4K
MR N IIT HAZ A — 8. — R &0
I 2 = 40 (9 TR /NI 321 5 A>B>C([E]2-B),

B T 1t 337K 73 R D T /) o
ALY AR R Z AT COL KR
IR YN BN ACAER:3- 2 P ReX (F iR IP
YEM . FEFTA R EEII AT, GHIH 2GS
JUPAHIR, S b 5 0 il 2 ik . 47 10:00
I I BLES —NEE, BE)E GAIZHT TR, 12:000 FEAK
B MR, gk SOZ#E BT, AE14:000 =200
WM GAEIE 25 MR, th)a tRad T B, 1 HJC
Wi HERKGIERHYG,, A4 5 TBRCHAE
2-C), YW G BRI S 7K 73 iy 3 f) — A
il
5 R ERSMSHEMBEXIERNXR
=K AT I I R E HAR K AR
FEREFE AN H P55 Pso 1K R HEAT AR 20 #r (1
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3). HE3-ATI, FEHA G P, M/ REIE
e, X BBR=0.615. B E&NSEEHLHAK,
FLPfE bR, 2 28 i 55 M Bk vy (KT 52013),
BRI S e 26 . HIEI3-BAI WL, K, 5 P2 8] 2 IF
MIZEK R, M RHR=0.677, BRI 2 HIK, K, Py,
WK, YA S, HE3-Crl i, #%EFRE
&5 Py 2 [l 2 M55, 195 REUR=0.597, Bt
THOK SRR, HARRE TR EREE
R, (ERR FE G 55 14 (Pso) BN /N, 13 B[] — 4% ol o
MONE KRR T 52 R T, MHRHEAKAER
T IERA T EA G, R — & 1) B
Y. HE3-DA UL, HIYP, 5Py 2 7] 5 B35 EA K,
HIZE RER=0.547, RIINAs HEIP K, Psoft this
K, TPk 1 %€

15 I

ASCH I =N EKAZ BIPE. SEH
BRKBEREZSR, MA. BAR I EREET
WEER, SCHWA BEMNEZR, X T =4
ZEMaIEtE. SEERA. K, BFHOKBFHBP,
H 72 b A 3K o 2 B B AR N 1, T T
T ZE FE 5 ) 2 B o 1 438 K 43 5 1 ) B AR T 4 K
. MEMSEES FEES. KU LHBPZH
IR IEA KRR, M5 28R B S G .
I, I AR R T8 BAR . K JTRFIE A A 3 4
s 2 it 38 7K 43 2% AF B AN [R] 1T 7 A AH S AR AL, A
T 52 M) G A S B 55 1, 308 T 6E AN 5] 1) 38K 4y 2%
2RI — 5 R 12

AR BLAR R/ 2T TR AR 217K
I3RS 7E R ) — AN 2K J1 R PE(Schreiber5s
2015), ) FE EAD 2 IR 5E 4% A4 I AN [F) 1 24
A% (TyreeflZimmermann 2002), 7&— %€ AR B
I 2AE N, MY 2l AR BA R
RS2 B 5 17K 73 A 5% (Fisher4£2007; Sch-
reiberfF2011). — L6223 0f AN [l W5l (A A 3
AT TEE, TR R X EY M S8 BR
/N(Lens%52007; WheelerZ$2007; Sonsin&$2012).
TS BN, /KR AL (OlsonfllRosell
2013), RIS H 12 5K, 1E L (WilligenZ£2000)
CaifliTyree (2010)f % 1 1% 58 HARE NI %
fags 2k, 2 RKRHFEEHREPE2IEMHER, /)
KESFEEER)E D KERIE, AL =4
MM PsfE . 38 B AAMK W RN # N
A>B>C, 5 Bl s5e 4 — 2, MUt u] S AKH 2ok
(K) Mz Pk 2Rt DA SHefs . Fn, =4
TAZ e ZERE FE B o5 38K o & S BRI T 38K,
Al RE R A KAEAFIK 73 2644 T B, HoK 145
Fa) Ry AN 5] () 387K o3 S AR T 72 A T — 5 1R e
i, DL SR CRAF A4 A 7K 43487, DT B 2 3
Wi,

LU HT K BN 7K AT NP HE A 7K 53
AR B 4T FE FR(Shackel 5:1997), — Mok, Z20H
[ N S =N T e ey o N R (A R e
2014). A2EEHFUNN KD & RS EY)
AR 7K 3B GRE  552011), HLH /KA BE 3K &
BT FEAR(E T 4520115 IRMKI5552011), A
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Fig.3 Correlation between P5, with vessel diameter, embolism level, decline of leaf water potential,

and daily mean P,

WEFE R, = 2 AS[R] 7K o Ak 3 1 0 % B2 B i 1 2K 34
B IR K, HAL A IE 2 K 3R/
I 35 A A>B>C, 5 iR /K bl ek o &
(1 AR ARG T B8R AT P R s — 3, = 4+ B2 B iy A IE
S35 I 7K AT BRI FE 1R /N A B>A>C, A
B2 T B B2 (1 22 AN K, TTCHL R BEME FE B/,
YA CALN M B T A KA B HOK & B RR A4
PER, K3 8858 38 BB I 3 K o 2 A1 K
AT AR, IR T — i A ML LR RR R K
518 o

TRl S EEY e SR kK, A
B 138 E K R PR, MRS ER SR TR
F%(KebbasZ52015)., —LLmf 5t &, WKL, T.
(1 Z%52006; LiuZ52013). G FIHL ] COLMK B

(CHtBEHE 8K 73 &5 & I FEAR T 2 3% IR (Linse
2013), {ERA2AF N, T3S /K E I (AT
= IRFIEYII 6 & ) (R 5£2010) . AL
M RP, B8P, K& T Y0+ 3K 7y & B
BEAR M B R R B4, S Liu%(2013) (B 70 45 1 —
o LHOKS A RBEKN, BB SEEY
FEARGIRE B 2 TR BE 26 1. A, AAIGH
B RTB. CH4L, 5 LW ST, mCHMGK
TBA, AlfgE i TCA A KA LA KRR
MRAIZEAE T, TR T — 5 BT L] .

BEE TSR R, M TR AT
Z R N, B AT V2 ) R AR R R, R
P BB AR 5 00k FEAR AR R S LA, X 78 70 &
HERMM A S B R
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Study on the adaptability of hydraulic and physiological characteristics to

different soil moisture conditions in Populus x canadensis Moench

LI Mei-Qi', TANG Zai-Min’, ZHAO Han', LU Lin-Xue', CAI Jing"’
'College of Forestry; *College of Life Science, Northwest A&F University, Yangling, Shaanxi 712100, China

Abstract: Populus % canadensis (Canadian poplar) was studied, the poplars can be divided into well-watered
plants group, moderately water-stressed plants group and severely water-stressed plants group, and then the dif-
ferent levels of water control treatment were conducted. By studying the characteristics of wood structure, hy-
draulic characteristics and physiological characteristics under different soil moisture conditions and the rela-
tionship with embolism vulnerability, we explored the response of hydraulic and physiological characteristics to
different soil moisture conditions in P. X canadensis to provide basic theoretical basis for the physiological and
ecological characteristics of plants to drought environment. The results show that the order of P, values was
well-watered>moderately water-stressed>severely water-stressed; it showed the corresponding response to dif-
ferent soil moisture conditions by the variation of xylem vulnerability. The vessel diameter, hydraulic conduc-
tivity and the average of daily net photosynthetic rate were reduced with the reduction of the soil moisture con-
ditions, while the embolism level increased. Regression analysis indicates that vessel diameter, hydraulic
conductivity and the average of daily net photosynthetic rate were positively correlated with Py, (R*=0.615,
0.677 and 0.547, respectively). However, the embolism level had a negative correlation with Py, (R*=0.597).
Therefore, the xylem structure, hydraulic characteristics and physiological indexes of P. x canadensis were var-
ied with the different soil moisture conditions, thus affecting the vulnerability, and then showed corresponding
response to different soil moisture conditions.
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