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Abstract

The 13CO; pulse labeling method was used to label the wetland plants and soybeans grown in wet-
land and soybean field, the soybean field was reclaimed from wetland. The results showed that the
613C values of wetland plants and soybeans increased from -16.43%o0 and -28.33%0 to 1185.62%0
and 1311.82%o respectively, after four labels. Atom%?3C was 1.198 times and 1.34 times higher
than unlabeled wetland plants and soybeans, respectively. And Atom%?13C in roots, stems, and
leaves of wetland plants increased by 1.03, 1.78, and 0.91 times compared with unlabeled,
Atom%13C in soybeans roots, stems, and leaves increased by 1.20, 2.19, and 2.99 times compared
to unlabeled; soybeans have better labeling effect than wetland plants. Wetland plants and soy-
beans Atom%?13C showed a trend that the aboveground-part was higher than the under-
ground-part, and the soybeans were more pronounced. With the increase of labeling times
(growth period), the roots Atom%?13C of wetland plants first increased and then decreased, stems
gradually increased and the leaves first decreased and then increased. Soybeans roots and stems
Atom%13C also increased first and then decreased, leaves gradually increased. 13C situation in
every organs of the same plants in different growth periods is different. The 13CO; pulse labeling
method is effective for the labeling of wetland plants and soybeans. It is simple, practical, and re-
liable. Under the same labeling methods and labeling conditions, labeling effects are different for
different plants, the labeling effects for different organs in same plants are different, the labeling
effects of the same organs in the same species of plants are also different with different labeling
time. According to this study, the quantity of raw material (13CO;) dosage, labeling time and labe-
ling frequency can be adjusted to achieve the labelling purpose.
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AT HEHEPBCARE R T E R IR, KA BCOAKFFRTIEIHE AR Y & b3t B5E SR 8 H E 8 1E
MIRKEHAT T IR R ER: &1 NKRERL, EHEYA K GRS 13CIE 2 M -16.43%0F1-28.33%0
W In3)1185.62%0M11311.82%0; Atom%13C4r 3 ELRAR1C KB E A K SAE MR 1,198/ /113445,
BHAEDIE . ZRHRAtom%BCHRFFIEIEM T 1.03. 1.78F0.914%, KEMHR. ZAH K Atom%13C
EEARARCHIN T 1.20. 2.19012.994%, KEBEBHEMFRCHRE L. EHEYA KS Atom%3CEIH
HEESBTHTHRSNES, REEHAE. BERCKRE(EEE)NM, AR Atom% 35BN
JEREAR, ZEZBEHM, HERRERN; KERMZAtom% B3CH LR INE &, HZEm, R
ENEBREEARARETHECERAE. BCOLkiriciEincBEMM KGR R, MELGT, L
WS, AMRCHEAREEAGT, AAEYRESEREER, AXEYARBRERCRERA, B
K YA R 2 B A FCH E AR A AR, WHATREE R CEMEHE. fCr M
PrCSi RS, KEPHCEK.
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1. 51§

20 tHed 80 AR LUK ARE Bk RO 3 AR M FIAL 24 T AR IS L R 22 0 TR ML B S5 F R i 7L
HIRIVES RGEARR R, BOTFERS RABIEI SR EA TR 1] (2] [3]. FIHFRE R
[FIAS 2R AT AR R X A BRIR, T 98 38 WUB S 20 0 1) o S R P R ) e iR, IR BB P B 5 Ak ik
R4, A RRRE MR PN RAE AR RARIEHA T AR ARR] 7 Z R, T ORI AR A ek
P2 AEIR AT R X [4] [5][6]. EARFH 2C R BC AN R EE 2 51N 98.89%A1 1.11%, “C R AT i
BHEABEE. PC 5 PC MR Z R YC 5 PC B, PC U EN AMEAS B fE M H B A ARd
51 AR HIARIC R A, R SR AU AT SR A 1) T4 PC M s B[ 7] [8]. PC RERIEHE AR
- FEY) - IR I R B AR, BE S B ST R W LR (1 B AR O R A R
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LB RGREE R AT SRR R A A ] PC ARId RSB RL, LA R A AR S R
AN RO AR A SN FI R BRI HUBRH 7 R AL BE
E 35 AR AR S S 1) R R TR PC RIRL R AR ISR S Bk . PRI . SRR
WFFE AR, BC ARic i se st 3 Rt 2 4 % B, USRI B SE, 5 882048 B 2 A Thsic 3k
. PC BhR AR R CAE T IRBRAGIARE TR 2R, AR AR B R SR ERUKEE . oK
/NFZ[S1[6] [71[91 [10] [11][12], HAMAZ RGAEMIBE D . IR RGTBRIE I 2 BRI A ) 5 2
AT, B AR A =0 Bt DR R R R B0 (X 2 —, i IXR AR AL R ™ [13] [14], LA
P77 AR ZE, BF TE BRFE O SRR A 2R PO S i ) T B 1 ) AR At XRRIRIR DL AR # B 2L AT S AR
R PCO, Ak bR i AR Y St B TE N S FRAE R SRR AR, IR T
b BRI e A WUV S A WL AL 0 J B SR R R S R 207 i

2. B EFE
2.1. B

2016 4 6 H R E R B YL A 2305655 (132°20'00"E , 45°21'55 "N B 3T 78 5 168 3 S H AR
() R A TR KT H 0~30 em )2 3%, 3R SRR R 50 cm x 40 cm x 30 cm R,
T 3RO S R 4 F(R 2 A FRARIC, BT IR R A RRIC), BYRRIEH TR R (K
RSP, FER RS, BRI ERI A, KE HEME K ECRE R NREK 22 5,
FREE 5 cm x 4 cm)o NARIE PC ARiciRIE T AA IR S YD RIK B KA RSO Y, IR & 1 5 R
PR, WEFHWN 2016 427 A 23 H. @iiBeK, B IR RFRAIK S om, KT HIRRFRE HIRE,
ZHE YRR

2.2. PCO, SFBKAHRIE

AR B IR A VLIS AR R AR, AN R KRN 1.2m, BT, AIRBANRE
AT B, FRT VY 6IA BlE SO7 T AR S A, R T A ML B R, Sel
AW UBBHRS BN 0 2 R 2 o A LB R T vty P B R R /NI XU, DAEVR SN BN Sk, —
_E3A —/NLA A PCo, Sk,

KEHW 15 K5, EHEYAKEZHILFERE PC bricds B W RN FFaAbrid . Faicilib e % mm
Pricds B AT, BRGNS REE 99%, 4 99.999%[) CO, [fk 5 TH. FriCHFNY A 8
REN 12 pZ 8], FRic i By b I s, 7 R R R TR UK R, S B B N iR B IR RFAE 28°C~38°C [,
FEE BT BN 13 B T IR R AR

FRICSEIR LT 4 IR, BERG 10 KRBT —IR, FRARCE RN F IR M) AR & 2 R B e bR ic 2
B b, R R EE R, R R B R 0 BB, (A s, FT T B S T
BER R, 20 2% 5 i i B 3 SO0 i A /NFLIB N PCo, Sidk 2.5 7, fRE YOG S E R EEHT — AN R
HUGEA PCo, 54k 2.5 7, eEERBEHMT AN G, BA 2CO, SR NaH>CO; fil HCI R M 3E1F) 5
Tt DR ICBUERE L[ 7]. ARidikEe g G, BUN B .

23. BERRESHH

ME ARSI, FERURRCEIIE 9 REEVUREEFRIC K ARAR 1L AR A A AR SR AR %
50k, VA ERARL 25 I, 60 CHET Rk 100 HIf& M. 5B 4 ARICIEHEE 9 RIS B
FEEAR (R BT 6 HSE 5, SRR AR Ry, Yeid, M RR. 25, mhordt, YR IR ER
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EAF 5%

HoIRZS, 60 CHET JE kit 100 HIfi % H. KA DELTA V Advantage &[4 2 J5 i I 52 3 67°C 14,
FRUEFEn 9 PDB [ i H #r#E(Pee Dee Belelmnite FrifE).

2.4. BIETESE

— BT, BRI LB RARC) M B R FEEH oUC HkER, HHARN 6°C(%) = (R wa
/Rpps — 1) x 1000, FH R js = "C wa/?C 12> Rops = “Cops/*Cpps» Rpps = 0.0112372 (hrdE¥ h it & &
BEMRFEZLL).

FrRiC IR — R Atom(%) K £~ Atom(%) A 6"°C (%) /A Ry Atom%"C = [(6"°C + 1000) x
Reps]/[(67C + 1000) x Rppg + 1000] x 100 [7].

K H Origin8.6 1]

3. ZRE S
3.1. HRICRIRIEMEYIERE "CEE

B 1 AT, AR ACIR G A R AR D AR AR . 250 [ Atom% " C FEH 43 /2 1.091~1.097,
1.092~1.096 F1 1.091~1.092, Z AR K; BAEKE FHRAIHE) Atom%"C J RIS T, 2510 Atom%"C
BIEAR o BEARICUEOBINCEK IS R85 0), 1@ HAE IR Atom%"°C Je3 G FEAK, ZERH Atom%"°C &
W, 5 KA R IR IR . ZERIH Y Atom%"C HERARC IR N T 0.39. 1.02 A1 0.86 £, =
UAREJE R ZERIHAT Atom%" C ELARARICHIBIN T 1.76+ 1.18 A1 0.52 £, SVUSARICIEMR . ZERIH)
Atom%"C HLARARICHIHEIN T 1.03. 1.78 F1 0.91 f%.

3.2. IFCEIRAERRE "CEE

W 2 s, BAFRCIRIE I A RARIC A KRS 25, M) Atom% " C JEHI 7 55 1.073244~1.0772,
1.074533~1.076012 1 1.074561~1.079657 . [iti A= K Fit [F) K AR ZE (1] Atom% "> C 3Z i B, M) Atom%"°C
S AR 5 TH T o BEARIC OB N CZE A IR ), KB AR AIZE /T Atom%C JeH G P44, 1 Atom%"°C
BN, B ARE R, KGR, ZERH Atom%"C HERARCHIRE N T 111, 2.02 Al 1.67 £, =
UAREJE R ZERIHAT Atom%"C ELARARICHIBEIN T 1.65. 2.38 Fl 2.16 %, SEVUUARICIEMR . ZERIHf)
Atom%"C HLRARICHIIIN T 1.20. 2.19 F12.99 fi5.

3.3. ;BiEMFAE PC EERTEE

HE 3@ W, FRicE KGR ZRH Atom%"C 8 hnfE S0 TR . 5 kbsid ) KER.
LRI Atom%" C 39015 500 5 LIRS 5 1.87%- 0.98%F1 0.95%; 5 = hnic J5 8 hn £ 500 51 i
A 5-0.06% - 1.01%F1 3.11%; 28 DY AR /= 38 A5 25073 ) EL R HB AR &1 0.17%. 0.23%H11 2.27% .

SV bRAC 5 RV AE 4K 28 2K A A b e 1 b A 47 K G A AR () Atom®% P C 43931 Ky 2.385275 F112.519542,
A3 AR BRIE PR P AR SRR 7 1.19 580 1.34 5. K LR U AR e 3R 5 45 (14 3(b)).

4. Vg

AHFFCRA PCO, A ki it i ks 4 S B B G A R0 5 B K AT T AR . 58
—hRid)E, B ARNOLHER RSB, RZEHAKE, MARAF), BTETREER,
PR AR S 36 B — R bRic fi BORE IR o 55 DU VR bR e Rt A P AN K BRI 612 C A 20 591 —16.43%0 128 .33 %o
HEINE] 1185.62%0F1 1311.82%0. £ VUVKFRIC /G B AR . 2RI Atom%"°C HLARFRIC I T 1.03.
1.78 F10.91 fif; KGR, 2RI Atom%"C HLARFRAMN T 1.20. 2.19 F12.99 fif. AWK C brid s
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Figure 1. "°C value of different organs of wetland plants
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Figure 2. "°C value of different organs of soybeans
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Figure 3. "°C value of wetland plants and soybeans

3. BHEYMAT PC FEXL

FRic B0 B . AHEARCEMIRE T, BC LG WAR RS2 AY e HkH B (5 0 e A K
PR EAIFEMI[10] [11] [15] [16] [17], ZSE6 AR R GAB AR AR 1C RCRAH L 15 A 0 58 i iR B .
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EAF 5%

RV 2 B A P05y B 2AUE SR BT, MYs & B E R BC ok hZEH >
MR, Ko [ 58 AR B AE D B3 7, AR A B R AR 28 T o DO ki s 7K e SR AR W ) o
& BC TERBRAN R 4 i EL BRSO R, R YE B iR 2 T2% AERE AR 358, 7.21%~7.71%4) i
FIMRR[S], HABKFEA SR 55 BRI 2BEE 8 [6] [18] [19]. EKAETEA AL I3 40 10 b b 3B FIHE 6
FeERE, o 5 R B 1 62.39%11 17.88%, Hb_E#r m FARFR[10]. /N2 RIKZZ TR 2 anik[9] [20]
[21]. HACKERZRE PC EEMREE C RO ZIZE > > R[22]. EFcCE R e A e
(11 OCC A TIE DA Z2(18%~27%) > H(4%~8%) > H(1%~2%) [23]; AHE 7T ARG CEKFER)
IBHAEYI A K G 52 E Atom% " C HEFAZE > W > mAI > 2% > W), 23 B Atom%" C mT
Hh AR HEMARMARCE RA 8, EAMRICER . TRE 6°C 55008 124.080%o0-
106.800%o+ 116.737%0, 6"°C $lEAR > &1t > T [24]. ek RbRId 1 MAJE, PC M RCHEIR > & >
H[25]. RN 28 B A VR I TS mARiC O], BN, SR PC [11]. HFRHH
FANNEYBAESBE PRI IEA SRR ER 0°C (%) Rt —8, oM S EYE
Ky BEABRE I 013C (%0) 5 i, HLUn/KFEAN TR 22 67°C (%o) iR, UG, MR 57°C (%0) HAK[12]
[25] [26]. AHFFEH A K AR FIR G AR 2 AR s S o2 > DR > bz > o >
W, Atom%"°C AZE > R > M > 2 > ), HEFEBRREZQ2014) 1%,

FIFEVIA R A B &SR TG I AR R A 257 . Ehnidid fEd, AR KGR
Atom%"C #B 2 e T 5 B AR, (5 % ZE R Atom%°C B4k 4R ], W HAE 25 Atom%"C ZR#i T,
A ZE Atom%"C S THE Ja B B3I Atom%"*C JE K5 THR, KEM Atom%"C iZ#iTH
KREPRICER AR PC FRERBG AR, 250t PC EERHTFK[19]. KRR Eig At R
(21.7%~52.7%), TE3 IHL R 3870 L EL A5 K KPR (7.50%~8.90%) [5]. ZKAEHE L3064 PC iR
HA < SYBEM < WHAEHA, AT AN N, REARR6] [18]. T KMEARbRIC S /LB L4 BC
K IR PC [ S SR RO K, TAF] 80.01%, Bl TR, AN BIHL R A 1
BB LB RSSRAR D[ 10] [11]0 /N3 PC R ERBERA . FAE 3 32 B2 ) ZEFT AN 0 T, JBESIR 309 00 3= 2 g
FPRLAMEC[9] [20] [21]. TREARICREIBIN, EACKE M 135 PC Bt LBz ST BRI, Hh R 3840 & i 7t
Fi[22]0 MARMOE &4 E o C MBI A £ B E BT, RS EA R T, Atom%"”C KECEHLH
AR ROR, — AR RN, R BFE T, SE A AR S R S, BB
THEAEK, —FEE RGN 2 ik s e 3w, SIEEY A1 i 7B
JE 241, £17650%(2016) [27]38 5% 7 B AMIAC 1 PC AR 5t 8 IR [FZE K D6 & 7 M 7E R R 2 B
Z B T AAE 2 57 A A A 7= e 25 b (3 0 ) B K, T A 4K 00 D S s A o g 386
ERL N

MUER L, YOS C R, FR Ry AT, BEEE . A BRI A AR AR
FEYsE, A, IEZHYIE K A RIBIEE. iR K 3790 CO, IREZ) 1 Z41[24] [28]. Vogel Z£[29]
(O AR 1T TR R AR, AR e A B n . 7 it A AR AR B 3 R 1Ok AR e PC HE K& P
IR 3 h L b, ARk P RS AR EE S 3[5] [11] [24]. PC ARic Mt i CO, £ 46 4k
90 d I 0"3C M HO R BN 43 LE 20 39 8 25(65.53%) > HR(27.39%) > H(18.05%), 120 d I A5k
(145.04%) > H(143.56%) > H3(49.96%) > Z5(43.26%). KK CO, IRE M1, H5a T Mkc K6 A REST,
BN T e AP SR E LR [27]. B PC FRCIEEIRE PC briC IR R, AT R A
KR, FARHIINEIRBEI AT, SRR AT I ARAC IR ) RN ECRE I 8], 76 5 2 S0 A (5 0 N IE BE 3 H 1,
PAFT T LA KL
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5. &t

BCO, Bkt bricik i f 47, dd R Rif. it lURkbric, B ERE 6°C Ha R
—16.43%0f1-28.33%038 N E] 1185.62%0F1 1311.82%0; Atom%'"C 437l Eb A bric TR A Ak G AE bk v
1.198 {551 1.34 £, B3R . ZERIH ) Atom%"°C ELARFRCHIIN T 1.03. 1.78 1 0.91 f%, KGR,
ZERIHY) Atom%"C HEARARICHIIN T 1.20. 2.19 1 2.99 %,

MITHORE AR SRR DA K % 28 5 Atom%"C Al ELARAR GRS INGE BORE, KERo CR M iR
MR E B . B # S8 Atom% " C BEARICELCE B DI, BEHAARFE . ZF bR 25
IR E K28 E 2 MARC R 25, H AR B A FAR I AR LR R AR ], o] 4 gk
A B ST SR R G R AR & AR id i RSO AR, DUk B R ARl B 1.
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