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Abstract

Aims In this study, the patterns of variations in leaf turgor pressure and responses to environmental factors were
investigated in Populus tomentosa, in order to provide a theoretical basis for guiding irrigation using leaf turgor
pressure as a water stress indicator.

Methods The study was conducted in a two-year-old Populus tomentosa plantation under surface drip irrigation.
Leaf patch clamp pressure (P,) was continuously monitored in treatments of full irrigation (FI) and control (CK).
Soil temperature (T), soil water potential (¥;), sap flow velocity (Vsr) and meteorological factors were monitored
simultaneously. The patterns of variations in leaf turgor pressure and relationships between P, and environmental
factors of P. tomentosa under different water treatments were analyzed.

Important findings The P, values exhibited a clear pattern of “daytime high and nighttime low” with varying
weather conditions, and the width of peak signals in P, was greatest in sunny days. The positive relationships be-
tween normalized leaf patch pressure (AP,) and Vg fitted a polynomial function under different weather condi-
tions, with R* values ranked in the order of sunny days (0.87) > cloudy days (0.72) > rainy days (0.31). Photosyn-
thetically active radiation (PAR), air temperature (7,), relative air humidity (RH), and vapor pressure deficiency
(VPD) were predominant environmental factors affecting P, especially PAR. Hysteresis was found between AP,
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and different environmental factors, and the size of the hysteresis loop differed between the two irrigation treat-
ments. There were significant differences in the shapes of P, curves between the irrigation treatments. In conclu-
sion, the variations of leaf turgor pressure were closely related to environmental factors in P. fomentosa, and there
was a high degree of synergistic change with the sap flow on sunny days. Therefore, leaf turgor pressure can po-

tentially serve as a diagnostic indicator of water deficit.

Key words leaf turgor pressure; ZIM-probe; sap flow velocity; water stress; Populus tomentosa
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ETF. FFREMFENET R, Koy
W (Populus spp.) A& 1) B Z IR IR 1, DRIk e Bk 4
2 TR m i N TR AR ™ 0 (BERRWIAE, 2004;
Dong et al., 2011; Hogg et al., 2013; Xi et al., 2016).
SR, FREK B RN B Bk, AR F o AR SR
W& = AR = 7, T B A AN [ AR R B BRIk
I3 5 SR A2 S I = RO K O AT AR AR B . AR,
WO T RER) ) A, RO 1K A
RER(EF A, 2016). [AIF, AATHE 2O RE
R HESR S DK IR DL AR FR, DAISEZIR Sy . K
THEFREE o IX LU FR PR T S HR I T IR AR PR (T
TKE, LKA T HE NIRRT
FIEE. Z2THEAMEN., SILFE. RS
(Jones, 2004; Fernandez, 2014), HH 5 &K AT At
THERA . B RS K R, (H AR R S
B B2 Hp A4 AE 1 2 TR A

KR LR KBRS H, T T#E
Y2 SRR E TR, WA vds T RERE )
A BRFE AR, B2 N T HEYK > KRR R
(MH'E %%, 2012; Moriana et al., 2012; Fernandez,
2014; BAHEZREE, 2016). H A, HEHLUKF RN E
TIEFEA/NRIRE EEE. AR
R IREN . ANBURE D B A IR R B
TR ZE A RCRAREE SR L, IR 7 AR AR 7 b Y
SERR N (E 2R G ARE, 1997). &1 =ik A HE
TiAE L W PR A A, A B BTz s
(Mengel et al., 1982; Navaro et al., 2007; Parent &
Ameke, 2010; Johnson et al., 2011), {2 25 R 5
2 DM 22 T2 o R F AR R I e 7K 34 B A B A
BELT R A B D AR RO 2 HE AT S IR A, 1986,
Martinez et al., 2011), {HILI5E 25 B I RME
AR5 S IR B A2 H A E— 7T B3 i A5
% [ )5 7% (Benkert et al., 1995; 73 '3 52 A1,
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R ECATTRE . ZIM-PR%ET R B A AR 2H 24
ME KGR BRSCI SR MR 45 ) B SR A
TEYD7K 53 9k S 5T Hog i 45 21 )3 FH (Bramley et al.,
2013; Zimmermann et al., 2013; Chehab et al., 2017,
Martinez-Gimeno et al., 2017). ZIM-$R&FBEXT I F i
JE /N AT RSN e, H AR R f Al
Yyt B AE PR B TR AR 1), bt A m] DA
¥z, N ESHEAAR N B A UK ) ) AR s
Mg sk FE o, ARG T 7 B 8 T (Petamp)
TRIFIEIE, SR ZIM-ERET R Pojamp A 2 () [
(1) 1 22 (RO 2 e, Pp)idEAT Il 5E (Zimmermann
et al., 2008) . Westhoff25 (2009 i B 58 A~ [7] < 5 5%
1R 34N %] (Vitis vinifera) i B Py B H AR AL,
IR P X B W9 AR R 1 e N JE S B5URK; Rodriguez-
Dominguez%(2012)f1Padilla-Diaz%5(2016) I 5 45
AR, P4 1 TR B AR 4 b SR AE T BURE (Olea
europaea) AR I K 73 B2, H ol 48 SHEME;
Martinez-Gimeno%5(2017) & ILP, fEL A1 1E T 25 - 7K
(A DG B v, U 22T BRI A 540 s e B 4 3
S WA (Diospyros kaki)B (17K 53 IR0 « SRTT, HBEAARTH
&, HETRHZIM-ARE T R B B2 R B T8 AH X
B, DA EE R IR M. fli. HEE
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um) EAK(Zea mays)ERANEY) I, B 5T X I £
TEVEPEA . ORI S5 b A g < X AN R I b i 5
HX o TERST N AR, A OCHE FT A A R WARIE; (A
i, BN H FTIR R WA T ZIM-EREE I B A 7
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MR R AR, R AR R AR R M
AR (FEAEE, 2012; Xi et al., 2013, 2016), H.EWxf
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H, W I R . 20164F4 H 4 H IR T
BHT, PNCERS AT — IR K, 2, TEF]
AbEE, MRS E A A K S LKA R
HRAXI et al., 2016), ¥ E 24k I1E T 7720 cmkk
(1) E 3K BIE 20 kPalf (R H [A]RE 7K &2 (0) 11 79%,
IR RN () 173%), BIFFUR#ERE . {ECK AL
HH, 23k IE T 720 emAbIK B IEF]-45 kPaf
TFOARERE . P AL B A R A 38 i XA ) 358
B K SR ZE R K
1.3 MEERSHE

F20165F6 H1H A 12H, 420 E A R0 A
H A B R (P, kPa). HIEIEE(T, C). +
HEK (W, kPa)FITRATER(Vse, emes ™), A XHR
B N SR R AT S R
131 HEMMHBEEP,

TE % R FR G /N X 20 bR 36 W Hp S i P31k~
BIRR L1852 e PIREAR (FTAL BRI 2R FERY, CK
b PR BE 1K), FERRAER I3 AL TE =
FEIT PN B G BH G BN IO R . . KA —2K
I, B ZIM-R%F(YARA ZIM Plant Technology
GmbH, Hennigsdorf, Germany)%: & 7F M F L (I
MK, TRET a6 B P E AE10-25 kPal
), TG4 HHs Bl 28 B e W T & dE L E
(Zimmerman et al, 2008; Westhoff ez al., 2009). %}
5 70 2 B 42 WSS T T 0 B A Y 1 B
55 minth S —CF BB I AF AN B R LR PN
ZIM-EREF I M8, FUEBR, ARt 2 i,
B /KA, SRR o BRET I AN T A S 28 AL
K1,

Tablel Basic physical and chemical characteristics of the soil at the experimental site

TIIRE BURI4LE Particle size distribution (%) 5" HIEFKE MR A KR AP TR T
csi;);i)lth (cm) WHL Sand AL Silt  FHL Clay Texture’ density holl:(;?rll(;::;:;ity wa?tiiucri;etcelnt ?;i;f;ic pﬁ:),:]iallilgiﬁs ]ﬁ)\gisl:li]zllrfl
(gem”) (em'em®)  (em'em’)  (gkg)  (mgkg') (mgkg')
0-50 61.79 35.52 2.70 1+ Sandy loam 1.41 0.34 0.44 4.7 7.26 44.42
50-140 63.92 33.69 2.39 I+ Sandy loam 1.43 0.36 0.45 23 0.97 27.85
140-300 29.62 65.54 4.84 gL Silt loam 0.35 0.44 2.6 1.63 41.98

1), ZE AL
1), United States Department of Agriculture Classification.
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.

Fig. 1 Diagram of ZIM-probe structure and working principle. P, the turgor in the leaf patch; Pjmp, the pressure by the magnets on

the leaf patch; P, , the pressure of difference between P, and Pjymp.
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Fig. 2 Variations of soil water potential at 20 cm depth and 0
cm distance from a dripper in treatments of full irrigation (FI)
and control (CK).
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Fig. 3 Diurnal changes of leaf patch clamp pressure (P,) and environmental factors. I-1, 2, 3 and II-1, 2, 3 represent 3 ZIM-probes
on leaves of the 1st and 2nd sample trees in the full irrigation (FI) treatment, respectively.
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Fig. 4 Diurnal changes in leaf patch clamp pressure (P,) and sap flow velocity (Vsr) under different weather conditions in the full

irrigation (FI) treatment.
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Fig. 5 Correlation analysis between normalized leaf patch clamp pressure (AP,) and environmental factors. Hourly average AP,

from June 1st to 12th in the full irrigation (FI) treatment.

]2 HEIARAELARRS A B2 (AP) S EAEE R T A SR T R

Table2 Correlation analysis between daily normalized leaf patch clamp pressure (AP,) and environmental factors

R bR SR e ) IR A AR AR AR R
Environmental factors Photosynthetically  Air temperature Wind speed Relative Vapor pressure Soil
active radiation air humidity deficiency temperature
M FRHL Correlation coefficient -0.080 0.066 0.313 ~0.332 0.236 0.287
BEVEKT Sig. 0.804 0.838 0.321 0.291 0.461 0.365

25 FE7K 5 RLIR B AP, ST FRE T #9052

B 7R LB H, AP, H ARk 5 % IR 5 R 7 1]
(PAR. VPD. T,. RHMT)¥JEHNHIS, HAR
VEE W Ak BRI i L P R NMAAE W R 22 . FLR SRR
H¥ v AP, 5 PARK) H AR BN — B, 2+
K o> % BRI (CKALHE), MHIRIPART, AR Fr
AP T T BbAh, TER/NEE A, AR VPD.
THRHAAE T LA H A AP ST R4, A4+
K552 BRI (CK AL ER), F4-APBEVPD . T, MRH T[4
(R B /N TR M F TR, PSR i
AP/NTF R4, HCKAHEAP,BE T, F 47 b FH i 38 5

KTFUbHE. B4, FUbE P AP S5 VPD. T,w RHA
TR FSCFPYIsF iy P 357 Y 42 KT CRAR B, 3 W FIAG B 1)
P, H A AR R ] B 5K
3 g

Ko 78 2 56 T (FLGEE), EAMMY i P,HA
A I AR ) g R i 2, RS ORI S
RKTAR. P,HENST,RIEMRK, T 5RHMAZN
EHMAKK R, ZimmermannZ5(2008). Westhoff5E

(2009). Riiger5$(2010). Bramley%¥(2013)#/1Ballester
S(2017) 73 AIAE T & S EATEY . N EZEAEY UL

DOI: 10.17521/cjpe.2018.0097

©U 00000 Chinese Journal of Plant Ecology



748 FEWIEZ IR Chinese Journal of Plant Ecology 2018, 42 (7): 741-751

— BOKHEWALHE CK treatment

!

—
(=3
(=]

N BN
SO OO O
T T T 1

—— FESEEALEE FI treatment

L

o0
(=]

AR R
Leaf patch clamp pressure (kPa)
(=2
S

H#A(H-H) Date (Month-

05-31 06-01 06-02I 06-03 06-04 06-05 06-06 06-07 06-08I < 06-10 06-11 06-12

[N TN
[
&

0 1 1 1 1 1 1 1 1 1 1 1 1
.E i 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00
Q 0 i)
=80 14r A2 O’clock
£330
S 210
Bg Eosf
T2 Eoet
L8 go4r
R0t A
2 '§ 05-31 06-01 06-02 06-03 06-04 06-05 06-06 06-07 06-08 0-09 06-10 06-11 06-12
- H#A(H-H) Date (Month-day) -
N . X
o — ZS S AHXHEERH Air relative humidity 23S JRJE Air temperature <
P32 120 4 B
- 281 100 g 8
= 2000 0 & 5
r &6l 60 &y
WE O 40 T8
s 12t 20 Mg
g 05-31 06-01 06-02 06-03 06-04 06-05 06-06 06-07 06-08 06-09 06-10 06-11 06-12 ;
H#i(H - H) Date (Month-Day) <

E6 AFEAK AR AR R B (P,) MR IR AE . B P 20 (a3 Sk 3R 2 R T EMR(FD) AL B MR, K (0 T RR B
(18:00-6:00), I (R ik Hh i 9 b B U4 22 S B SR 6 H 10-12H .

Fig. 6 Variations in leaf patch clamp pressure (P,) curves under different water treatments. The red arrow shows irrigation in the full
irrigation (FI) treatment; nocturnal hours (18:00—6:00) are marked by grey columns, and the period of June 10th—12th is marked by
red rectangle when significant difference of P, peaks occurs between the full irrigation (FI) and control (CK) treatments.

i S SRt R BRI . ST P S IR R 1
KZR, CHMBIFEZR ST T P IR
KR, HRNT PS5 HABIR L 8] 1) 58 RAATE
2o BT, AP, 5PAR. VPD. WS, PAI
T B P AR AT T 007, RILP,IF M6 T &
R B i 18] 25 2222 PAR YR, T s 5T VPD,
B5WS. PHATHHAWEA HE RS
Gb, RERFIERIN, AFERSEMT, PS5 VAR E
AN[FIFE R (b R A8 4k, — 2 T) A7 AE 2 25 1 IE AR 5%
KER, HMHREEER RN KK (EY). ZES
Bramley%#(2013) 75 /N2 E R0 9T 25 S AH— 2o

AN AR 858 IR 7 X AP, (R S M AR FEAN ), LI
SO 32 H AR J I TR ROEE B (&IS), HIJAP,S %
WEH T LB EH KK RER). AP, SHEET
(1 e B S (1 7) U B 24 T P P e A R A 2 E 24 i
WEEH 7Tk g, AR AT Ae & 52 Z 1 R SRR (1) 5%
Wi, 1 4 FT RS R AT e 2 J5 I P, A2 ] iR 5
Wi, Bramley%5(2013)#f 7i15 HAP, 5 = IR A 1E
BB O 2R, HL 338K 0 7 2 S A T R i

www.plant-ecology.com

BRT 3K 5 S B, X5 A g R —
o ATFAEELAP, S PREE R 7 I Bl 1) K /NAS [ 5
B L3EK 0 5 &SR 7 (PAR VPD+ T,» RHFITY)
e i = AR S N S A ¥ RS B2 AP R
MG ARG R, StohrF1Losch (2004) &I, EX
I 0 T 2 1) T S e D B, AR A PR
F N AEXT RS I, SRR xSl
BRI R DR, A NN Y (1) i /K I 52 5 3
W I R SR . BRI E
R T i v Ak T 7K 3 ) A 3o i R R — S I [
P A= A Y e 2 2 M TR R o bk, BR8E Bf
Bl BEFIK S K75 BRI DR S5 A0 2 5 i
U5 BT PR I 5N R SR DR GBAF 2 4, 2015), 17
X TPy 5 5 DR I I 7 A 11 L R A il — 2
(IR T o A2, PSP ERIEIRF- e SR IR LR A 1), &%
IRBE IR 1 2 (]t R AR B S2 ma AH B 2010 . BEARTE N
—ANJRSL MR, S FRIREE S AT BB 2 AER A A
BRI R e ok, A B SR R R A B
DLk, B, HAA AR EE R 0 P s i AL,

©U 00000 Chinese Journal of Plant Ecology



FEUEE: BARM A ESWE KR TR 749
1.8
15— 000 & _——
&y # CK treatment
(l)g i FEAREBEALFE FI treatment 8&35'50'050350%335 oo BUKHEBAL catmen
. /
0.6
0.3
00 02 04 06 08 1.0 1.2 1.4 160 02 04 06 08 1.0 1.2 1.4 1.6
EARIES
Photosynthetically active radiation (mmol-m2s™")
1.8
15 et >
12 wt o ® @ 000 0 090 ¢ oer 0 Sg0
82 oo wow o 00 dmmojfw@
03
0 s " " " " ) " " " L L )
E o 05 10 15 20 25 300 05 10 15 20 25 30
2 MR 2
s ] g: Vapor pressure deficiency (kPa)
BE 3
s 15 /"..',.wfm oo
-éz_ —S 1.2 - ...o"" gy noo"’”“ e
= ‘g 82 P it W [ OB © 0 0TI
220
3§ 0.3 . ‘ ) ) , . . . . .
% 3 015 18 21 24 27 3015 18 21 24 27 30
&2 S
g 18 Air temperature (C)
=)
Z 15 oW e \ -—
13 & o-.'..‘..oog....... W.o..-.o-.oooo.....
82 MCXXO T cumen oSV @000000 0 0000 VOO CWnam sumen SV
03
0 L ' L ' L ' L L ' ) L L L L L ' L L L )
40 45 50 55 60 65 70 75 80 8 9040 45 50 S5 60 65 70 75 80 8 90

AR
Air relative humidity (%)

OO it it it
(=17 Jo W) S IV Yo o]

=

uuc'nuuc«m,,, 2
1$55555)))) )5

20 21 2 23 24 25

26 20 21 24 25 26

TR

22 23

Soil temperature ('C)
¢ 0:00—12:00 o 12:00—24:00

E7  FREAART I B IR (AP,) SR EE DR I i 808 o 78 23 HE MR AIGT RE AL ¥ 6 H 1-125 B /N RSP 33AP,
Fig. 7 Hysteresis between normalized leaf patch clamp pressure (AP,) and environmental factors. Hourly average AP, from June 1st
to 12th in full irrigation (FI) and control (CK) treatments, respectively.

A BE T AR AR K o AR FRR VX T IR E I R B S
3N, AT AR FE A 5 DR X6 A R 7K 43 R 3R 474
HEFER o

TR BAMAEZ RS ia s, P, 2k 1)
RS LKy 78RR T AR ZE R, YWHP,
DUF SRAB 7R R K 3R o 1T 4 SR P F FE ) A 05
R TE T Py 2 1) S 2 A P R 4 S AL 52 7K 4 Jil
)RR, PLItdE 3 5o T 5 X
Fernandez%5(2011) i 7815 H o FE B B2 K 73 haE
TR Fr P b2 23 H B BH S5 1 e S B I TR
%; 2 J&, Rodriguez-Dominguez 4 (2012)F VX ilE B4
T IB IS P b ZR I S R P SR AR T RS SR el 1) R
JE 4T H; Padilla-Diaz%% (2016) R K IE B 5154
RETTFML, 8P, B LR B S A F AR

U A e RSO ] 75 VR TR Bk 1) B A I T KSR o IR,
Martinez-Gimeno%5(2017) % P bt AN [7) 3k [5] 784 F) ki %
(HEFiAs P, 5 2 TR m AR, HP M2k 4
SR [P T 25T /KA ME /2 0.8 MPa. X EEHfF 78 784>
Yt T FE G U Py g2 R R T T DL SRR AR
IR LA SR HEE R, L3 4R 17 BRI 75 0 4
W 2 AL EE ) B ik ZIM X 3 0 5% ] A4 1
Tl 2 RAT A W AR 232 R oK, T SEILE S AL RE
WAMRIHESIER o B RAFIR T, ARG DL
X B AR e A2 7K 4 J I P A i R FEE AN —FE,
AR T AT B MM PE AR K 73 A HEE] I
TN SR, (H 2 Y AL 3P Ve A B 5 22 S W ik
XA e 5 K AT BERA S AR BRI AR
W RBERAT SRy R R R A K. S G

DOI: 10.17521/cjpe.2018.0097

©U 00000 Chinese Journal of Plant Ecology



750 KEMIEZZEIR Chinese Journal of Plant Ecology 2018, 42 (7): 741-751

PRI FT P 2k SELINLP, i 22 TR0 B 7K 23 R0
(om R,  [FI R Py HA AR K S R AR (GE TR B
MR 22T BRI R R P R 2, A
S5 3 S A e IR Py AR A SR AR T R ) TV

4 ZEig

W TR 7K S0 IR 5 A2 W b oxet T 0 v JHE VBt
sl a2 . AH BT A RK S KR E
FI R R S Is, RIL: (D' A R
JE B R S AR, H S35 R
R AT R P R AR, H R AR R S W
PR R MU A —FU(R® = 0.87). ()M /T IE/E
XoF AN [ 45 [R] -7 SA0 477 B S AR BRH S RO, AN ) 7K 43
A3 i P )R/ INAS D S 280 S A I B
T EERER T (3)7K 735 SR AL F -y i
FRIIEAE T 7K 43 78 2 A FR A B, EK 43 78 2 AbFE
(R B2 PR Ve A 5 P KT AL B, SR B AT d it
ZIMM: A J FE PR T W5 I =6 (A A K iR LA &
EWE o

i BadtE AEEA BBMAE TEAR £ kX
4T o K A A, Baftb WAt sRaE A 8] B4 T
P AEBLEAL A B it AR P -F e 75 8h .

S5 3R

Bai XF, Bu QM, Tan YQ, Zhu JJ (2012). Comparison and
analysis of four methods used in measuring the plant water
potential. Scientia Silvae Sinicae, 48(12), 128-133. [fAHT
&, MM, WY, REE (2012). EPAFOKSE N E
TR R R AT S AT, Mol R, 48(12), 128-133.]

Ballester C, Castiella M, Zimmermann U, Riger S, Martinez
Gimeno MA, Intrigliolo DS (2017). Usefulness of the
ZIM-probe technology for detecting water stress in cleme-
ntine and persimmon trees. Acta Horticulturae, 1150,
105-112.

Benkert R, Zhu JJ, Zimmermann G, Tiirk R, Bentrup FW,
Zimmermann U (1995). Long-term xylem pressure meas-
urements in the liana Tetrastigma voinierianum by means
of the xylem pressure probe. Planta, 196, 804—813.

Bramley H, Ehrenberger W, Zimmermann U, Palta JA, Riiger
S, Siddique KHM (2013). Non-invasive pressure probes
magnetically clamped to leaves to monitor the water status
of wheat. Plant and Soil, 369, 257-268.

Chehab H, Tekaya M, Mechri B, Jemai A, Guiaa M, Mahjoub
Z, Boujnah D, Laamari S, Chihaoui B, Zakhama H, Ham-
mami M, Giudice TD (2017). Effect of the Super Absor-
bent Polymer Stockosorb® on leaf turgor pressure, tree

www.plant-ecology.com

performance and oil quality of olive trees cv. Chemlali
grown under field conditions in an arid region of Tunisia.
Agricultural Water Management, 192, 221-231.

Dong W, Qin J, Li J, Zhao Y, Nie L, Zhang Z (2011). Interac-
tions between soil water content and fertilizer on growth
characteristics and biomass yield of Chinese white poplar
(Populus tomentosa Carr.) seedlings. Soil Science and
Plant Nutrition, 57, 303-312.

Fernandez JE (2014). Plant-based sensing to monitor water
stress: Applicability to commercial orchards. Agricultural
Water Management, 142, 99-109.

Fernandez JE, Rodriguez-Dominguez CM, Perez-Martin A,
Zimmermann U, Riiger S, Martin-Palomo MJ, Torres-Ruiz
IM, Cuevas MV, Sann C, Ehrenberger W, Diaz-Espejo A
(2011). Online-monitoring of tree water stress in a hedge-
row olive orchard using the leaf patch clamp pressure
probe. Agricultural Water Management, 100, 25-35.

Hogg EH, Barr AG, Black TA (2013). A simple soil moisture
index for representing multi-year drought impacts on as-
pen productivity in the western Canadian interior. Agri-
cultural and Forest Meteorology, 178, 173—-182.

Jia LM, Xing CS, Wei YK, Li YA, Yang L (2004). The growth
and photosynthesis of poplar trees in fast-growing and
high-yield plantations with subterranean drip irrigation.
Scientia Silvae Sinicae, 40(2), 61-67. [E1ZEH], 1L,
FHEE, AL, BN (2004). Hb R SAE R R E
HEEFEMAEK S A MolRE, 40(2), 61-67.]

Jing JH, Xiao QD (1986). Determination of water potential by
thermocouple psychrometers. Plant Physiology Communi-
cations, (1), 53-55. [FIZHF, HIRME (1986). FIAI#H
BRI E K H . YA AR, (1), 53-55.]

Johnson DM, Mcculloh KA, Meinzer FC, Woodruff DR, Eis-
senstat DM (2011). Hydraulic patterns and safety margins,
from stem to stomata, in three eastern U.S. tree species.
Tree Physiology, 31, 659—668.

Jones HG (2004). Irrigation scheduling: Advantages and pitfalls
of plant-based methods. Journal of Experimental Botany,
55, 2427-2436.

Li GD, Fu FZ, Xi BY, Wang Y, Jia LM (2016). Study of tran-
spiration and water consumption of triploid Populus to-
mentosa at individual tree and stand scales by using ther-
mal dissipation technology. Acta Ecologica Sinica, 36,
2945-2953. [Z)7 1, WHE, WAL, THE, HAEY
(2016). FET P HEHEAR K =548 E A AR KRG 75
EFERBETT. AR, 36, 2945-2953.]

Li JS, Li YF, Wang J, Wang Z, Zhao WX (2016). Micro-
irrigation in China: History, current situation and pros-
pects. Journal of Hydraulic Engineering, 47, 372-381. [ZF
A, HEE, £FE, £, BHE (2016). HWELESD
E: s, BUIRAIRSR. KRR, 47, 372-381.]

Martinez EM, Cancela JJ, Cuesta TS, Neira XX (2011). Use of
psychrometers in field measurements of plant material:
Accuracy and handling difficulties. Spanish Journal of

©U 00000 Chinese Journal of Plant Ecology



FEEE BAMMT R SRS IR s, 751

Agricultural Research, 9, 313-328.

Martinez-Gimeno MA, Castiella M, Riiger S, Intrigliolo DS,
Ballester C (2017). Evaluating the usefulness of contin-
uous leaf turgor pressure measurements for the assessment
of persimmon tree water status. [rrigation Science, 35,
159-167.

Mengel K, Ameke WW (1982). Effect of potassium on the
water potential, the pressure potential, the osmotic poten-
tial and cell elongation in leaves of Phaseolus vulgaris.
Physiologia Plantarum, 54, 402—408.

Moriana A, Pérez-Lopez D, Prieto MH, Ramirez-Santa-Pau M,
Pérez-Rodriguez JM (2012). Midday stem water potential
as a useful tool for estimating irrigation requirements in
olive trees. Agricultural Water Management, 112, 43-54.

Navarro A, Banon S, Olmos E, Sanchezblanco MJ (2007). Ef-
fects of sodium chloride on water potential components,
hydraulic conductivity, gas exchange and leaf ultrastruc-
ture of Arbutus unedo plants. Plant Science, 172, 473-480.

Padilla-Diaz CM, Rodriguez-Dominguez CM, Hernandez-
Santana V, Perez-Martin A, Fernandez JE (2016). Sched-
uling regulated deficit irrigation in a hedgerow olive or-
chard from leaf turgor pressure related measurements.
Agricultural Water Management, 164, 28-37.

Parent B, Suard B, Serraj R, Tardieu F (2010). Rice leaf growth
and water potential are resilient to evaporative demand and
soil water deficit once the effects of root system are neu-
tralized. Plant, Cell & Environment, 33, 1256-1267.

Rodriguez-Dominguez CM, Ehrenberger W, Sann C, Riiger S,
Sukhorukov V, Martin-Palomo MJ, Diaz-Espejo A,
Cuevas MV, Torres-Ruiz JM, Perez-Martin A, Zimmer-
mann U, Fernandez JE (2012). Concomitant measurements
of stem sap flow and leaf turgor pressure in olive trees us-
ing the leaf patch clamp pressure probe. Agricultural Wa-
ter Management, 114, 50-58.

Riiger S, Netzer Y, Westhoff M, Zimmermann D, Reuss R,
Ovadya S, Gessner P, Zimmermann G, Schwartz A, Zim-
mermann U (2010). Remote monitoring of leaf turgor pre-
ssure of grapevines subjected to different irrigation treat-
ments using the leaf patch clamp pressure probe. Austra-
lian Journal of Grape and Wine Research, 16, 405-412.

Stoéhr A, Losch R (2004). Xylem sap flow and drought stress of
Fraxinus excelsior saplings. Tree Physiology, 24, 169—180.

Wan XC, Ye Q (2008). Pressure probe techniques in studies of
plant physiology. Chinese Bulletin of Botany, 25, 497-506.
[J3%E5%, MG (2008). HEP)AE BB 70 A TR IR
HoR. WYk, 25, 497-506.]

Wang J, Meng XZ (1997). Thermocouple type water potential
meter. Transducer and Microsystem Technologies, (5),
41-42. [EZ, FHrEH (1997). b B K SH e, £
A LMARS, (5), 41-42]

Westhoff M, Reuss R, Zimmermann D, Netzer Y, Gessner A,
GeBner P, Zimmermann G, Wegner LH, Bamberg E,
Schwartz A, Zimmermann U (2009). A non-invasive

probe for online monitoring of turgor pressure changes
under field conditions. Plant Biology, 11, 701-712.

Xi BY, Bloomberg M, Watt MS, Wang Y, Jia LM (2016).
Modeling growth response to soil water availability simu-
lated by HYDRUS for a mature triploid Populus tomen-
tosa plantation located on the North China Plain. Agricul-
tural Water Management, 176, 243-254.

Xi BY, Di N, Wang Y, Duan J, Jia LM (2017). Modeling stand
water use response to soil water availability and ground-
water level for a mature Populus tomentosa plantation lo-
cated on the North China Plain. Forest Ecology and Man-
agement, 391, 63—74.

Xi BY, Wang Y, Di N, Jia LM, Li GD, Huang XF, Gao YY
(2012). Effects of soil water potential on the growth and
physiological characteristics of Populus tomentosa pulp-
wood plantation under subsurface drip irrigation. Acta
Ecologica Sinica, 32, 5318-5329. [FEAHF, T4, KEAH,
TR, ZF)OE, B, |k (2012). MR
KB AR A A S A R R 2R
AR, 32, 5318-5329.]

Xi BY, Wang Y, Jia LM, Bloomberg M, Li GD, Di N (2013).
Characteristics of fine root system and water uptake in a
triploid Populus tomentosa plantation in the North China
Plain: Implications for irrigation water management. 4g-
ricultural Water Management, 117, 83-92.

Yan XL, Xi BY, Jia LM, Li GD (2015). Response of sap flow
to flooding in plantations of irrigated and non-irrigated
triploid poplar. Journal of Forest Research, 20, 375-385.

Zhao CY, Si JH, Feng Q, Yu TF, Li W (2015). Stem Sap flow
research: Progress and project. Journal of Northwest For-
estry University, 30(5), 98-105. [ B, algt, mHit,
fEK, 2 (2015). WAt R SRE. PEt
MR AR, 30(5), 98-105.]

Zhao YD, Gao C, Zhang X, Cai X (2016). Review of real-time
detecting methods of water stress for plants. Transactions
of the Chinese Society for Agricultural Machinery, 47,
290-300. [BAFEZR, Wi, 5KHT, Z4F (2016). KK
i e SR AR LA TN T SRR AR LR R, 47,
290-300.]

Zimmermann D, Reuss R, Westhoff M, Gefner P, Bauer W,
Bamberg E, Bentrup FW, Zimmermann U (2008). A
novel, non-invasive, online-monitoring, versatile and easy
plant-based probe for measuring leaf water status. Journal
of Experimental Botany, 59, 3157-3167.

Zimmermann U, Bitter R, Marchiori PER, Riiger S, Her-
enberger W, Sukhorukov VL, Schiittler A, Ribeiro RV
(2013). A non-invasive plant-based probe for continuous
monitoring of water stress in real time: A new tool for ir-
rigation scheduling and deeper insight into drought and sa-
linity stress physiology. Theoretical and Experimental
Plant Physiology, 25, 2-11.

TR EBIR TUEgiE: & &

DOI: 10.17521/cjpe.2018.0097

©J 00000 Chinese Journal of Plant Ecology


Hp
打字机文本
扫码加入读者圈
听语音, 看问答




