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Advances in studies on plant water use strategy
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2. Graduate School of Chinese Academy of Sciences, Beijing 100049, China )

Abstract; Water is one of the most important factors for plants’growth. Plant would undergo a dry season which precip-
itation was less than wet reason in almost ecosystems in the world. How to use water and what water to use for plants
to survive in different seasons and ecosystems became a matter of people concerns. The use of stable isotope techniques
in plant ecological research had grown steadily during the past decades, It was easy to apply D and 880 data to water
acquisition studies because there was no isotopic fractionation during water uptake by terrestrial plants except some salt-
excluding plant species, By analyzing hydrogen and oxygen isotope composition of plant xylem water and available plant
water sources,the contributions of the sources to plant could be determined quantitatively using two-or three-compart-
ment linear mixing model. Applying isotope techniques,coupled with other ecological or physiological measurements be-
came a useful way to link the water sources used by plants to other aspects of their water relation. Mixing model had
many disadvantages when the sources were more than three. Recently,a set of papers had provided guidelines for the is-
sue. For many species, the water sources varied with seasons,and plants with different functional types and life stages
had different water use strategies. Also,different species had different water use strategies.
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KARBEEY T HHERKVBREZERR &
W EMAESRET. TRESXETELETREKRY
BETHIRREA 50% (Bailey,1996) , — Bk,
HAEREBEHWESRERE T  HYBELHTMEARZ
— MBS, LRE KBS B RERMOB R, K
ERHFH—-EERRET MY ELHT -1 TFEM
— I WE,TEEWERLS . RELEKNEELR
T BE(Wright %,1992), Y 4 K X B R 2B 2
B E  AERERFRMEREREENIBKK
B T AR (Le Roux %6,1995; Drake & Franks,
2003;Zou %,2005) , X—MEH+LHE ., BT
W, YK REMA R XX FFREEYE
SEXERR AR TR AEKRIEL AT/,

E AN A 1R 2 238 XA B 7K 43 R R R i 4T
THR, TEHARRBA TR TEHRHETHE
FE2 # X (Ehleringer %£,1991; Bonal 4£,2000), Z&
A SRR W CRARIAE KB BE.ARY
o & JUAS J7 T ST 4B 4 7K 43 ) R R wE Y R e R O iR
R 457 & 5 H 5K 4 F AR 2B, U B N E Y
KoaFIHERMFRRBYE - SE,

1 TRRBESRZRAFT WHEY K
o BT 58 B T

HATHTHEY K FIRARRM ETRESRET
KBS AUAT JLF
L1 RBESRE

Tl # (X T R K AR LA b, i 320K 43 Bl 38
FEE R FEXFPAF LT A Y SR B R oK 4 R A
REEIRBMAEFRLEFEN KD MR AFZESER
F.ORM ., Ehleringer £ (1991) Xt 25 & I/ M 75
HUEHEY AR ER, —FESEZFLENARE
MERKTEKIE RN, MEELMEZFEREE
YR FMAREREWNSLEERW, EESEY N
HERKHRBMEE LR,

FARERNER AN TEMXESREY
HIK S PR T AT O SE, AT LAEWT I Y Z Bl B 75
FAEIK G 354 » PATIT X U 2 4k b DX AE 4 Uk & 1Y 49 e
BE AR EREENHEBKE. Ohte ¥
(2003) TE B LR U st , X P Fob 2 sth &t o %5 o 10 AR
(Sabina vulgaris) .75 M HE AR WM& (Artemisia ordo-
sica) LA B — R #E 17 38 AR 8 Sb & B i B M0 (Salix
matsudana ) 7K 53 F A R FHAT TR, KAY H#

0 B2 A0 1) A B0 R B A K, R B R K, T
HE RFARE LB KSR RS ERERA, R
MIPT LASSA 5 s R F 3 F 7K, T 4= b 4 b B i 1) T
RAEFKS . B, IR 2 0VE A 4 #b 8 1 AR R,
Al RE 1 AL T K T B8R,

54, Donovan %5 (1994) X 4 fi M 49 T B3 M
BT R R, Y1 F Y E SRR EK 5, Flan-
agan %5 (1992) Xt 7 # Pinyon-Juniper £f % 89 BF 5%
R MR 2 W R B R E EREK, TR R
KILFRZERBHB T K, XEEYRELSEEH
FRAE & R Y& B ER R R 7 =
1.2 ¥ FEMREFTHTER

R LA — e X REREKE, —F 0 L4
FRERT(EOES5WAR) ZFE, B TREAENHE L
SHAE, T(BOEREKF L . BRHEDET(BE)SE
W AR 22 R BURR B 09 7K 43 ) R AW, LA S Xt 7K 43 B3

KEWBIR LR, K585 EAE (Hydraulic
redistribution, HR) A FHEESEE XK. ENKE
X\ b A g <45 X PA R B KB 1 A F K (Burgess
%5,1998; Hultine £, 2003; Zou %, 2005) EFFE 7E,
I Midwood % (1998) X H 44 74 # X 9 5% 5L 49 25 [
FEYH#AT TR, BEIXED KSR EEARNMNE
SR B, o X B 3T R 5 BE AR SRR K 2 Bk &
A8 L5m T8, MY REL KT RAE
¥ BB HKIEABRZE LB MUFE., &
KGRI EARNEFERFEENES¥EL
CRESRGZEBER,. RS GESNTEAYHEER
55 3% 43 W% WSO F) A R B4 4R 3 4 AR (Caldwell & Rich-
ards,1989;Zou %5,2005), 1 Hirota % (2004) @ 1T
XFH R B AR B, 7E T B AR B A R X R K i K 43 R A
RAERH#ER.

REWZEEXNETESEWHTEREYHK
43 F FR BL 4T T B, i Willams & Ehleringer
(2000) 7E 3% [E 74 15 #P AN At 0 2 WA R A M 89 Pin-
yon-Juniper 47 R 4 (0 = F 0 BW F 19 K 4 F) H
ROFT TR, KR ENFANEEKS £8K
#RE K, MR T K. Li % (2007) % 5 & A 88
EWRETEE A JL WM HETHBTR 2, HE
WRP T A I 78 fH AN TE A RN {URI AIREK 5 3%
BIEHK Y. Querejeta % (2007) %f BB 75 BF AL 3 &9
FTHEBEREBREAB KAy HET T
FOMM KA TFETHTRSEX, B4H 4~6 1A
FTEY, B TSR HEE, £ REREEE
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30 #

A A AR YR D A BN G R 3 R K, T ER'AK
HE-EERMPHERE 2~3 m KK,
L3 REDSRSE
B RAEY A =F ] F B K TR 3K RK
HWFK., ERKFILE, Eucalyptus spp. TEARRIZEH
HRARM AR A TK ETHAKNRE L5
7K A B A (3R ) 7k ( Thorburn & Walker, 1994; Jolly
£ .,1996), Snyder %5 (2000) 78X+ W F] 2 HF M B 1] 2
Y HATIEFE A B & B, AR 8 B 22 PR TR R T R A i,
TA 2 8 A A b T K ) K A ) B 2 1T T AR AL
B B AR R Y I HE 2 5 A FRK, 1R
ZHFFUERR , T Z W R AE YRR BJLFEAF A
7K . Dawson % (1991) 7E 35 B I ftb M = R 89 7] &
YRR, LA /DRF K, R 2R AR
JLFEARF AR AK, TR TH T K. [, Busch
S9N WA RIM T EHE YT LR,
Populus fremontii 5 Salix gooddingii iX B8 # 4L
Pl R B A A K ERTE R F R K T AR R TR
7K. Smith & (1991) K BF F ik B, A Y 77 FE K TR A
sk, FERKENEMAMAREK, L RETE
EEEMAAMT K, AR ER, AR LK
FR IR AT 7K 2 M X B AR R A B R (R i 3R 41 AR 5 i
TR Z M X AR ARAR{BL,  E K IR IR ETK. B
ERBLETREERN LI, WARFR T KA LG
M 40% B 63%(Thorburn & Walker,1993),
1.4 BEESRSE
BEEYE - THESHROBE, REEIIH
SRENK.BEHATEKFERERE HYLHA
B BT GEF . Sternberg % (1987)
XD BARMBNEREYHET TR, RARF
1T P RE AR 26 (0 Coccoloba) B F FMR K (&
TKARWD) > Tt £hFhJ (U0 Slicornia) JL P23 F) BTN,
TTEL A% Ak XF 53X 8 R 7K 35 #F B8 ) A, Sternberg %
(199D)3F5% 3 MREE Y M T #— BRI R
R, ZEFEENEY RS RAE A ARKRHA
F K, RA DHIUA Yy [ i K 580K
HALBEERXEEFRENER, BHEK
WA AR EY TR KEZ —.
& Matthews(1995) 5t i 1 48 JE I 4 1 4t ot #k 247
MR RY, EEELAEY SERERHAEK &
ML EYNERZMAF K MELEHTHEY
AR AT K. 54, Dawson(1998) 5t fin 1 4 2
WAL # 7 41 42 (Sequoia sempervirens) Bk BT 55 45

Ingraham

REH.BDMEZE, BRI 19% 89K 7 KK
REAZK, M TERMEEREY LIS 66%.
Dawson BT 38 & B 7E B W9 8 20 9 5 40, T 4 2
BRI TR,

WM, RE¥EWNHE —BAESRE, AW TF
# (Meinzer %, 1999) . {87 ZE W 4 & R 48 (White
%,1985) . IBH # B B R (Le Roux %,1995) A K
WAESAEG (ERE%,2008) 5 EHEY (McCole &
Stern, 2007 F R R BB AT RE HHEY K KSR
At#fT TREHHR.

2 KRR K BT R O7 %

HarE WAt FEFI AR EERMLE H.®0.2C
BARBEARFRHEYEAREERGTHKTRAY
1 BE (Ehleringer 48,1991 ; Dawson, 1998; Riet-
ti-Shati % ,2000; Drake %,2003), i FRI K S
BEEMNEE, BRARTHRRIKERE AR R
LR AR, MEEYEA R T —&HE Y S (Lin
& Sternberg,1993) , ZE A ¥R R Xt 1+ 5k 4 50 1R ik
RS REAARMNE - BRAREME KFEHK
YRR RS AR AR ) L ia i RE i m
AT, AFERLAR, —REEDENRFER
FAERMEMEIE (White %,1985), Hilt,H
Y AR K 53t [ 2 K 4 AL BB S Bk A R O A
FKBEMBBERMLERE . WRAFRRIENRAE
HRERBE AT GESX KHEYKREH KT E
& P K IR A R4 K 4H AR 8 M Y 55 35 ) R AR 26 Rk IR
Bk S (BB ES,2007),

HW, 8 0 E BT UK (sapflow) R ST Y
BK T FIRES, B TR AR AR R H T HRE
BRERET R, BET 50T LR 7% Ak
F AR Cheat pulse velocity recorder, HPVR) (Ed-
wards & Becker,1996), RE FHE#M THR K F
30 mm B R Z&; # ¥ 3 5 (thermal dissipation
method, TDM) , % 77 # B Graier (1985) % B, & #
AR B BT R S D E W TR E RN T
4 47 3 %7 B (tissue heat balance method , TH-
BMD , 1 #% ZE 4 B F 4 i (SHB) (Wiltshire %,
1995) F it F #4534 (THB) (Kucera %,1977) ,

BE AAEYHETERSE, MAEEE,
SARE BUAURMMPFH AKE . LEKE L H
SKESRERMEEARDPO.PCHEIHER,
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AT L3 BT AR 9 06T 1 R R R R VR B9 7K 4 B H X 43 )
FH K BSG (Ehleringer 2£,1991),

1 5T b B A W) 25 R B AR OK 4 S AR R RE A A B9
AERPK o EE R RE, FIH RSB =020 B
2R & 5 & (two-or three-compartment linear
mixing model) , B] UL fE 8 H R [6] 3 18 7K 4 X 45 # #9
FEXT BTER (White %5,1985;Gregg,1998),

RYE Brunel (1995 @ W RN EHRERH
A, HHEYAE PRk o R IR AT

0D=x,8D, +x,0D, (1)

3 0=x,0""0, +8" 0, (2)

x+x:=1(3)

LIFE 3 KRR, HEAKA:

dD=x,8D, + %, 0D, + x, 8D, (4)

3 0=x,0"%0, 4 x,8" 0, +x;8% 04 (5)

xtx+x;=1 (6)

HA,0DE¥O) HHEMEARRI KRR E R
(B0 MM EAR, 0D, (6%0,).0D, (3% 0,) 0D, (8"
O Rk 1.2.3 R E R (R R ERA x % %
KR 1.2.3 XTHE Y ET R R K S B B R SRR

MR =TTREREHEFE L B A5k
W, MK IREE 3 AL At , RER SR ER R
Mo FFZFEXT AR R K N MU TR R 5T
fik , 5 % % (Phillips, 2001 ; Phillips & Gregg;2001)
TERL X AMNE R B R T T — 20 B 2 A0 30, I A
Fa 52 R R EE de-convoluting Z IR A F FIBUR T 3
L EHEEM ZENELRBEHAT N, EEE
BRI A A E B W BB AE T IR E ST
1T — L #h 38 ; Schwinning % (2002) 1R 4% 8] £ 2 7R BR
PRI R R B AR A R, T LB A R 0 £ T
B N [ AR 1 52 SR AR )30 7K 43 B0 AR XS F AT
R LA G RO HE T L AE B TR K 0 r IR R

3 BRI R AR E R

3.1 TR 5Kk F A
HYRFENEAmTEES AHURREE
FRPE b 09— R FUAE R AR AL, T AR R A8 I X 5T, R
R —ERIhEE R, IEXBEEATRETREE
FEARLAA B, 3T BLXT 0 55 4 4 3 B 4 AR 10U i B B9 — 25
HA A UARE OF SRR BARE) MEY IR E YD)
AERY (plant functional types), ANEIhEERIAR R
YK FATRXEERNE ., Walter(1979 42 H 19

PIE B (two-layer modeD$§ i A Y 5 A4
Y LB AR R RBOK S AR FIARE £
Bk, MR ALY AT LAF B A L 5K 4,
Vri% 55 (2005) 39 37 8 /R YLE Y E B &R iR &
HEBRETRELN 3 MEBEEARESEEN (Tanariz
ramosissima ) M ¥ (Haloxylon ammodendron) i
E B % (Reaumuria soongorica ) B 7K 43 Fl B 5K #% 3
FITHIR, X 3 MEYR TR RERIKE, ZE &
HiE THRE, AF ARG NER FERBET
HWFKTTRRMEBE R NEGREUEY, FEKE
WK MBI Z 3K, H K R ug B AR 48 K 4
FUABRETRAMBEZ £, NTTERFE®E KL
AER, IREEARERIENEET,EBRA
FAARRINGER AR HRANERLHFTH
=L Rt

HAEY RAPEY R EXREYEER
RRBETEHREKAFEREE T K, MEA—K
FRAZHKE . FTARSHERERFMALT K. F2
BEEAFABXH#ATTHR, NEEBFREEER
(Sala %, 1989), 3E M ® K 44 #h X (Knoop %,
1985) , inF 48 JE Y42 4% #K (Gordon % ,1989), 4t 3
SERBE B E (Dodd & Lauenroth, 1997) R #
XS HERE ., ARG MEYRA ALK
Ko R HKwg, ATRE R H AR N R, EAEY R
AELZWMILF R L L2888 R Ak,
T K B R B B A0 B M9V )2 £ 8K (Soriano &
Sala,1983), Dodd % (1998) Ky B 55 & B, E A )
FEAM KR BFREZRKHFER L LRk
RFBFMARBETHEREZRKNRE T EKG, TR
MA AT K, AR RSN ZEAE, R
REARTEK P ERBUT —FAEXT R 5 AR
3.2 HMERKMREKSHA

MY EAFRERGTBEREEATEEANRR
F,BA RE A A EARE , B A8 B 0K 43 1 R e
WREEARAF. KM ALY Didymopanax pittieri
BEARRMESIE, ENEFETUZA 3 A
FR B e B EMAERBRSTFAN &,
ALY e FLA A A R BRI T R /] Y 7K o 2R BUSR
B B - 58 4 FF AR I B M35 0K FR I A 8 )2 AR AR BUK
53 AR B BO 38 AR AR BUK 43, T 24 Bt A8 B B R
B £ % A7 R F B #E 47 (Field & Dawson,
1998) . [A] — 4 b FE AN ) K /)N BiF Xt 7K S 9 3K TR W
R [E (Dawson, 1996), TEERKEY, /I EERE
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30 &

F BB K, T H /DX R ZEAL, i LK 5
BAREERFRE M, RA LT ROERE. M
Z P AR E LK F R K, TR 38 T A A3
B K. 1B Meinzer % (1999) H1718 i #8 R B &5
RERFEETTERAD, KT /AMETEMT
B WATET R BUE R K BUEE L 0K /K i
(H% 2 L BAKRT] AR ; T KRN & 7= i 38 4L
SEXHNK, ERERTESAATENE KK
FRMEEKE.

BeAh . B BB ST, PhIUE S (2006) Xf = ik R
RABS DR (Pinus massoniana ) . i £
(Quercus aliena) ¥ FHE (Q. variabilis) 4 BB &
BB MGHE tEER SALTE ERA
FEKBEURTARERFURAST THME, XA
R EA L RER BB ISR, T RER A
FERKKSFARE, B, W E THEER K
F KB, AR R TR T BUK 50 F) SR HE
33IFERTEUSKLFA

HEYEARRBZET B T8 2 AR 2 E KD
i, Bk &R R B K 4 U 7 R . McCole &
Stern(2007) Xt ZMEAL T R Juniperus ashei TER
BZEWHKSFATRNHEAT TR, EGREH.ET
PHEZEHEYFEMAMT K MERRNELEM
VEBEFMA 10 cm LT H 3K, Ewe & Stern-
berg(2002) Xf 44 B B 35 M A9 A< M) 7 72 R A B 5 19
Ko R RPRGE#AT T B, RILF B A B4 4
MXKGHOAARAEHBHEY T, ETEHY
FEAMART A ERENFEFHLEK. Li%
(2006) 7 %t 8 AL AR B9 — b ¥ At ¥ ZR AR BE 47 F 92 B
B EERKRETH, EFRKBEERNWET, Hri M
MHA 30 em LI EHRE LIBAK, TIERKEER
BT, AR < MIRR £ IR BOK 4.

H5h Ry — B BF 5T (Smith, 1991 ; Dawson, 1998;
Lin %, 1996) R RHIER T A S W ERRMHZ W R
AR B KD FREEKSF FHER., Dawson &
Pate(1996) EX M A F EEHO M T EHASR
SR _SHERAEYHATHRART T LA, LXK
HYEBHEGLERFAREFEHETNNRE g
K, e T2 89 E F R Rk T 4 P T A9 £ 88K
B, M T KM, A EREHNAESRER
REA43 A—HN T EHEY S — S E K
FYW., £ TBEY, K48 E™E (Wright
%,1992), A TRBEF, BEHMY LM TFRHAE

I E B9kt B £ K B3t T K (Dawson &
Ehleringer,1991),
.4mEkSFA

R — ¥ R 7E R R 9 A B2 o O] BB AR R 89k 43 F
RS, RIS, BIBK Acer negundo B AR{L
FIF# T K, A F AR K 582 £ 8K (Dawson
&. Ehleringer,1991) , 1 X , ‘& 7 ¢ F1| 38 Hb X 40 #
FAYR T RE/K A 80K 5 (B) 7K (Kolb %,1997),
BN, Ewe & Sternberg(2002) 7E 8 B H 2k M 89 BF
RIBAR T ABHEY Schinus FEH T WA FAR YT 11
MBE P RKARATR. BLARREMALSEESE
FNESTBH . ERHAEERPHELEYE
FAKS T EHAERERZTZEA, T Schinus 7R
BTHROBEETKSGFAEEET L.

R4, /) — A 52 5 89 R B P Aok 4 FL R O KA
FHWAAMFE ., Williams & Ehleringer(2000) i1
R R BRI LA FE TR RIFMEY Pinus
edulis 1l Quercus gambelii FIFAEZWM AN AR Z
&, iEFRFARELEK MEEFTEMNARE
+ 4k, [FI#E, Bonal % (2000) %4 B 36 % )& £ W HF e
KRBT AR FATAH#THRE LR,
Eperua falcata AR FBR 3 m 4L/ LK, T 5B
— W F Dicorynia guianensis W EEFH £+ B2
17K 43 Duan %5 (2008) X F = R K 3 MES
REGFEARERVE) T 4 MR HF (Quercus
aquifolioides , Pinus tabulae formis, Salix rehderiana
5 Nitraria tangutorum) #1579 R, K I E A1 HREF|
RmAS 8K BRI ESEEFHRU RS
SEtaraR R R B EZAKBEARFE, 0B Quercus
aquifolioides EEF FIBRE LK 43, T 4 04
Pinus tabulae formis EEKE K. B Hh, Strat-
ton £ (2000) Xt B g3 AR #b T MR AR 8 AN RHHEAT
TR, RAASFEW A AL RKNRERR, ERR
Fit Metrosideros polymorpha 53 0 #f fh Reyr:zold—
sia sandwicensis EBF| FBRE LK, T 57 x4
RPN B Y 32 IRBUK 4.

4 #HiE

H A E A A AR E | AR RBEAR XM EY KK
S F FRMEHTHARE L., FARE R XA
VKRB 5T, PLE G S A TR, R E R
RBRAEYIKF R ELERL. R, BB/ ER
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WRE M AT R MBI, LLEAR FE R R R
VLY RK 2 F KR . BRTRALR R ARE
23k W R B TE R AR IR T I BN R E RER
EEH—IFE. FRAREERMCERARSWHTHR
=InIRA BRI L7 69 2 BT E R R R UK 43
Y B TR (B 2K 7 SR IR AT 3 B, FIX P 5 &
LU B Y R KR IR, BB SRR
FA —Z B R RYE, Phillips(2001) X 1 445 B 9 57
HEAT T —Lenk ok, RRE R A SR A A R T A
YIRSk RRERMRERAN UG HE— &
ARES MR, WEFREDOAR M ER TRESF AR
E [RIAL R BRI RE K 3 R VR R B BT, BEFT IASE 380
BT ERARRE AR F TR EHERSE
WAEEEHETIHRRGHRFREFHLR, #
BREMZTEHMAREETEGERE,2004),

e 8
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