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Relationship between salinity and stable carbon isotope composition of C; plants
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Abstract; There are two components of variation in carbon isotope composition ( expressed as the ratio of stable carbon
isotope relative to PDB, denoted 8" C) of plant tissues under salinity conditions; one is the effect of physiological
processes; the other is the high salinity-induced switch from C,-photosynthesis to Crassulacean acid metabolism or C,-
photosynthesis. The former is a main factor affecting plant 8 C values, whereas the later generally has no significant effect
on whole tissue 8°C. The relationship between 3" C and salinity is relevant to intrinsic salt-tolerance, salinity level and the
period when plants grow under saline conditions. Non-halophyte and halophytes have different response patterns in 8°C to
salinity in terms of the mechanism of carbon isotope discrimination. For non-halophytes, 8" C values will increase with

increasing salinity when the stomatal closure is the major factor in restricting photosynthesis. As non-stomatal limitation
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becomes the key factor with the stress intensified, however, the values of plant 8°C may decline. It should be noted that
the correlationship between 3" C and salinity is not exhibited by mild stress treatment. For halophytes, the lowest 8 C
occurs at a favourable salinity, and the values increase when the salinity is lower or higher than the optimum level. In dense
woodlands, the CO, derived from respiration recaptured by leaves using photosynthesis may alter their plant’s 8" C due to
the different 8 C from that of the air. So, further investigations are necessary covering a large range of salinity and duration

of treatment, to explore the response of plant 8 °C to salinity, and the salt-tolerance of species.
Key Words: salinity;stable carbon isotope composition (3" C) ; isotope discrimination; halophyte; non-halophyte
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3°C SHEZ MIFABE FMHXAR  FEERERN RIS 8°C Ei R, XEMPERBmARERRED K
# (H. vulgare) ./NZZ (T. aestivum) JKFE(O. sativa) ,TER AR YIS ZE ( Phragmites australis) %5 , DG4
Y1, NFkAR (K. candel) .EL¥GHH (S, Sericea) AL (L. racemosa)ZE, SR, G LMY, WHAEE N (D. carota)
YEHEME(A. germinans) % 3L 8 C (AL SR B 2 R A B A B A9 61

£1 Y s°C EX LRI E R
Table 1 Response of 3"*C to salinity

3UC HHERRR

e [[2F=X2 LiBEN o b TR 7] e 27 30k
. .. . . . Relationship between
Species Salinity tolerance Salinity Duration of trial Reference
8"3C and salinity
ki [ZE=N EMERXR
Gossypium hirsutum salt-tolerance 0,50,250mmol/ L 52d positive relationship [2]
K= ZNCE-N EMERXR
Phaseolus vulgaris salt-sensitive 0,50, 150 mmol/L 37d positive relationship [2]
Sl PERABMBEEYT 5 gmmol/L 10d; 13d EMRRR [3]
Oryza sativa salt-sensitive positive relationship
R 4078 33d RILH EEMRRE;
NGB Jekilbie . T 25d B B8RP B B
. various of 0. 11mmol/L 25d; 33d o B . [4]
Oryza sativa alb-tol. #X 4k apositive relationship at
salt-tolerance 33d; no relationship at 25d
EMERRR (H.E ) B
25 -
WA A+ 0, 75, 150, 25 L o G TREEARE
Pistacia vera non-halophyte mmol/L ’ &3 % 53 positive relationship
for leaf, stem and root; no
relationship for whole rootstock
HE b [ ik EREIEMRRR, BEMX
Daucus carota non-halophyte 1 ~80 mmol/I, 56d AR B3 a positive relationship 6]
(& -28%
HEREFRES  ALES #2704 #94A e ]
Carpobrotus non-halophyte About 270d About 9 months

(rang from —28%0 ~ —22%o)
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813 C K 3
e Rt PETY eI TR S%3H
. .. . . . Relationship between
Species Salinity tolerance Salinity Duration of trial Reference
8"3C and salinity
eSS s
( Karchia CWI10990, Eﬁlz&ﬁ?) MBI —
Shorawalki BW20313, 85,137,171 mmol/L ( From seedling to grain L -, . [8]
R (EWF) ) positive relationship
Pastor CMB5836, drought-tol filling stage)
Baviacora BWISI03) e o ornee
/hE
Triticum  aestivum, A[EHERYE
cv. Tanit (JETH £  various of 50,100 mmol/L 21d IE*E?E%E\U bi [9]
{#),T. durum, cv. salt-tolerance Postive rolaflonship
Ben Bachir( i £54%)
K2 - 17 ~239mmol/L 210 ~240d EMXRR [10]
Hordeum vulgare positive relationship
KZE [E=X27] EMARRAR
Hordeum vulgare salt-tolerance 0,225 mmol/L 14d positive relationship [11]
HER
( Eucalyptus [GEZN =R IEMRER
camaldulensis salt-tolerance 34 ~308mmol/L. - positive relationship [12]
Dehnh)
kit B e
Mesembryanthemum HaEy 0,400 mmol/L 63d IE*H;E%?R ! [13]
. halophyte positive relationship
crystallinum
i EhEARY) K EMARRAR
Scaevola sericea halophyte 85,165mmol/ L Long time positive relationship [14]
St EhEARY) 85, 250, 430 #y60d EMARRAR [15]
Kandelia candel halophyte mmol/L About 60d positive relationship
SEaR:)
. EhEARY) EMARRAR
Laguncularia halophyte 0,256,513 mmol/L. - positive relationship [16]
racemosa
T
Avicennia germinans  EhAEAEY) TR RN B
0,103,274 mmol/L - 17
EEH (RO halophyte U, SR INO no relationship [17]
Rhizophora mangle
EROM(ROR) W 100,250 S00mmaL, EMXXR 181

Rhizophora mangle halophyte
a FREABEMFEYE  no relationship

MFE 1B LB, ES 8°C ZIRIN LR S YA S AT #5458 55 B3t a0 i U % [F—Fb
YA FE 2T TR BB R A , B AR R T 8 C A 58 E X RN AR, B A& TR
LR 8°C HEHEZ ML BEEMXLR, ERIRZEM 8°C HEAARRE ., W, TR KRN RAb
et T W I 4 87 C (E RSN TR o 7EAR XA B 2 V0 FEL P9 , R BE M B IR 3% € R o8N,
B 8°C {HAam FEIE, [ERMAHEDE, AN RRE, MY 8°C B4R/, BENZFHEIHFER
RW T, TRBAABERHERXRRMEE R, Fln, KW (R mangle) 7E 0 ~274mmol/ L ik 2h & AL
T, ARG P R, T7E 103 ~496mmol/L By EALEE T , RIH BFRIEM KRR, 4 FARZE
B RUKREAE O A 111mmol/L A&/ F , 438 25d B WA R I B F MM M, AT KA 33d, 4 APC 5
B AR BFHREHERXR,

2 HEFHT G 8°C EHTLNE

A PE AR 87 C (AR BUE T AR S A BUA  — A Rk 43X 49y A L T 3h i R 0 i 51 A 1

8" CIEMBUE ; 75— R E T LA RER RN ST R 3°C Er L, HR, g MiHyE

positive relationship
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AR FAS R AR, HIL, ShF YN S, A BE R A KM T 8°C 38k
FERE,
2.1 YA BRI SRR [E L2 7R B A E RN
T B[R] (o7 B AL B AR S HUBE BT R
8°C (%0) = (Rumge” Rusntam —1) %1000 (1)
R M HH LU C/ 2 C, R ppnitur BAVEY (EE R F RAM A LL K AR ALA) B C/2C(Hh
Fk Pee Dee Belemnite) , fH#I%t"C FBE A IE B9 4B, B A M7 R R, CO, B9 2 78 Fp ik 1] T IR i 2
#2CO,, MR KB A 1" CO,, Bl EEMAL P C WHNSEBBT AR RMNERNHNEERSE CO,H
B2 C AP C BRI BERA F B B B RN A R LEEST CO, B9 1Bkt . 7EHfid C.AEY b &1EMA
AR i [ AR RO R R | Farquhar 28 RV BB ) 2 9 R BAIRIE" " .
8°Cppuw = 8°Cy, —a - (b-a) Ci/Ca (2)
A, 8" C o AR CO,MBRFIN E Hifl ;0 BSILY BIIEM R R, b Fm LB AT -1,5-—
BERR IR AL/ N4 E% (Rubisco) BIREH R AL BN, o 1 b BRAAXTRER , BHBRE a N 4. 4%0,b K 29%0, Ci
M Ca 2B RHHHREIER CO,¥KE M HEKS COEE, FiE M ILER R 41N CO b EE, KK
CO, T [F3 2 £ A 278 52 , Farquhar' 76 1982 4E898 3045 tH LS HIX 2 — 6. 7%0,1991 4E Griffths ™
IRy —7. 9%0, —8. 0%o, Feng™ BB B vk B3R E 4% WK 1L 9 AR OB, B 7 T R SRR EBR Rz
RIILEMB AR,
3%C,, = —6.429 — 0.006 x exp [0.0217 (¢ -1740) ] (3)
Rt e, BIEXAARHE G 1996 ~2006 4EA]H) 8°C. N —7.98%0 ~ -8.35%0, BIEE
B R -8.0%AHy 8°Cair 1, HIL, YK C AT EBIRT Ci, MAWHFRAMRXLR. HAH G555
FE (ge B gs) FIEEEER(A) FR:
Ci= Ca-A/ge 5% Ci = Ca—1.6A/gs (4)
K, gc M gs 4 F12 H,0 f CO P BMSILTE, HIk, MY 8°C 5 A/gs MR, A AN
T, RS E M FRRIREE T CO, MR, N A/gs LA, HWTIAE Ci B/ 8 C AT R, RZ,
M A/gs HABFEMK, FIAE Ci 2B KA 8°C B/ MR A Tl gs LAFRIER IR EE FEA%, M Ci 2% 8° C (BRI AR,
WEE PR ER FE I3 ARG (K. candel) 1 A T gs Y9FEAR. 7E =353 (430 mmol/L NaCl) T, S LT B HIREAR
BEXTREER, HW,HHE Ci/Ca &KL 5%(85 mmol/L NaCl) TR, Rt R BLH Al B 8°C
EEFEE" . YHEMI(L barbarum) K F & T 103mmol/L ) NaCl AAFEAMT ,Na* 1 C1™ MISTHR
HAMRET A EREE. R, C LI ANE R, BRSILSENEREEELR™,
oA XA R T LA AR BN T E A S E. B3N ST E R RS COo,
B8, FETE G RSB RIS RER CO,MBURE, BFEERGEEALEM, ANHDE A=
R, [Fo) 35 A RIE] CO, R, FB G AR BT I, G 2B T 1) (MG n 238 B 2RI Wk A 3h 5k vp
YA e SILRR B ASE S LRI EERE ™, 8°C SHIR Ci WX R B, BT UE LA R
HIERH B —, Lissner Z 1 Choi % 3 BIRIR KA H b Bk IR E BRI B RA X R M8 T
P (P. australis) FEAERMTIR, BRI —BER, WKILRHE RS ERABEM FEZREEE, 4,
L A MBS P RESILIESS AN, AHSEZBRAGNEN g SREMZ, FiTEY C#E
R, AT B RS FLIR G EE R A B ZA9451R 45187 . Brugnoli 1 Lauteri 78 BF 53 £ B X # 7E (6.
hirsutum ) MR Z(P. vulgaris) WIE-AVE R MM LI P &R B, 5% HAH e, KE7E 50mmol/L NaCl &4 F Ci
FARKEAZE , 72 R EE (150mmol/L NaCl) 25 4F T RO , B2 HoAk R 2 B HE 5 (A) ZRREE: B3 I i B A%
(B 8°C FEEh A N An) ) o M B LRI T R SRS TRALE TS XA, 33 HA
FISMASEHME R Ci =Xt gs B, G W R/PZSILREREN, SRESHNMEN G AFRE,A TE
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Y Ci R AEBRIMA, EkSSILR AR SH XA, KRB RGN EH Ci R, AR 8°C
RARSZISARE RAEFEDSHLAH TR o b 0, 7507 285 4T 1 4 89 6B 15 F i PR 4
B RN, Y 8°C ERAL T I R E AT R

FRUCHEN , ZE SR A AR T, SR A Ay AN £ A e G A B 7 R ), S BRZEHB AT 8 C 1 5385 Z A1
RAEWAF, EHREMYNEERET , HAHBEEER, IILFEANAGERY R THERE (8FLH
M) FROMRE, B 8°C (R, XTIk, T AR RERE, HH 8°C ERIK.
B, SRR AR A ARG 81 C (B M B 0 B A 18 ik 3 e R ) SRS T I K, (ELR, W R a8 RO IR, — BLFR
HYAEANESEZHSILEREZ AESILERN AP 8°C WA Z K.

2.2 tABBKFEET 8" CEMEMH

HAR PR MAEEYAR CEEHEITDCEER, RAA 18 1R AHE 8000 ~ 10000 F) KIIHYIRE
F CHAY™, CAM MY — M H PR TR &6 4 15 F AR SR AR SR 2, K5 33 MR, BT ea A
RPN C HERAR, REAFR A RE LMY RARRNRFENEAR. CHYK °C EN

—20%0 ~ —35%c( 35K —26%0) ,C,AHYI N — T%0 ~ — 15%c( 35K — 12%0) , CAM fHYI N - 10%0 ~ —22%o0
(BN -16%0) ™ . 1R3% Ap =6a — &p fB ba g — 8%, W [F) i & SHEME (Ap) HITE FE 43 518 12%o0 ~ 27%o,
—1%o0 ~7%0,3%0 ~14%0, FMEAYIN 8°C EHAT M CHEMZIE, BT RERRNAR LA, K&
SRUESE, C, B CAM U2 T LAE R, Cl™ WTLAVE 4L PEPCase, ZER WK E Cl" FAEMAH T, GO B ET
i) PEPCase THMER RGN, (2 1F C, EHEM YT N CAM A1, C, 1 CAM Y C,iE Y RA ERIIH
HRES , BB E N T B RS RIS, SMAE MY fp R R R 2, /T LUE A # TR S H X 8 5 A
RHIENRE ST o

2.2.1 C,-CAM &MY

CAM 5 C, 372 MM H SIEBIFE, TR G8e™ 7 (KR S TiES CAM R
KA, HhMEEE AR TREME N CAM R BEZ 27>, skt Hep B (M. crystallinum ) F $L7 i
C,-CAM FeMAaY) . 7E—BEELE R TP, M. crystallinum & CHY) , YAEBER L RMGT , MFEE
B CAM AH#7, CAM BN AFIFRBEA AR TE R , BA B A E RAK SR MR, CAM B2H
FHRhE THY 8 SREEENETH B AR A W7/ Ha T A REGS AR CAM R,
W0 D. clavellatum ZEEESM A TEA ZIH CAM fRBHHE . CAM Wi S RUR A= 7E 1 Py PR i 35 Be oy
RAEANE T OB, B LR R AR A AR WA R CAM R,

HEie 2% C,-CAM MY E EFTE T Aizoaceae, Crassulaceae, Portulaceae K Vitaceae JL & .
C,-CAM MY 3°C A K/NSHES K4 CAM RIFHBREA X, YL ETRERSEYN L ERE, E
CHEIR CAM RARRE Lt ARG 8 C (KL BE 2 PRI, P ARRY IR B b B3l O TR i ™, Pierce Z M T
50 Fp RAFHE Y &R SESSHAL R M 87 C M R R B BRI, HH 13% BRI R A 8 C {E N
BIH) C3AR , (B Rx Beft My 2 DR 72 ) B9 LR BR AL A0 B ( < 10% ) e TR) CO, MRk ™ o 4R T, R A M H &
LR 3 C ERIMHYIR A AR, At B R B R e AR MBI 2B, B2 a9l
8" C{E A P FRBE A BB T A 45 A B LB, R BB 75 43 PR BRAE BT SR /9 CAM AR BT 7= A M U 4 4R
IR REBHI . B30, F KL CAM Y5 C,-CAM M Yy i) ik [F A R B 51 (A) R 2 2% ~
4% . TeHAEEA LI, CAM RN A AR IR S AL e . WV R B, BAR
W8] P. crassifolium T P. veitchii BT FR A BIEN, BIY6 A fEF 7 CAM R 53, B 20 H 19 8 C fH7E
25.9%0 ~22. 6% I8, I HME Y CIEARRE ™ . BREMHHLN 8°C H7E KB/ HHE T CAM R
B RAFTEBREG , B RTEL BET R AL R AT PR s BRI CAM B4R 4L T /47 5. Borland et al.
FIRELR VB ARNE Clusia minor L. W F R R BE. 7ERIZE, HAEM A A (AP 17. 1%0 £ 7
P 22. 7%0, T AH X 22.2%0 FRER] 17%0, RIARAEM FAEMELU GRENE, SR
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b, RA S CARIRE, MBEEMN MR hT2M CGRE, A EHE—-RXPHZELIEE N 27%0 ~
19. 2%, RS FALIR KT R L. 7FERZ, LS R 2%y CAM B2, SAEHRXXKH 4 ~5h, F
PIBRZER AR R . B 3h MEHI A {25 6.4%0 ~9. 1%, T, CAM RiEEFEEFFEEMERY
2.2.2  C,-C, A EAEY)

E—EAHTF,CH CHMREHRBAEEEEY R B, XY —8 B 4 Kranz £ 1)
MR ARAE , AR T B FVDE PR B 2R B — BB E CO, 0 C.BRIGRE 1™ X KM W B C,-C, H RIEE Y
H R &K BRHY C,-C, o [A) BUME Y 45 TR} % F 558 (Alternanthera) (357} 5 #E25 /8 (Flaveria) | +5-7£5} Morican-
dia /& RAP} ) % /& (Panicum ) FI Neurachne J& , 52K 25 & ( Mollugo) , %€ 3£ #i A} M T 78 /& ( Bougainvillea )
Eleocharis J& 145/ 35 /& ( Parthenium) 48 ) REH £ BN, F—MEY G TR EFHICERBIRE
¥, HFEMYERTHERABEEARFERN AR, WA CHEYIHE (N, tabacum ) FZE R L
HEHAMARESR C LA %R &, PEPC B M HLERA B BRI, MEdm4EEHA P E C,AVLERMN
BB CO,"" , BRI A KA R WM E L R i B E a0, K. B RMRE W
CO,EL&MEHTLIES CHEYD CRIBRZNHED , etk C,HYTES KR CHEWIIFIE,
REE L C i8R0 R, AT TR 6P 58 BE A CO, 4 SRR, HIFEREY CREEFRLER, B RS
B (GDC) Frh AR TE 4R TR B BB 2ok ik ' it Y 4 g P B9 DGC IS4k , B 4 i 6 hp i A . 3%
1635)8 (Flaveria) H C,-C, PRI BE YW FE A ZHAR SFREF GHEYKMEM, RE Y C,REEER CO, &
50% ) i, 3 51C (A B,

BT L, C,-CAM FEMAE M C,-C, FRIZBEM R RA AN T G, CEYZIN, 5 CAM ek C,
R C,RMP R RE G X, EEEMA T, B C B4R Rt 8° C {Er A tb i Tk
BN AR5, RAGE HAHTT-BE, 8 WA M 4 B SR 454 . H S0 TR ot 2R I 2 I P 440 P R 4 5 T 8
R B, e C A SRR T o, DA BRI R AN CO, MM S E S, TRRBHERETA L
AR BRI RE,

2.3 A CO,MRIBEREM 8°CH AT A EE

TEREAREREN, KK CO,MRM RAR (6a) R BT R E R, XEERLRE TEENL
AV FRRE S A R A+ SRR R B R, — T, TR AEAXCC e, RSP HET
i CO,E&°Co B—7T, BMATRR CO, MR RA MM+ CO,M C FRIERR, ThEIEH MY
PR AE A 3R , 7E6R A BB AR, PRI B COLZE SR B -5 R RIB-A A BUE MR TTHLERIR , T
BRSNS R BRI A B 8°C (8, IEER, X THYERBERE CO,H °C MR SUAENERA
[, —HHMISE R ZB,CO,H C WER ILIFREYHNC W8S, Iy TE R EL£C™, x
B AR AR, HRET EAYHSR 8°C HRF .

3 GRREE

MYTFEER AR E T 57 C EIME T RBE ST RS : — MR 5T CO,BY B 1538 BB A3 R
M5 8°C EIHEE; B —MEIEARARINMAESIERN 5°C EAAE4k, 5°C HM /NS5 HS K4 CAM B
C/ARBHBREA X, HMaELMEEIT RS FE AR BB RE— R & N C
PR, AR C S BIRT KSR CO,. MWL 8°C [EREELE M7 e $ 5 1 A B TR £h itk
B, ARBEHRIGEEZS, DEAanNEEREY 8°C NEER R, MIEHEaYms, K
R E AR ER AT , REER B A3 I A iR B SE A Y 8°C fEE R, (B RINFEEEE K, 8 C A LR
N EBAH BENHE XM, SEEAYTS, S C SREREA X, RERELAMFT MYk 8°C KTH
EEMELAHTH S C A, N ETRESA Y GEYESRERRNER, TILES CRIETER CAM
R, YR 8°C BT K, 7888 A BRI b BUAR I B bR, Al 0 A0 + S IP IR BB A CO, BB 5 6B 1E
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i SR 87 C {E,

e BRI, RER AR EL , EhAb 3 i i 1R A B B8 PE AR AR A P, X LA FE 43 LR 30 B 349 87 C
BRI . SRR SHY 87 C MR ER b, FER B RS EMAT R Ma A2, 7
AR AR A FE A OB , LME 2 AT 87 C ST EMI X R
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