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Application of stable carbon isotope techniques to research inte water stress

CHEN Ying-Hua y HU Jun, 1.1 Yu-HDng, XUE Bo., YAN Cthg-Lng " (School of Life Sciences, Xiamen [ niversity,
Xiamen 3810053,China). Acta Ecologica Sinica.2004,24(5).1027~ 1033.

Abstract: Carbon isotape composition is mostly determined by the biological characteristic of plants, but the influence of
environmental stress is also evident and cannot be ignored. This article discusses the development of studies on the application
of carbon isotope technology for water use efficiency (WU E), biomass, past climate; summarizes the response of 8°C in plants
to water stress caused by drought, salinity and other environment factors and deduces the responsive mechanism of carbon
stable isotope to water stress.

Normally, WUE is enhanced by water stress, and carbon isotopic discrimination (A) has a negative correlation with
WU E. As previous studies suggest, most experiment results were ohtained from many kinds of environment conditions and the
reciprocity among these environment factors is very distinct, especially in some field experitments, therefore the value of §1°C
can be used to compare their WU E more accurately when certain environmental conditions become limiting factors. In addition
the relation among 8VC, 4 and WU E in few plants displays differences in different plant organs and growth stages.

At present, the mechanism of §"C variation is limited to the physiological regulation such as stomatal conductance,
intercellular CO,; and activity of carboxylase. Further study should be done on the carbon fractionation during the process of
physiological and biochemical metabolism. Studies on the change of carbon isotope composition in soil and respired CO, should
also be investigated. In addition. the effect of flood damage on plants §'*C can be further.
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Fr B[] 32 2 B {H (isotope ratio )8 5 [A]fif  HI B {E (carbon isotope discrimination value)A, —lE X RNV EKER IE —-TLEN
ERUEFEFSBRMCERTEEZL HE T RERENE AN TFREBHMUEE HEFUSMEMVERA RS —1F
MY R a [ i & b ReAEWR HE RSBSOS HEH . RETM S . HRACEENER R
SBC (%) = [/ Chs/ (BC/ 2CH4, ] (1)
% 6 £ 3 47 17 B 1 B i) B B OB R AR HE AL ) PDB (Peedee Belemnite) R ZER £ B R MBB LR E  REN EHANEA S
SPCHMIEXRWRRA .
A= (8"Cqg — PChy)/ [1 + (&YCyx /1000}] (2}
RESHREN LRSS, KPHUCO/ICO, —MILEEE. AN 98.80: 1. 11, HYEALERSERTR P LXFC
HATEBERW. R CHEHNEREERRTAAFEHREHNER.C, Y S'C HRBLEBEM —20%~ —35% . HEHEBR ST
FHEA/DERPERE.IER EESLT T RUBPCase B 4r Z/EH — M TE —27%. 22877 C, A5 9 8% 40 M 0 v 73 45 B 76 CO, ALt
B THHR.HOLEHEXBENIHS C MY AR EHIH 6°C BE ¥ A — 7%~ — 35%2 8] , 3 o 79 5 B 5 1k B§ (PEPCase)
R 2R R 2%, Benedict " H LR .C, BYHBRRAMNESERN T SIHEA XMMB IS 4B MSI R BEH
RCREY (CAM )50 8°C HM —10%:~—22%L. 4/t F C: 1 C, M2 8 B 5 G R AR EEY B R Z AT
LB 2F B A — 5. 6% 31 — 34. 3%,/ THIl — 8. 7%, ~ —42. 8%, 144,
MNEEYLRHERE F— AN SHEERERAYCHEHNNERELRAH, B C,.C, BPa oVC B LB RE,
B FSETFHEY CHNEHGERIEE. SR EL e FTRENERUNAS SKEBE . BRUSHHE
SUCHH AKX 3% ~5%"1, H e CAM ¥ Kalanchoe daigremontiana, 3B EM 17CHEE 31 CBE. K 89C BT 8%,
Farquhar M ATHENEMEESH TR KRG ENBEE C..C, MM §"C HS5H BT RIGRIL 2.

BC, = 8C, —a — (b — a)(i/Ca (3)
83C, = 8¢, —a (4)
WUE = A/E = (C, — C;)/1. 6AW (5)
A=gx (Ca~Ci)/1.6 (6)
E=gx AW (7)
WUE = Ca [1 — (8"C, — 8"C,) falh — a)]/1. 6AW (8)

AL CLC SN HRIE CO, HE AN KRS CO, WEH . a b R B1% CO, 983 iR B8R R 6 2 43 25 (4. 4% XL A M AL B
W 5P ERBRE (275600« 87'C, I 87C, 23 B A A A MIFHE CO, MIBRIFRI T ILE . AE 4B MK S R f R R, AW Hyot
RPMIREZ 2. XEFBAR 0°C 5RK CO, B E HH CO, KE . SILANE BT R « 7 6.4 4 F R %
WUE SEHTBRRER.

T LR BT, A PR B R T KOk B 4K TR R0 Y , b 3 -+ 0 B i 1 b, + 3 CO,
W] 7 48 A AR IR + R R R RS 8°C 1B HT e WA R IR 01C (AR ML, B LB A SR R A 67°C {8 3k X b
TIMEYLRA R, AT B s B mE g, BETWPHAVRREMHEIEAR I LT B KD . HE PR E
SUFRNERLSERAPERRCELEHZ RO, HEHEEFIFRER T ERCESENEWREZN.
1 CH(HAME WUEMXR -

AKX 1~6 TR, 6"CHS A MERME. 5 WUE BIEHE, BILR 0°C R A B E WUE, W2 50 B i o
TENTRARRE . Ee, WER Y 6°C B R % M 5 F R K 5 ) R 36 1y — % 3 3 S EHEHEA)/
BB (EYR BRI B K 4 R A RCRE R R, 8 WE R 6°C Bk R WUE W8 bl Frs e THEHDEKANDPEHR
FRY P Bk R AL o IR T T LA ) SE AL 430 K 0 ) AR S i 1S L IR B S i 5 0 WU Fe i e bR i i R TR Ry
R MK A E B OVC 1) B HE W o] BER M7 WUE FEY 8~ 14 3L 10 B 15 din o

ABEBRE WUE MAMBXENED R EHFEHY S R B8 TIEL.BE, -JiLtFrs HTRAREARASWUE &
EMAR™ 0 FYREY MR EHES WUE @55 200 W 3 X%, i B8 s HY X 2 #0 7 R M B 8 68C {f Hh 3R A R Fh
B LB WUE BAE™ . Yehoshua Sarangal™ ) B 57 2 09 . 4% IR BrE 6 B Bl 4l ad 6VC EHEMBIER WUE,[H %
WUE 5MERBEITH RBEMEET N 6°C HAH X R B . B, @t 6°C EF MY WUE RS KRN BR I8y
A, A .8"C iﬁﬁﬁﬁﬁiﬁﬁﬂ'ﬂ%@ﬁﬁﬁ%a%ﬁﬂﬁﬁﬁ]ﬁ*ﬁ%lﬂﬁ$ﬁiﬁ?ﬁ%%ﬁlﬁlﬁi?l:t%ﬁ&'ﬁ‘f:tﬁ%[z
R WUE T bt F 255 SR .
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MBMAEMES CHEBMHXT ", P KINHKENREATRE KSR FREEHAERGFTIEY
MrEAERE.ME, TR EENE HRBERAWUE AWK 5 AEHAX Bl A HAEREY KD EHESHE
#5270, R s 41 B A O O S b R B B B R AR |

HEZRHREXAEYFESEDBRRSHEREMN ABEEMAXY", WFA4KETENRFEFETHRE. LB
HEaxHHeER TN TEma. BHEPTENAHNHEXHERETENRETREEE MARBMAALENYAER
ABRERHAB BRENEFSRSCCOVUEIHF - HEABS~ZPAXERBHMN/&BEIENX, FHXMHEXHBEKSD
BEPERBHBEPCOAEMIHE. TS AESEYCREVHENAMX. BB AERTEN T BESE Y ROF IR
HERA-ENRTHFENERKITB#E.

3 SXRGBEEAXHEBEEFIN SCHGE AEBHER
31 TERBA

AEABBIFETHOYHGCHANGKRAL T TEFETHES, Wit KR XA 84C 1 WUE hAkKERS
MR ERLT B ERER I E, BBR (Poa pratense) B R BEREVEHARB T HEE, Leadi™ I EHRTFTELSTH
i AEES 5 L BEE K 2 T SREVIBL 6CC EHAR M A BB RAN (DOBEE.FE AEMMO 5 HERE A KBREE S
LR g MERA L.

TIRATERIB AR AP LI R R ESE MR A BHR B SCCHEMNEM, TR LHASRRTFELLAE DR %
M OUC HM B AN EY OC HERE T EHRENEMTEAC], B—UXTFRERAREKMHEMRARSETHIEERS
HHARMER ERKSTTENSE R4l 0VC H KRR M BB B 64 69C ERER >,

HTFEREHREFRRAFTHRED FHEN C BT HERMDIT B Y K DB, BIE 0C 55 K 4 2 5 E
KE.CHZAMMBENRKERBLHBREINZANELEREE. R . HERNEEEBR T CHEENS. X5%
B AR RN R SR O A B ol S M 0 B i 9 1 R 2R 0 LR SR ET LB IR LR 81°C [9BSR 5 20 fiH 4 70
FRKMEM TR RIIGR: BRESF . HimERRM A . KB NE SRS B KBS E. AT
HAXGSHEESASFHETRE.GCHEMK, MERTRMEA, LR FAY 6C HRHEDS, HECIEX P ERIET R X
PRMRRY.OCEWUE FEHRTREREMHEIAEE . F B (Leymus chinensis(Trin. YTzvel. ) . M (Ulmus pumila
L.y /et 5838 JL (Caragana microphylla Lam. ), B 3T & (Astragalus adsurgens Pall. ), My (Samguisarba officinalis L. ), 38
M & B 3E (Potentila tanacetifolia Willd. ex Schlecht. Y2 i #189 8°C & WUE FERERMBENENMERRBRENEAEE: BR
B 5 M (Fairbanks) I X BT & 5 6°C A B (A E B A0, 335,520, 02V R X B R EL A S SA S E L
WUE, M\ i 3 R 35 38 3% & B B F (Lespedeza davurica (Laxm. ) Schindl. ), Bk 18 3k (Serratula centauroides 1..) Fi H -1
(Glyeyrrhiza uralensis Fisch. )iy VC HEFER K EMMMMEMN. REH X B HYBEETHALARE. ERABEEWEY %
GFRAAKS ATEEBHEITRRSER . BEENY,; i 75 5. ik 5 B | ' (Astragalus dahuricus (Pall. YDC. ). ef [E] 44 38 ),
(Caragana intermedia Kuang et H. C. F) MMM 8838 L (Caragana stenophytia Pojark. YRERE K BT A, BBHM B4 KT
AL L REYH R E RS G EZ B H KB,

TRBMA=SIEBEPARERKHPRRRFT CHNZS . B MEIERIBRHI A o0C HERS KBS Y Lt 7F 7E #5 A1
RE TR E. REBAIEBERNHET BEEFLESIREERAPLBH —MHEMBEHEDBAHX SRS . HEBS R
M 7K oy 18 2 B BB BT EL . B KA 8 S SR R R R A KB 6°C (B, BAN BB ANEA K RY HIBEFT
KoM A R Z B MBI 2R/ FEM PR 3 BT AMERDES,

A ERSBRERTRELSBEFHLEMR = EF R0, FREFII AR T 20 #H42 80 #) 00 SEA B9 SR T8, M2 20
LR E AT B E BB S B 20 # B3 2 #2 (white spruce) % #2 f5 B (W %8 B9 T B . B e bt 485 16 00 B R) 7 38 4 1) =80 3%
HREFESHTREMANSZZAREEKTA THE M, RS2 54 KRR EN 7 7 . il -y eh | R A L E
BZEHEMERSFRARSHRFENEERBXC, Boh 8 F 6°C BE T 4 EHATE B CO, MK ERBRF G
BB E A METHER UCHEIURARSH C HEThAERM Y TREE.

EREMEXRER. T RAESHBREESETSAEA. MEIHEEIBNEREYEAESK CO., B B FEELL
BOAR K 53 38 5 49 K 0 O R 1), R ZE BR AR D T R X K b P ORISR M B R0 B AR L PRI, AR E M A1 & B 4
HER TP K S T ERWEES .

LEHRES  TEHOBEEFHATESECHEHNER, ATES WUE, RGP EREHRNETFES WUE
WXRAHBREBAER., NN WUENEZERTHBESTFISASEM K BHBYRE FHEREFR W ¥ ZE B (8] 138
EHIERIRMS S, E.SUCEMEBLETHETREEEI MY WUE Bk E &% —5Ha.
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BALMASTERENEYHERPERFTFESHMUZE . MFHIARE LG ENBER. AP EHRELI%.HH
B & WEEh 38 XY K aPC {H (B VBRI R sUCHEETE AR ARG T RS =BT H BRI IRMAERLS . e
ARAEHEAEIR. EMEFHFTHEHRREA LEH TFRASERET &, X REM 5 ERMIESILE WL
HEFEEBEER B CTRARTTHA D S EBRE CO, EwE N MR TAFRANESILEWERE RS T LA
B F LA XA, EREMKEIMERE WAL EFEHE A4 THYH ABLEDERET N5
TRELEEBEMBFBREY Puccinellia nuttalliane AKX BRIEE TEHENEB IS HHEERHEBEHESFE G EHHNGHE
b, FREBE & 10%.,

EEHFROL S THE —SEYH CHEERK . BATEER R 6%~ —10% . BAEREERX—RAZETAY, K4
HPPRAKERHER SCEZEMT CEHY . BAKEWRHENES C, HPHRY, RS EREDERERN Tk,
RBEEX URMEMBFKENMERELEN KD ERHY Bk, & K7EE K 5 & M KL (shrub mangrove) H 3% 7K 41t
N 32 % 1Y 341 % L (fringe mangrove) ) 6°C R WUE B, Hilt M RATHER WUE MMz E 71, 52, £
TF 218 55 1368 0 20 48 B o I B BLOC ) B YRR AT, Smith and Epstein™ M i Ml T — &1 C, 1 C, H1# 8°C 4.
3 R B OUC H 54k MR, TEA T RTS8 T 09 E K (Zea mays) . F H £ (Gomphrena globosa)s B b (Raphanis
sativus )+ \DNFE (Triticum aestivam), Salicornia virginica Fl R K B (Spartina foliosa) W) SPC HBF Rt R L 4531 8°C H M
. R, Clough®Sim" il T S HRWER AWMSHB L IFHH WUE B AKX SHERMT A S, W+ Wik 5
TR TR B 5 01°C A0 B IEARYE . — B 70 20 M I T R T i A REMEBFNEREHANTEARRESN
AZEHRERAN SERREEKMERS. HXFEAHEARIEZG TIEEHNELHAEREM TR,

Isla™ 800 K 22 0 SE Y G5 SR R O, 3000 e A R BB 00 SE 1 A B 85 48 (ECss =22dSm DK E . S S E TR 65% k& ¥
RS AEALRKER T AA R EMRME, B R T4 EMATLNE . M8 T AE SIS B T, /54 M8
F A ENRES SR EREROTRIORER. s WEREETNPRER, SIS ERER B E T &4
THXHRE EERETAZIANXER. Bt . EHBFET A AT AEMNER R Al 10E R A=/
HERIAEIR . SARE AESERTABIEI AR N@EREET.

4 KSMETHYRBERDRLEHFELHNBHTFR -

K5 REGIRTILKIEA R A RE T RS L S BRI B R OC M R S AR AT, %
TARSMETHEYEOREE EEZFLTF 3 fHA58,

(DSARBER BKERTFRIAD . EDEBEN P AN T REEN R NEESA XA, KA. W E CO, 1 E
(C)m] REFEAR A8 47 B8 & #R R R 2CO, AR MR, 1 AL 67°C MY K, 1R A F A Bl 3 7K 43 B0 B 3 L O TL 5 JBE 2 i 1 B8
MRS X ATAE R AL AR AR B MR KR TR A F BOTL S TR A KRR T 0 7L PR S 28 S8 . B U 1) GO, ¥k B A
KAEWH VCERRME. HL, SILFRM O — PR T HHIB R C B, A REERE A S5LSE ¢ RIEHLE,

(DFIILRHER FEASPET HSHRAIBE TR ERE CO, w52 5138 818 5 8 % 4y #0605
AT WX R T AE AL B R B a0 e A0 S 0 1 9 [ K (CATP  Rubisco & BRI HBES) 3R . ARSI
PR B 45 R0 Farquhar®Sharkey ™ 1Ay . R A 24 8 18] CO, ok B M 168 51 4 7L 158 01 12396 o o AR LIEH S R
EHALFERBAGEBHATRSGR., SRNRMTA XS EROBERERC NEE. BAKEEANTIERHEZEESAL
B o RO PR 20 A T 0 A T R o OB S S 1 PR 36 A B % R MUK L X1 °C B0 SRS L AR, 0VC I TH RS . BB R,
REWC HARLWE, TIRMAT A SATHRBERBIEC. =C, — 1.6 A/g XA AT E 83 1 , B I HE G 0 P 20 J e 2
RET) HIBEAR . T L A RF — AT it A L A9 2 S ILAR B8, B2 2R ST AT 4 — B B I 7 SUFL O 19 59 36 B e o 1
ARRENTAREURAERAREIEETHEL T HELARWUEHC BEX AT FEREATS RS ERHES
LR G AR AR X — KT EN E NS R BE TRIT, A, R5%EC BMEERT A s E s°C A
HWELRHESILEES E.

(B[RS RH BR LRI IROL ST R AR —H S AR S L g B — AR AR . 75 —28
SrMse a3 . B RS ALK H A A4 R LB A B 0% & 1R B B0 SR S TL R A 00 FURTERASTRRARET RS r5A
AR RAEAARYERT A B FBPAFIN R KD THE/T s°C HEH AERFEAUNIBEFARARESAEEEL
IE TR B FI 0T,

BRI R R B H E — 58 (B0 5 B M Fk 4 038 T PR 89 025 T L O3 7 » 36 008 5 o T 7
T TH DM PR SCCHT AN T &S E T R TTIRIKE.
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REWMFRBEA KFE L5 EEY K WUE (8 m.ERK2HEFETREDH WUE (Y nE &2 MiE T
EEmENERNBGFE - FRIE. ARMALBER LRI HMAXE. AT 0°C RIESEENTECHRER, MALX
ARHEYUREFREARTHYOREMR LR FTHERRNEYH WUENRFHFEZRY. BAREYERERE —HIE
B EI RS T A Al fgE o s"CEREEEMNRWWUE, HENHITMBRERERE . KBS LRARZREB TEMIKER
HHGEEMPGR, LRREXR . AETHNMEEREYSHE. 508 0VC EXRIFMEEY WUE DK AERTH
PrBRRARNBISAEERMBENGERRHE.

AL P8 40 1K 9 1 52 81 A M o B0 W 0 9T LS A8 D 6 B X R B A K BE R e i B — AR R R R BE R R R ER S
FHTEMTR, MHEIRBERAURRA RS SAMAYHRHIIE, ER. Baixt FHEW KL 80 8°C 6738 4 /Y HLIE
MR EERTASEAIBTHRAAILSE BB CO, RESLARE FE. M TEANNAEBAARB IR PHOBRFAMLE
AEABBAFH—SBI, E T 2REE L HOFRSEE MR, T L EIMFER £ CO, MREZEARMEATLEH
FEAL DY 38 0 5 35 Y OUC R W . {EB I — SR,
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