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Differences in Carbon Enrichment Efficiency Between C; and C, Crops
Based on **C Pulse Labeling
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Abstract: To investigate the differences in response and labeling efficiency of C; and C,crops to carbon isotope pulse
labeling, this experiment selected C; crops (rice and peanut) and C, crops (maize and sugarcane) as research subjects. A
total of five rounds of "*C pulse labeling were conducted in pot experiments to analyze the *C enrichment abundance,
fixation amount, and labeling efficiency of the crops, aiming to reveal the differences in carbon fixation and pulse la-
beling efficiency between C; and Cy crops. The results showed that under labeling treatment, the 6"°C values and isotope
abundance F values of C; and C, crops showed significant differences, following a consistent pattern: C; crops>C, crops.
The §"C values of the four crop types were as follows: rice (396.90%0—410.05%o)>peanut (269.51%0—364.66%o)>maize
(148.15%0—182.47%0)>sugarcane (152.50%0—153.91%o). Under non-labeled treatment, §"°C values were as follows: sug-
arcane (—15.63%o0 to —15.16%0)>maize (—18.25%0 to —16.52%o)>rice (—34.53%o0 to —33.82%o)=peanut (-35.41%0 to
—33.37%0). The "C fixation amount and labeling efficiency showed consistent trends, with no significant differences
between C; and C, crops. Among the four crops, peanut and sugarcane treatments were significantly higher than rice and
maize, and peanut was significantly higher than rice. Peanut had the highest labeling efficiency at 46.02%, followed by
sugarcane at 33.27%, and rice had the lowest at 24.55%. This study reveals the response differences of C; and C,4 crops
to "*C pulse labeling and provides important data support for the application of stable isotope techniques in crop carbon
labeling.
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JfRMT DS RGURAE I S R A A T B AR
Wi R LAY - TR G TR 55
b, MRRIRIX5) . EHEA P 5 XY - &R
ey Fe AT T AR At T R SR R BT, mkEf
FORERHR EEA O B AR TR AR AR IC A R
KU B AR R A SRFREE Y [l
O, AHAZBR T C3 Fl Cy H W EE 01°C AR (H AR
PG A (T8 B <2%o ), ME LS AT S s ) R
it sh 25005 Pkobdricismsd A TE % Pco,,
FHOROR S SR, SO T X AR 2 5 4
i 1 R A v A L

FERKMFRICAE T, FRICECE (labeling ef-
ficiency, En) JEPEAG PC ML -5 B BA% 0
febr, HEXRIGLHT B SIS R
R ET, B RS R, A A VR ISR
KL E BB AL R T30 B X AR ICR0CR = A
BEEEE, IRETSR A Peo, kibbric &
W, KNEEANFEEFTRYXT PCo, BFRLSR
FEAE S35 25 5%, BT U0 0 ik ) A o s ol A A0 v
25%; WERTH ZEUORF5e 20, C, Ry [ H AR
HH CO, WeablLbl, vREEA T & Ak R AL 3L
R, HH T Z R MR, C Ml Cy il
7 PC AR FY 2 S S HLH A B
UeAh, Muit R 2 E b TR YRR — Kk
BB e A O T T K RO A R4y
BeRFST, 2 tstm IS T 6RO A i A
B3 A A G i AR A W 7E M R AR 4 R i e
52 BE 1 MARICRCR L Z RGO, XHZ T8
YR ERAE AT A AT EE P

MAEAEVEFHLIESRE , Cs A (calvin fEHF )
Ml Cs #¥) (hatch-slack &4 ) RH CHE R 1L il
(rubisco 5 PEP &1L ) 35171 5 AL LI
fie2RP SEHAREE o°C MR E
I (Ca A —35%0~—22%0; Cati¥: —19%o~
~99%o ) U e MR I N 52l R R
(M F ST IR S T X F 25 52 0 ok 1 . X R 25 7 R
FIH SR L XA i IR AR 406 T 3R, (HA7EA
Tk ARIC AR, BIS I PC s &g
HWRE MR EGAEREES, Mz 20

1) S 3 I 3 o

T, AR Co/EY (B4, K
T ) M Co/EY (HmE. Ek), i 5 %% Pco,
FkepbRiCScEs, REGHE. (1) NEEWRKE
MUk & A pH 25 (2) ANFRIZREVEDFERE
R OPCAHA FIY2ESE; (3) bkopdric B [
7 X i MIBRICRCR Y 25 572 . AR5 B ML S
Wit P pkebbRicSCR M, A A
YIS B R bR IC SE 0 ARSI PR C,
Fl Cy HE B [ 5 TR 22 S 4R UL ) (37 28 )2 1 A 52
ISP

1 MB5AFE
1.1 ##

Bt R A T R A TR T 6 22 X R
7V A A DX AT R MR 2 B AR A B b (1 20°05'N,
110°32'E ), HIERAChfLe L, Bl 35 B
SRIT, RBRERA MAEY R, i 8 mm Fiiss H .
D - HESE Ak 3 Ak M T B A 0 DR T A 2 58 1
THGR G A2, UIHERR SR X EY A
i [ 5 S50CR PV AE S, DT PR E S5 22 08 I
FED R ZS EZETHA B4y febE 2z
S HHEEABALIER . pH M 6.30, 6°C 0N
—24.49%0, HHLT A E N 20.87 g/kg, HBASE
4 3.68 mg/kg, HMALMETEA 6.30 mg/kg, AL
PRl 53.61 mg/kg.

1.2 Hi&

1.2.1 XEt il DAaRk Xk T, gt
SN T T R T ) A DX BRGHT AR PR 2 Bt e 2 S5
KN, AR5 R D 28 °C, P SAAHRHE
JEN 75%. FPHIEE] S 2024 4F 4—7 A, EECE
K (HERE 320), HE (BT, f4E (&
111 5) FMUKRE (6 15 5 ) 4 FifEY, AEf
YEYIE 16 4, Hoh 8 Ak friknpbric, 7 8 &4k
FyXFRE, St 64 4, bric gl S X RE A A R AR R AR
20 m L b, DIGBEGRARIC LN W BR2H 612 C {7 A 5%
e o R SR 4 — AR 1 3R R R G (B AR
JEEB E AR x =27 cmx22 cmx29.5 cm ), 7% A
it 8 mm G i AL 3 16 kg, & FhAGT XS Tk
ATUNF AL . KAEF R AR AR (50 Cili
7K 30 min, FfJ5 AR RK IR 24 h) DU
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FIEARIRIT T Tk . B4R 0.5% K iR
VAW RTINS TE 10 min, FS 2B F/KIE i
Ve HRER M@, MEBA 2~3 METE
WEZE . BRAKAE . HRESL, JARPEYAR FH E X
%, WEREF 6 BiFh 7, FEAREL 3 em, 4
B 3 FEME, BEEEEAE 4 HREKH—
Hryfat g, KFENEEFHETEY, 2
AR, SRR -E B B AR A, R
MFa g HREAARE 2 IR (AF 4~6
A ), TR 4 RRMEOH . AR A 1%
5 R, R AR 30 ¢ FI N-P-K &
A (15-15-20) 50 g, LABAPRFE L0 78 /2 H 3
51 TAEMIAE KIS 15, 30, 45, 60 KA T
BAE, R AEMIKE S g MEARES g, it
Je S B GEE E K, DR AR AR A A, A 3 d
FEATHEAK 1 UKk, il RS K B AR H AR
) 70%7 47 o IKAEFE ST BERTIAPREE 3~5 em &K
2, SrBEE T IRk R BRVERE , LA 1K
ST JE o AT PC Bk bric it 24 h, HETK)Z,
ff AL TR AR BUKAIRZS , Fric 4 o a7 B
PR A BRI . PAEMEY (FoK ., (e, HEE)
Sk B WIEAE 3R 70% 8] 5K B p I, SR
WRVEM . BN TIRBRZ N5, LI ORIED
Tose gt o BRI A ) oK & A ™ F s U
WA AR 25, S0 3 2 2% By U SRS Tt E A T4
PTG . Bkt 90 d. IRILERE, Xk
FRic S hRic Ab B AR R SEAT I IRRE IR 4
AR, KTEARE . MR, ot 2 mm &
BORRIAREE SN E pH FIAHLER S &, Sk
FRFEh IS 60 Hf, FHTFMIE 0°C H.

1.2.2  BRAAFIE ARSI T 2024 4E 5 A%
G2y 20d, K. EAEMSZ 30cm, HES
TR E 2 60 om ) FFURIEAT Mk b bRic, fRR
15~20 d #E47 1 48 PC Iz Z krbtsic, Hsid s
o ABRICHIEAT IR hbRIC, X R ZH 4% 5 A
ARPATARC . MBI AFRIC S — S Enl $5, A
YEDITEfRIC A R Y B AR K AR T o Anid ik
ST WS D o ARie e 2 i RO 58 1 A8
WIEAT o FRICARIAS S K x 58 x H=150 cmx80 cmx
120 cm, ALK, BLA 2 DAFEK/DIE
JAE ( DAAE AR AR RG50S T LR ). A T00P A 2225 /)N
YRS AR TR N 28 SO ;A OICE R T 2
VK DL GEFRR EETE 28~37 'C; TRER 4 P/NLAEE
A8 2 MR 5 ARic T B RS 08: 00—

11: 00 F1 13: 00—17: 00 #kfT, Fric3E & A 1
FiRe PRt BT (1) FERE T 4b,
A 8 FhRiC AL RR Sy ok, IFCE 4 A
500 mL BebR, Hip 2 MR IIA 2 g Na,*CO;
(BC F£EH 99%), B 2 MEHRZMA 5g
Na,'’COs; (2) HhricHiE TIRE L, TIRMN
K E S, s R, LEAERRTERE N IEE A AE
FH 15 min, DUEREXT 2CO, MWL, (3) FRidHF
URAT, PR S AR ICAE , A AR A ) —
AN BEA Nap COs [B#HR A 200 mL 2 mol/L HCI
W, OB S min R RBA, LEAEMRAERS P
TCE1EM; (4) Frid | h JGEELIE (3), [
F— A Na,"COs BIBF A HCL; 5 1) 2
ANEA Nay2COs BIBEAR H A HCL L 2 12CO0,,
WG AEYIE bR T R R R COy A T S Y6 A4
s (5) pridid B R 4.5 h, fricgi R g, BUF
Froc A, 38 RS R AR A o

1 AEFEEDER °C BohiricE
Fig. 1 Pulse labeling of '*C in plants of
different crop species

1.2.3 w3k 3 pH REBAENZE (K
1 2.5 0 1), KR pH it ( Mettler Toledo
FE20 ) & FiHW . T3 HLBH BB i e ik -
MR E , PRk, el R 1.724
TR BUSCAECR T 0%, THERER T 2 Wl
V5 R ATl FH B R SV AR IR B8 — BR AT b (i D
AL FH R ERH — MG E . MRk pH
(R0 5 SR FHZK R4 — Hiik (KB 25 0 1), HH
PRA LR & B2 0 FH TR 40 B — FaE [ R R
WK A48 ( Elementar / precisION ) il %, il it
BRBEEALAE B CO, IFHEAT BTk 2, LA VPDB 43
WS, BT IEY 3 IRER, bR
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Yy AT 0 s A

- BE R RRAE S 0P CE L T E AT -
E R 2 R I 248 (NexION 5000G,
Elementar / precislON, PerkinElmer, USA ) I %E ,
MEALBRAT . (1) FESRTALEE . FEAREE S .
%, T 105 CA7 30 min, 60 CHETRIEE, W
ik 60 HIf, FREC 0.5 mg B4 FHH (tin
capsule ) W1, LHERES . KT, BIBRZ, WFEE
i 100 Hif, R 1 mol/L EhEAL3 L) F= R ICHL
e, MEBTFRKEEEFME, 60 CHET 5 FREL
0.5 mg 2 FTEM; (2) WA S ihaifk: ¥
BB HAE T B FIOC R AT (EA) H BhilEHERS .
FESTE B IRIRBEAS ( =1000 °C ) il A4l A S
TR, W COo, [k, RIRIRG YRR
WL B AE Ay B alifl, RIS ELEE CO,. (3) [
KM E . itk Co, [k 1 5 AR E R
PR R (IRMS ), fEE THHF, CO, 4
FRHBERE TR, Ko EiE, [FeHKN R
BHCH 44 (1°C'*0'°0), 45 (Pc'°0'0) Fi 46
(C'®0"0) WyE TR, T P/ .,
(4) oVC A ShRuER M. MESLEHELL 6°C (4
(%0 ) Fms, HEARXIL (1), £ 10 MESRFHA
— P ES Y (U USGS40., TAEA-C6) i
IS FmWys. (5) FeEsshl. BAFRE
SME 3 WK, AHXHARIER 2 (RSD ) 45 7E+0.3%o0
PAPN o JEHLAR 25 BR AL 38 o Bk R £ Fs o & S0 00E o

124 ##®4H MBS LR ARFEEN
FiErS (%0 ) THFE/N, ﬁfr%é&ﬁﬂn?“”%
513C:MX 1000%0 (1)
PDB

o, R IREREY PC/C {H; Reps="C/"Cpps, H
0.011237 2,
Pkt icE RN R F R F (%) 2R,
F (%) 15 °C (%) ML T,
~ (81 C+1000) x Rppp
~(83C+1000)x Rppg+1000
PR R C R AR T,

F-F
13C=C><—(
100

x100% (2)

Ck)xlOOO (3)

C=mxC, (4)
s, BCMibkR PC i (mg); C WbkkmR
i (g); FAFRCH PC FB; Fo MARRCY
BC FSE; m MR TR (g), C, MR

A PR S (% )o
PRSI K bR IC R B AR IC R (En )
Fon, WERAKXWE:

13

E,,=——x100% (5)

at

R, Cu MBS IMBIFRICA PG PC i, 1g Na,CO;
(BCFEHN 99%) & PC i 0.12 g, AKE
TREY LT 10 gNay”Co; (PC FEEH
99% ), K CufEIL N 1.2 g

1.3 HELE

i i} Microsoft Excel fil IBM SPSS Statistics

27 BAF#ET ARSI 5 08, R Origin 2021
B2 A

2 HRE5HW
2.1 BHHRIE TAREBEMEKRENRS E
4 FYEPIMEMEA ML & EEANIE 2 PR, Kbr
I SPRICAR TR, 4 FPEY B HLIKR & 2T
EES; 4 FEYR, RAERHEES ERNAE L
T & T AFAE 2 22 S, HAAE AR A] 0 G 2 3 25 5+
KT, HEEAPUR S EiE (41.10% ),
FORFAK (38.71% ); Anicb3 T, fEEA LR &
Him (41.52% ), EKREAL (3584%); C3 5
Ca YEPIHERE A WLRK & 22 A B3

I —
- 60LF ns I:Hffmﬂ
% I C#sic
5 |
g S0+ A AB | A B
o a !
2 40} 2 _’f__%_ | 2 2 _%_%
2 :
§ 301 |
5 |
og 20 - :
%ﬂ |

|
= 10+ |

|
.}@: I

0 1
H: IKFE HEE  EX
G C,
YE#) Crop

A/ NG TR R IR [ — E YA R AL BER] 22 5 8.3 (P<0.05), A
FIRE FRER R AR Z R R FH (P<0.05),
ns i'%/j? Cs\ C4 4@%[51%:%K W/%o
Different lowercase letters indicate significant difference between
different treatments of the same crop (P<0.05), different capital
letters indicate significant difference between different crops
(P<0.05), ns indicates no significant difference between
C; and C,4 crops.

B2 AEMEEMEKREIRSE

Fig. 2 Organic carbon content of different crop plants
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2.2 BRmiRIE TARMEMERRE pH

4 FYEYIRE MR pH Q0E 3 BT, JKFE . Bk
FORFIH BEERRICACFEZE pH AT X W K An
AL BRALRE R, 70 IR 33.23% . 10.67% . 6.48%
M 4.76%, TEARMRCABA T, 64 pH i, A
6.65; EKIAK, N 5.66, TEFRICALIRLA T, 4£
Adim, A 5.94, KRESAR, N 432, 4 FEY
Mtk ZH pH fAEREESR, A RERT/KE
FEARAEIE ; C3 F CoAEWIHERRA] pH 22 A B35

10

R ; CIsktwic
I Cvmie
I
8 A B !
a AB B
6 {T b = : 2 a
- ] LT b
ol |
b I
4+ I
I
l
2F |
I
|
0 1
e KFE HHE E¥/S
Cs C,
YE¥) Crop

ARG SE b R R R —VE WA [F) 2b B8] 22 57 . % ( P<0.05),
ARG F BE KR A FVE Y 18] 22 57 .25 (P<0.05),
ns ®7R8 Cs. CoEMRIZEFARE .

Different lowercase letters indicate significant difference between
different treatments of the same crop (P<0.05), different capital
letters indicate significant difference between different crops
(P<0.05), ns indicates no significant difference
between C; and C, crops.

B3 AEFMEEMER pH
Fig. 3 pH values of different types of crop plants

2.3 BRHARIE T AR REUEM KA 0°C &

4 FYERIRIRRIY o C (HINIE 4 R, 164k,
JKFE . HEER B RbRICRIMRRY 07C (i Em TR
FRICAE R, 43 913940 987.84% .1280.67%.1095.15%
M 1032.31%. RFRCALFET, HEER 0°C (i,
H—-15.40%0, HIKZEK, H-17.43%0, LA 7K,
N-34.19%0, 4 FEYIHIME 0°C AR EZES
PRCAREE R, JKFE 01°C HEE, N 403.47%0, &
i T A AR, GRS 303.55%0;
HRER F KRB AR, 510 162.53%0F1 153.22%o,
BEMTAEAE KRS Cs MEYIHERRAY 0C (i B
EET CaEW (P<0.001 ),

600 - .
il CIR4miE
1 —
s00L | Ctwie

I
I
400 | ECR
3\5 Ba :
2 300} |
[ |
Q |

% 200 - : Ca Ca
o |
O 100} |
o |
0 }
T L] !

Cb Cb | Ab Bb
-100 -
piast KA HRE EP'N
Cs C,
YE¥) Crop

NE/NG FAERR R —EP A AL B A 22 7 3 ( P<0.05), A
FRE FHRAAREEYE 225 8% (P<0.05); ***F£mxw Cs.
Co VEWIH] 22 50 0. 3% ( P<0.001 ),

Different lowercase letters indicate significant difference between
different treatments of the same crop (P<0.05), different capital
letters indicate significant difference between different crops
(P<0.05). *** indicates extremely significant difference between
C; and C,4 crops (P<0.001).

4 FREFEIEMEHk 0°C1E
Fig. 4 6'"°C values of different types of crop plants

2.4 BKMERIE TAREBEMRRAEFEF)
4 FfEY A bR [ R £ FIF="i(Pe
POV anE 5 BT, B KRR . HRERLE KARIC
FEAR A9 (R 67 22 5 B I 25 8 T R AR 1O bR, 43
ST 34.46% . 44.61%. 16.91%F1 18.08%; A
PRid b BT, HEMRNMZEE RS, N
1.0943%; HkZEET K, H 1.0921%; 64 FIAKFE
A%, o 1.0736%. 4 FIVEPHEIE R0 R 3 B A7 A
BEEF ., PG, KRR R R EE
s, M 1.5526%, W TR AR H
YR b, 1.4436%, T RFH RERAL, 2051
1 1.2895%F1 1.2793%, 349 5 ZA% T 464 FK A5 .
C; fEHtk R R FEER B E ST C EY
( P<0.001 ),
25 RHHRE TAREEEMEKREER "CE
R 1L P AR AR IC A N PCo, 1k
AR EE TR, FERR PC FoR. 4
FVEIAE R PC B UNIEL 6 T, 4 i VEYIAE bk
dr, EAEFEER PC RRZ, N 552.18 mg, W
B T HARAE R (P<0.05); HWEHE, EEs>
399.19 mg, W TAKFAIEK ; ZKFSFN K i
E BC R, 4381 294.60 mg 1 301.86 mg.
Cs 5 CuEWNEIY PC FERTTREELES,
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M Fokok —
— 1 Khwid
16 ! [ #5ig
B Aa !
L3S
Ba :
S + |
2 14 :
4 | Ca
|
E : Ca
k.‘ |
120 :
|
Cb Cb | Ab Bb
oL T
A K7 HE EX
(&
YE¥) Crop

AN b R [R]— VR AS ) 2b B 8] 22 57 . %5 ( P<0.05),
ARG B R - A R R 22 5 3% (P<0.05),
RN Coy CAAEMIEI2E AR B3 (P<0.001 ),
Different lowercase letters indicate significant difference between
different treatments of the same crop (P<0.05), different capital
letters indicate significant difference between different crops

(P<0.05). *** indicates extremely significant difference between
C; and C, crops (P<0.001).

5 AEFEIEMEK FE
Fig. 5 F-values of different types of crop plants

i )

o0
(=3
(=)

b0
E
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g |
5 4 I
E 6001 | |
] l [
=] |
b5t ! B
X 400 |
L‘G | C
& (T: ! T
s ] :
# 200} |
i I
O |
2 I

0 |

pit KRG HE EX
C C
3 YE¥) Crop ¢

AIFNE PR R —VE AN R AL BR TR 25 5 . % ( P<0.05),
ARG 5 RR A FEY R 2 5 23 (P<0.05),
ns FR Cs. Cy VE%E%EKEA%O

Different lowercase letters indicate significant difference between

different treatments of the same crop (P<0.05), different capital

letters indicate significant difference between different crops
(P<0.05), ns indicates no significant difference
between C; and C,4 crops.

B 6 AEFMEEWEKREE °C
Fig. 6 Fixed "*C in different types of crop plants

2.6 BkMERIE T AR EBIEM BRI FRIE
£ (Ey)

FRCEMEYIR PC B SR ARIC I A F)
FRICATNGE BC BB ILEARCNFRCACR, FRid
I A BIFRICAT N PC B 10 g NayPCo; (PC

FRE R 99% ), Bk PC MR 1.2 g. 4 FiEYHE
BRIGPRICECR A 7 FiR, 4 FYEY R P 1EA:
FRicRR e m, H 46.02%, 3 THAMAE R
HUORHRERIE, ARICFCR K 33.27%, BEET
JKAEFERAERE (P<0.05); /KFE AN E KRB bR ICRL
RIRAL, 43900 24.55%F 25.16%. C3 5 C,1EY)
FIFRIERCR ZE AR

ns

|

60| |

A |

|

| |

J |

S 0l || |

53] | B

8 |
® c | [
i) b I T
i : I t

= 20+ |

|

|

|

|

0 I

yidesy IKFE HiE B
Gy
YE#5 Crop

ANF NG FRER IR [F] —VEW AN R AL 3R] 22 5 8. % ( P<0.05 ),
ARG F i RR A FEY I 22 5 B3 (P<0.05),
ns i'%/j? Cs\ C4 4@%@2’%%K W/%o

Different lowercase letters indicate significant difference between

different treatments of the same crop (P<0.05), different capital

letters indicate significant difference between different crops
(P<0.05), ns indicates no significant difference
between C; and Cy4 crops.

B 7 AREMEEMERIREE
Fig. 7 Labeling efficiency of different types of crop plants
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3.1 AREXEEMHALEFERRMLEES

2

Kt

A FE bR ic Ak BRS A AR A B 5 i S AR R
pH HBURFEFEE FHE, %5 BADECK %A
GESSLER “PHmsy i R —8, X —HE g
St tkix R R Az B4, Ak [ 32 2]
A, LA SR AR AR ARG ST il & A= el 7 2% DDA
e B ERM , FE CcoL PCo, Hi# CO,)
BT ARG CO, VRS BE, 38 5 S i5t i
THLRIN RS FEALP, eah, iR KA
W RE B AN, AR AT BE I R A U K SR R S
PERR KL A, T i A MUK R T RET bk
M2 pH T FEAR VT g5 A HLIR Qg 5 5 B+ 4h
HEDLHI TG A7 0 . e AZ BRAFAE T, —RIR
TEH (TCA) Hrp =R, FECERmR . 7
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BRRSA WU ST, IR, o dERRamn i By
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