ISSN 1000-0933
CN 11-2031/Q



L J: / L E

XX 4
' 1) (SHENGTAI XUEBAO)
RS £33 F4H8 203F2 A (#FAT)
H Ve

ARt 5 2R G
BB R AR S RIE N i AL RGBT R ceereereeeeenenneenennnns Fu ek, EHRE % (1019)
Al € N iAo o e - T N b 4R A TR % (1031)
PR AL B IR G A AR R A FHE R coeeeeerrenereren s FRAI TR, IhR 4T, x| & (1042)
R A S AP ARG YA FOHE S cvveerrnneeri e £FE, L EE, % (1051)
B T B AL A G 2 S AL AT G0, v v ereernerne et e e et & EME, LT (1065)
MEEERES
EEARAR R AMY AT F A RFBEZIRGHIR e T o, A, RERA (1071)
FEEHT AM A B 3T £ K o L IE RSP BARG Frhyveeeeeenns rHEET,ZE E T E % (1080)
3 mapk B 4E RNA TRF K BARFRARIR LR m A SR ¥n - RESX B2, 32 2,4 (1091)
AR AR K L 77 e B AT BAL S E B B E e FHE,ETLE KR, % (1098)
FHERITRATERNEME SHEREIATEBE T A&, % &, EEMH,% (1106)
K5 S HE 5 A NI R B R B BN A GGG ceeeernerrrn e Bk, 2, 20T (1118)
N EZER BIRAEARATA 5 HAT B F T Ao B B R AE e XA N E L, (1126)
FACH X T B i 2 TR BE B B A BE B 7B PE B ) e vvememeneeneeeeeeeeeeeans ¥ B RAA FRE.Z (1134)
AR R H R OIFIEIER TS DR LS A EWHrm e REF,F f,FEE,F (1142)
et BHEMESRES
ABRGIRS SHELE FUS H— A FEEFE AT B—, B &8 HEA, % (1153)
R % AR TR A G £ R kA T B IR 8 RARD R A e

....................................................................................... %i?ﬂ,’g%?,%ﬁi%,% (1160)
AT HREFIET TR AR Y A S EARAN T % AL TR BTGB IR H ] e

....................................................................................... L ERT. R E, % (1172)
A BE AT B N KB R AR T e M AR AL AR, % (1186)
AP BE R IR KT E T ceeeemen et FEhm i, A a K, EERE (1195)
# A X 3 AR S A R B XA B S A A R T E KMAZR, AN 4% (1204)
AT Ak E A F LR IRACHE TR AU A B0 AL AR v WLk x| E 4 (1212)
R R AR K G 3 A A B 6 of R F A FAEAL e FkE, R N, THK,% (1219)
=N XFEFEIRES
Pei 3R AL R F LA % i R LRSI —— AR E T AH oo WEE AN, W (1230)
BAVERZGERITN PR A A4 SR £ 5 VAT J B 2R A AB] weeveeeeeneeieee

............................................................................................. JEAR R ADHOR, R L E (1240)

FiRRHEMEIRE LIE CO, o N,O BALAG TR oeerrnmerrnrrneniis BRFH A7, 240 F (1251)



i B T 1 =2 -l 3 2 1 A NE M AE (1260)

A T HEC-HMS BEA 69N\ — K R IB B FILBABET -ooeeeeeererreneneennnns AW AR BB SUR, % (1268)
KA T IE) Gash BEARAESL DN 2L 200 R4S LMK IE R B G FAR oovvvnnnnn S EER A, HER,E (1276)
K G LR FIARA LN R AR R LG AAR R TR Rovvverreeeeens WAL EER, K R, % (1285)
BRG=LES

TG A RGN EREREXRE-RRNE A RAARETRADFE oo Fm A TR BAKR,F (1292)
FoREI; FHAE A £ B EIERE A FEARB T BRI oo eereeeeeeeeeeennn F, A, R, % (1300)
HIE R e 3F LIE KA A AW AW BB T rf e W H TR, F B R, % (1308)
A Tt SPA SR S AN AT A SR AN oo WA, 7 AER,NFE, % (1317)
FAREG

HETFALS T EAELZMRL A ST AME FTEMA o 7k & (1326)
PEAEKFFAL0I3 FFRIFAFEFGITER coverereertiiii i (1)

BFIEARSECN 11-2031/Q # 1981 # m * 16 * 318 # zh * P * ¥90.00 * 1510 * 34 * 2013-02

EEEEEEEEEECEECEEEE

HEEW: A F—— A F RIS KRR T 2S00, SRR H SR RZER oKD 2R s STHE, AFE0
P AR L AR B 1T 2 LKA R 3 e v Rk sy . Bl A0 2 LU IX R K T, A 5 Ll ok R B MR , 2
T A K DR ANA L, e 20T P A SRR b, T B AT A 2 SR W, T e B, A 2 Tl B 31 G A A L v e
B A EI KR JE AR, K9 IR TT &R e E A B S H ke R A SR B &
MOEAL GRS R AT REAE A A B AT

FEREGRRA . PREFHEEE LMol k%% E-mail: cites. chenjw@ 163. com




5533 A 4 S = & il Vol. 33,No. 4
2013 42 H ACTA ECOLOGICA SINICA Feb. ,2013

DOI: 10. 5846/stxb201111011638

B RRA, TR T A KRR R R WG . A4, 2013 ,33(4) 11031-1041.
Luo L, Ya WS, Wan S M, Zhou P. Advances in the study of stable isotope composition of leaf water in plants. Acta Ecologica Sinica,2013,33(4):
1031-1041.

O R ARERMEARARE

AL ,2 BE 1, = hD I AK] T4
7 o ARAYT TEFE R
(1. T E Rl B 7 B SR A B AR A S b B R S S0, R R A B R AT AT, dbsT 100101
2. PEPBHABEDFFRABE, LA 100049 ; 3. REIRTT R FGE, JalERHS, KHE 300384; 4. KEKLHEM L, KE  130062)

FEE A oK FsE [AAL R A2 A n] DL A AR e A B 55 0 SR ) R RE IR AR, O RE A8 S v 4 A A ] BT U 5 2
BIEE . DA MW FKAVER S KRR I — TSI, T KA e R 2R 2B Bl 148 78 HAE Ry oK A R 6 R
PEI B A B 5 sk, AR T YA oK R RIS A S B s A28 T W /K R & AU RIS, 2R A v 1) g s R B
K (I TAG 5318 B 12 50 R L B AR AG A8 DL RGE a7k AR e R R 4 R SR AR S R R T i oKk d e R
ZEIER Craig-Gordon F& A string-of-lakes #5784  Péclet OV B FS SRR ARFR SO AT Péclet SN AR R ASHIAI L K
YRR R S SR R B S TR T A KRR R IR AR S AEAE 1Y IR IR A ROK R E R R SRS AESE T
KA, MK ZE L 1 LR ANAEUEE M i 28 S, A2 3 T A 30k LA K i /KR R () (5 R FE /K SCIR BRI S5 I T 2 T
W

KR A K RERALER ; B

Advances in the study of stable isotope composition of leaf water in plants
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Abstract; Variations of bulk leaf water stable isotopes can indicate mass and energy exchange between the inside and
outside of the leaves, and can also reflect the climate and ecological conditions of the areas in which plants live. Moreover,
leaf water in plants plays a significant role in the hydrological cycle. Understanding the stable isotope composition of leaf
water is helpful to reveal the distribution and contribution of leaf water stable isotopes to the local water stable isotope cycle.
This paper reviews the advance in the study of stable isotope composition of leaf water in plants. It is clear that stable
isotope fractionation of water in plants would not take place until it entered into the leaves, and there are three types of
isotope fractionation-equilibrium, kinetic and biochemical isotope fractionations in the leaves. The factors impacting on the
stable isotope composition of leaf water include the meteorological conditions such as air temperature, relative humidity,
atmospheric pressure, and wind speed as well as the ecological conditions such as transpiration rate, stomatal conductance,
and so on. Similar as that of precipitation, the linear relationship also exists between 60 and 8D of leaf water in plants.

However, the slopes of the regressive lines are significantly lower than those of some Local Meteoric Water Lines
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(LMWLs). Furthermore, some leaf water models, such as the steady-state ( modified Craig-Gordon) model, string-of-lakes
model , steady-state model including the Péclet effect, non-steady-state model ( including the Péclet effect or not), and
two-dimensional model are interpreted. In addition, this paper discusses some problems in the study of leaf water stable
isotopes, and suggests some possible trends for future research on the relationship between stable isotope composition of leaf
water and meteorological and ecological factors, the signals of the deuterium excess of leaf water and of the slope and
intercept of evaporation line for leaf water, the validation of the models in China, especially cold-arid regions, and the

application of stable isotopes of leaf water in water cycle.
Key Words: plant; leafl water; stable isotopes; model
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BRI EREN a,=a, " Merivat™ 38 H o, 4 1.025 (H/D) F1 1. 0285 (°0/%0) , Mo BF AR Y oy, N
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TIEN Y IAT A BRIE S s R AR N A e T R A E R, 2 AT CO, 1 D B RN
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T #1580 KA MBS WAL B4 CO, S R KRR BR I ( CA) AL T, & Fa g Il 2 7
i S S 3R KA, A DL €00 MTE A T RA A % lBE & A 60 4ni . e 1B f
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R AN AR R A R s R AR BAREE T R KA AR A A RN (R S
TR 7 2 VA SRR SN RN BN 7 2 o AR AOSE AR L A IR B A % o WO SORH S S AR AR A TR AN
2 YR ABRERMNESSR ESEFHXR
2.1 "ABHF

FERA I 7 /KR [ 3R A VA o ik AR e, G TR R A2 T e B 1 S i o 2 YL 3 T v, P 3 TR AR
BRI, HATE T 7K 80 il 6D 516 56 R AT 2518 A LM H] . Dongmann % B 5% 1L BB ( Fagus
silvatica ) IR ( Quercus robur ) W Fr7K 8" 0 &8, H 5 TRBE 2 MAFAEAR LAY IEAI M . Zhou 257 3EHL 3 F C,
FEYIFN 3 Ff C, FEP) 53 HIAE 20 “C 130 C AT UAHSY , 45 2R R, 75 30 “C I T A HE it K 8D {EI L
TE 20 CHFBYMER, Bl iRA B T Bk 6D W E 4. B2, Cooper Fll DeNiro! " FE M K 38 AL WL 23 4 ¢ el
(UCLA) FIBAHE V5 A e 25 1F 5% H 0> ( Deep Canyon ) P/ ML IXAFSE 5 FF C, AEYI AT 4 Fit CAM AE % 0 F 7K
80 M1 8D SRS KRN, K IALAE Deep Canyon T2 IXALFIF C, FHYI H /KA 60 SR E 2 IEH
£, Deep Canyon T~ 51l X [ H- B AT F1 UCLA Hb X FrAT AEPI I oK 6'°0 Fi 8D 5l Z [\ ¥ a1 X,
TXUEHH AN [F) b DXAS [RIAE P RS 00 i 7Kk e S R Ao 28 % 1 B PRI = P o g I — 3,
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AAXSIRE (h) AEFEWRAE Y 7K e R AR S — B K - AR B X i 7K R Rl 467 3R 2H B
A5 2 R KSR IR (e, ) R PIAIITRIZKYUE (e, ) FERIBLE R, HE R b = e, /el SIREERT N, 1Py
HMKIRIEZEA/IN R ZE I AT, 7 7K B S R/ N2 BRIV XV 3 55 R K R TR Az 38 =2 TR A2 67 AH G
Mo Hean, TR R RYT R £ AR R A T B K AR A 5T & AR G I
ke AR B I K R [l 2 22 ) (R G T A (3 ST RE S B B ) S A G . AR
VBB, S T A I 5 AR T N SR ST L A RS RS A X B A, R S I SR FIAL ) A0
LSRR R RE D, Santriicek Y R BLAD RRBUH RIS,

SRR BUE Y 75 1 R B s, RS20 21 ) o3 i R i s ma i oK s 5. Al IR E
ARV RS ERHEY I R KRR E Rl 22 s SR 52 ), BT 22 12 1) FH I -SK VU 22 (leaf-to-air vapor pressure
difference , M PN 7K K5 KAKE BRI 2 H) 5z SRR E 7 81 ( atmospheric vapor pressure deficit, ZS KM HIK
TR S EBRK IR M 2248 ) BF 78 X v oK AR TR 2 & SR A SE M, W Ripullone %517 XHARAE I B K BF5E &
B, R 29 CIF, iR K ARO S H-SURIRIRZEAFE IR DG 25T 20 “C I, IR K A0 5K
FE2ZEROMI SRR, 340, Li A0 I X VE AR RS UE SE T I kK A0 573 SOKTRE T B2 R AE A 2
HYIEARDG

AU 22 1 A P 1 52 o ke 1 XL AOXURBHE LA Y K 28 W e A itk — 2D 25 1 (2 5 XUT
RES IR AL R 72 Aste ™ o DR, KGR A 0 /K R [l R & SR s A R 4, S B 2
A AR S PEE LA 30 s FE AR MOK PR g o S 2 B A 7K TR 810 5 KU = [ A7 e — 2 A R
i F/KIR 80 SAEYIKIR 60 FEAE M@0 MK IR 850 IEMH /K 8™ 0 BT A HC T , i X GHE 38 3 5% i 7K 75
8" O i M5 M it /K A Rl R A A
2.2 EEHT

TEYITEZE IS S AR b KR ekt i R, T30 K AR & 46 AT 5, 2898 1R 25 KR 8, AR 3T
b ZEBIEM KN Z IR RN R S [m 52w, AR i R /KRR [ 2R 4 5 28 I R (B ) Z [BIAF
P IERE, U0, Sheshshayee 55 ZERFSE ] H 250 7K A™O I gh & B FpARSCHE . 55 40, ik R 253 40r
ZEWE R AN — M, S 80T 40 B AR AR, A0, Santricek 257 K LA ( Eucalyptus pauciflora)
MR T TE T R BRI B T, MR 28 B A N T AR, PR L1 AD (/N T IHAR1Y

SALRIE g, S SRR Y 078 | TN B ) A iR AR R A R, AR R S AN
AR SALTEE g, AR WISFUBE ST r, W8/IN A 0 75 0 S SR K, B0 1 40 WA AR R 8 4K, Sheshshayee %5
& AR EL I K A0 5 g, Z I IEARSC, 1A Ripullone 557 2 B, 7536 B O 20 °C I, A 4E I Jr 7K
AB0 5 g, "B Z [AIFAE B GOS0 2400 R 20 C i X R AR DG HERS AR 55, X FP oG T AL SR Xt
F7K AR E R 2R AN [RL 52 0 A 4R 18, W] RS AR AP AN TRl 56

PRSI, i AR R KA aE Y @K e AR S T A RO AR S A A B R A 5
T R KRG E [ 2R 2
3 EYMHARAKRES . SRMLEXREREX

FLTE 1961 4F |, Craig™" R ILABR KRSk T 80 1 6D HARIFHILLIE R R .6D=856"0 + 10, AHH R
80 il 6D AFLEARIF B M R | (H R HAPRA Y R S KRR K, HAn, Bong 257 B 58 PG 41 A
SR 810 16D, K LR T R AR 2,52, Allison 25150 K BB | b4 — O B 80 HI
8D Z I WAFE—E R LR FR R R I Rk 28I 2k, 5 SO

8D=mé"0 + b (4)
Ao, m BRI LRI IHZ AR, b F7R BHZER I

MR KZE LR m BT B K 2 m B3 RS GGR T 28K sUKIR 6D 5 6" 0 [MIHZ R,

Fean Cernusak %557 4804 1 82 139 B3 & ( Lupinus angustifolius ) W 7K 8D 5 80 Z [a] 1 [0 15 J5 #2 4
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8D =3.15"0-6. 4%0, T 4 Hi[E KL T FER SD=7.18"0 + 11. 1%0; Kim F1 Lee > FBF5T 3 B MR 160 7K 75 15
LRYRE N 3.0, 28K mKIK 6D 5 80 MIHZRRIAE N 2.6, HETHIFEAE R, i R K Z8 B & AR m 45
/N, Cooper I DeNiro' " BFFE & I 9 FhAE Y K ZE BB BRI 1.5 3] 3.21 NG RPRAE 8037 4 SR
AR EE Y [R5 0 T ELARE AR/ N A W e /KRR TR) 2 2R 5 21 L 1) =0T R0 AR XS 35 B8 14 R DG M B I 3
Yakir 558t & B R K ZE RS LR (AL m 1T RESZ AR BRI - ZER0RE CT- Y MRHE R 59% ) 444 F M 4k
MR K ZE S L B RER N 2. 4 TR TR AR CP A IR BE 45% ) T AR AE M oK 28I 2Ry 2.0, QR
HETRECETRAG T AR m SEAK, W0 Gar 4 KB VE W 2 X IEA-1, 2Rt F K 28 15 28 1 F
BIRERTE 2.1 B 2.8 Z I iFE TR AT Rk ZE B LR 1.3

FERAIR AT, HY O FHXE T Hy°0 & A (8l J1 438 A8 KT DHO AHXE T H 0 #9170 ient k76 1
L AL m R, Ud B AE S iR B b 3 0 40 AR EG P 308 PR T R0 DRI K ZE B 2k (9 Ak 1 /I
AT USRI KR [ R 3h F1 s sk s R
4 MREKEERMEEZEEHR
4.1 fBIEH Craig-Gordon Fa 25 Al

T BRI E R A P KRR TR, AR R 4 HL 8 P v, A BRI J2 O i S 90 i) s 0K . PRIk i
— LB LB 5 W E B ST R 8 R R KR R R (B AR A 2 A, AR 252 500 Craig-
Gordon A AYHEATAE TE I T HE ) 25 10 5 FR A WA R AU, BB BE TR A Y 2505 6, SHYIZE0K 8, #H
A (B JRIE I PR TS S S BRI E R, A Z R E—ERNER, —BIEN T, BIER Craig-
Gordon FEASBLRI T (1 b SLPR g 2 (A TG KB, B IE R Craig-Gordon Fa S5 R FL i H /K &t
S [ 38 1 F-45 (L L S B ORI P (A 1 o LR T RE Sy« (1) AU AS R S W 7K e ) v 36
2 I R ROBE 25 ) AIARAL; (2) Craig-Gordon TR R SR A X i B ( Hean, H A ) B MG AR Y s
[ RUEE (CBOR BV A
4.2  String-of-lakes #&7!

R T SR AP K RRE [A) A7 2R A i e RUBE Y 23 (8] 22 4K string-of -lakes AL LANLIE M AL, 24K
RURE I R — N0, R 2 TR RS , AR > T FEWKAR S A R OEIE T RE WK T
AR FBRERGLR F5H RBWIKZER N WA S B, W, WRIZ B Z  T80E [ AL 3R SR 2
BEAR, B — BB, [RIHE 2R3 2l T B SRR AR, P — BB AR string-of-lakes F57 |
AT RS B A4 53 1 n B, B — &R AT I K 8 (B ANRIAY & B Z (8]0 AR BE AR SR 5 43 30l oK
B K S A5 n BEME UK S, (E AT R e

(50 + ‘Z) - 8/171
6,=0,_,+ 5
n n-1 F+ (1 _ h) ( )
1+ —F
Eh

KHr,8, FoR RAVKIRFERIL R N6, RN /KIEALS n BUWZ& AT (AL WY 8 {8, F, 1 E 53
SRR ARNZE A Uit 3 — B il & s b FoRm M B A B AR EE ;e ="+ (1-h) &, &" RV H7 50 RAL
IV, &, RN TG IRRN o FEIZASERL R SeoR At A5 BEIY S {1, SR )G PR T RoROP 8
4.3 Péclet B0 R AR Farquhar & Lloyd £ 7

T PR AR B ARS B | Farquhar AT Lloyd " ® 5] A Péclet 2% % Craig-Gordon i RISEAFIEIE . Péclet
RN A8 /KA v A R E  F5 G 2 sl B b, th TRK B K R 5y 78K STE 78 K R B K B 4
T B0 W07 3R s A R il k7% s bl il B 8 ik ok 7 LRSS 3 Craig-Gordon AR TTHH 28 %
KRR E R B AR A, (IR AR AT AE (), ol LA LR R 250

A= &'+ e+ (A -g,) " (6)
€;
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K ,A, A, SRR R 28 5 s KRR S OK PR T AP K IR RS2 R R ALK, e, e, 43 FRR KK
PO AT R KR R T A, J5, il AT Peclet ZUOM B B A2 B R K ARE [ AL R
YUK
g, =2z t) (7)
o
A, A, R Péclet RN TRUELLLH I R 7K AR X FAE YK IR B A2 e A7 R4 A ; A, AT DL 52 (6) 15515 o
g Peclet B, Hg k=N,
EL

@::55: (8)
Ko E FORZEMHEF (mol -m ™ s7") s L FRon PR BI M R i 2R 28 & s A 8K (m) 5 € R K 1 B8 R e
(5.56x10* mol/m*) ; D, F/RJE/mEY (H 0 5L HDO) 7E/K HF I HU%

Péclet 5% 7 Craig-Gordon #27Y [ (R FH , $ 1 T AR FUAR 4] PR RE S (B AR B AN R T R R IR A
HARST SRR T R AL A28 K AN TR I 7KGE B A A Ak S AR RS B, 1 Peclet 2N AN &
TR (KRN ZE K ) — A7 AR, TR A S B A I Péclet XA — 2 IE Craig-Gordon
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4.4 AEFRASEON LAY Dongmann £ 7Y
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