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Abstract: [Objective] A laboratory incubation was conducted to study the transport characteristics of soil native carbon (Cy)
and straw-derived carbon (Cy,) after adding wheat straw and nitrogen fertilizer in black soil and cinnamon soil. [ Method]
There are four treatments: Control (soil only, no straw or nitrogen added), N (soil with nitrogen fertilization, 170 kg-hm™), R
(soil with straw addition, 8 580 kg-hm™), RN (soil with nitrogen fertilizer 170 kg-hm and straw addition 8 580 kg-hm™).
The wheat straw used was isotope *3C labeled. Soil samples were collected and fractionated into three different soil organic
carbon fractions (light fraction-LF, occluded particulate organic carbon-OPOC, heavy fraction-HF) at 0, 180, 300 days.
[Result] The results showed that the soil incubation was a carbon loss process of soil carbon mineralization. Nitrogen
fertilization showed an inhibitory effect on carbon mineralization in both soils, and the effect in cinnamon soil was more

significant in straw-added treatments compared to no straw-added treatments. The percentages of C loss in the two soils
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were ranked as HF>OPOC>LF. Straw application increased the percentage of C, loss in HF from 2.83% to 5.53% (P<0.05)
in black soil and decreased the percentage of C; loss in OPOC from 1.86% to 0.82% (P<0.01) in cinnamon soil. Importantly,
the Cg in LF was gradually transferred to OPOC and HF, and the transfer became slower after 180 days. By the end of
incubation (300 days), the total residual rate of Cg, in cinnamon soil showed no significant difference compared to that in
black soil. The residual rate of Cy, in LF was 4.98%-8.52% in cinnamon soil and was significantly higher than that in black
soil (1.71%-2.47%). Compared to R treatment, RN treatment almost doubled the residual rate of Cg, in LF of cinnamon soil.
[ Conclusion] The HF was the main source of C loss. Nitrogen fertilization inhibited carbon mineralization in the two
soils. Straw addition exhibited a positive priming effect on the carbon mineralization of HF in black soil and an inhibitory
effect on the mineralization of OPOC in cinnamon soil. The degradation degree of LF-Cg, in cinnamon soil was lower than
that in black soil and could be limited by nitrogen application.
Key words: Carbon mineralization; Residual rate of straw carbon; Soil native carbon; Occluded particulate organic carbon;
Heavy fraction
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¥k 238 g-kgto B SRAEHIAG E 10 4E LA I K INE —E RGBS, 4R FR K 650 mm,
PR 13.7°C, LI pH A 7.6, HIEENIRS® 11.8 g-kg™, BEARLL 101, HIEFUR4R: Bk
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st B, SRR HESA S BTN, B IEE AR (CO SRS N 0.12 g-kg™
1.85 g-kg?t. 23.8 g-kg™t, #4519 0.28 g-kg™t. 2.36 g-kgt. 9.16 g-kgt. LRET 2018 4F 6
T oK 2 R SRAE, KRR 0~20 cm, Eif% 3~4 cm, #F/RREHIISZ SURAE, JRATE HARRKT,
WEEEE 2 mm i, =B ASRAT
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FHEE6C.
1.6 TIEFEBWK (C) MEARSHEMIFEMKR (Cy) KERMTE

http://pedologica.issas.ac.cn



+ o R
Acta Pedologica Sinica

THIEFEB (Co) MRRIFMLEFE 300 d 51537 0 d ML, CoHIBiAE SR RaT HiEhE
ERMES . TS AS Co & RIS Y LR 5 41 4 LR o AT T 5
3R PAREFTUEMERR (Co) IR BT (mg-kg™:
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A, SOC AHIEH A HIIBAHER S E, g-kg™s 8" Comp JIMIAEFFALEE (K -+ 3RE Fh 81°C 1H, %os
8 Cra ARG IIFEFTALFR (LB §°C 1, %0s 8"°Cow I/NEREFTIN 5°C5 %oo
TR CIRE (%):
Cstii2k® =] (SOCy- Csyo) - (SOCsp0- Csrano) 1/ SOCTX 100 (3)
A, SOC WHiFR 0 d W FAHSHHE S, g-kg™s Cao NHIFFE O d WIS Co i, kg™
SOCago 75 300 d I 413 HHLBR &, g-kg™s Casoo HHEFE 300 d I #4157 Cor &8, grkg™
SOCt M7l HHEH A I A &, g-kg™s
TIER A Co FRE R (%) ARFE 300d I, F2H 0 Coyp K155 5 o FTHEN B RS FEIR 1 5 A
& (CARAM M A LR E NSO TR ME oL,
1.7 BIESH
1E SAS9.2 Hlg CO, SRR FAEZe M [R1)H (PROC NLIND #HATHIZEHLG, FTfRSH&
ERS AR EHIT T 200, LERE (R/NEEZES LSD ¥): H Mixed %%r“sﬁii%W EESE/N
B 2H 3 w5 B B 2 it R S RS T 15 RIS RV R e AT 1 2 1k B o B 0 o B8 £ @ 5 Orrigiin 9.0
BAERL.

2 45 B

2.1 FRESTRRA 1L HOINEIRIN K2 CO, EFARRHAI N EEAE B S HUHE
23l 300 d HIREFRE, TRt ﬁtﬁﬁﬂﬁﬁ:ﬂ;&qﬂ MEFEFF YRS TR R P CO, 1) RALRR B A%
(P<0.05); it & miifbft, I R HEA K (B D, BEMXHR (CK) FljtE
FEFF (R) ALFELL CO, JE B B B & (CO,-C) 437y 0.88 il 1.74 g-kg™, Jiti &U{E 2 4353
FEAR T 12.5% (N F1 CK AHEL) #14.38% (RN A1 R #HEL); #tr CK F1 R 4bHE ) CO,-C B RREIK
BP9 0.84 1 1.73 g-kg™, MERUE 2 73 BIFEAK T 5.65% (N AT CK A L) #1 9.28% (RN H1 R A EL)
Jite ZE B B A PN AR A L (RS FTACBE R B 238 (P<0.05).
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b c
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KEFE Treatment ALEE Treatment

o
o

H: CK, HEiFRLHE: N, WZEACALEE: R, MEFREFFALE: RN, MEEAC+RSFFALE . Eh 8- FIE btk ARFEHMURE
— R IR AR AR EZ R (P<0.05) . F[A. Note: CK, soil only; N, soil with nitrogen fertilization; R, soil with straw
addition; RN, soil with nitrogen and straw addition. The data in the figure are means * standard deviation. Different letters represent
significant differences among different treatments within the same type of soil (P<0.05). The same below.
Bl 3Eapid B AN A AL B T R A e Y = b ik SR AR ik
Fig.1 Accumulation of CO, release in different treatments in black soil and cinnamon soil during incubation
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BRI, MBUIEXS L3 CO, RAVREBCEA IRH IS IIeHEE T, )5 W 3= 2R B 2%
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fEr (N-CK) fERFFRINHS 1~19d NIEAE, Pz EES) 3~12d NIE(E, (HAEZ SR FRERE
PR ZAE Y N TR . BT, DUARERUCEE CK AT R OVZ, %0 fB LA L CO;,
SRR A T € WML, 2 AW RONAE FEAS AT 26 N RDUO BN TR L, B2k
BUERFRIAT 100d, 2Rt 1Ee; ARASF &M P2 E TRt EREP, FULRm)
RONAE ARG A5 ARG AT AC PR AR Z2 e/, T4 v ) OSLAE RS AT 26 1F T RO R .
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¥ 0 100 200 300 100 200 300
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® E Kok x K R oy X *
32 > n x
& E-100f -100F  *
N m 1(N-CK) = * = 1(N-CK)
*
Lf £ * r(RN-R) % % r(RN-R)
]
£ *
& -150 - -150 X x
2 * X x
k=
& M+ Black soil # 1 Cinnamon soil

1 (N-CKO 2 4bBE N 5348 CK i) A0 B PRI E I Z M, r (RN-R) 24P RN 5403 R () A0 R PR R (K 2 (H
Gy AR TR R i ESCAE A TEREFT A6 T o TEARSAT 21 X AR SRRSO T AL IR AL . B A AN E R
fF#){H . Note: r(N-CK) is the difference of the cumulative CO, release between N treatment and Control, r(RN-R) is the difference of the
cumulative CO, release between RN and R treatments, which represent the inhibition effect of nitrogen application on the cumulative CO,
release under no straw application and straw application conditions, respectively, during incubation. Each point in the figure is the average
of four repetitions.
B2 it 0 S iR RARRER B A ] 250
Fig.2 Inhibition effect of nitrogen fertilization on dynamics of cumulative CO release

P I CO, MBS AL AT Ci= Cyp (18 Y +Cqy (1-e P USRI KA,
AR R IATE T e 1398 e R 70 TEPE (Cop) FAERIARE B LT B E (Cop)s PIHEZ
FRF L FEB AT B, 1 FLIE AT 15 AR R BR[O PR RE R (ke k) . BERIZAL (R D
SR, fETREFFIINN:, P0IBTS PERR % (Cop) RPN E L (0.14 g-kg™D (K T8+ (0.23 g-kg™s
IINRERT e, PR TR R . AT, B ERETERE (Chp) TGN T 4.19 %,
VR E (Cop) MEEIEIN (P<0.05), WEMERREFFMEER (k) BEFL (P<0.05), 18 1kHKERE
O (k) TREBM: MRSFF MR Cop TN T 2.43 £, H keps Cop TR M, (0
Fei T Ky (P<0.05). fERRL, A ke FEAFEREFTS6AF T 5 1 32.2% (N FI CKAHEL), fE)E
FEFT A6 N4 1 9.33% (RN AR AHEL); HEZENS Capn Cop F kep TLHEZE M. X TH#-LTE, 1E
HEREFFAME T, HEBUIEE Cape Cop ¥ — ERZREIN, L BAISIME T RN ALY (CotCep) fi

(P<0.05); iUt Kaps Kep 2270 5 35 BE L
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x1 A UHKRERET HREAEBMTIETELEB AR
Table 1 Comparison of mineralizable carbon pools and their decomposition rates in different treatments in two soils

R £ S b3 Cap Kap Cop Ksp Cap*Csp
Soil type Treatment  /(g-kg™) /d* I(g-kg™) 1(10%.dY) 1(9-kg™)
w4 CK 0.13+0.02b 0.1840.01b 1.15+0.14b 0.35+0.08a 1.28+0.15b
Black soil N 0.14+0.03b 023+0.02a 0.95+0.06b 0.38+0.04a 1.09+0.05b
R 0.7240.07a 0.07+£0.01d 143+0.11la 04720052 215+0.16a
RN 0.68+0.03a 0.08%0.0lc 145+021la 0432006a 213+0.24a
Wt CK 0.2240.02c 0.10£0.02a 1.26+0.19a 023+0.05b 1.48+0.22c
Cinnamon soil N 0.23+0.03c 0.11+00la 1.12+0.17a 025+0.07b 1.34+0.19c
R 0.82+0.04a 0.10%0.00a 143+0.12a 0.38%0.07a 2.25+0.10a

RN 073+0.04b 0.11£001a 120+01la 036+0.02a 1.93+0.15b
FE: RS HUEH 0~300 d 1) AT RBRIEIR A )T C=Cyp (1-0 7P ) +C, (107 WA GHE], /A4 ST gk
BRPE Cop (kg™ + ARRIFLTEHIENERTH LEREE Cyp (g-kg™ K8 BB ALIER kep (A7) + ke (0D o “CoptCsp” JITEAETT LK -
FHEMENN 4 MEEMERTIYE bR . DEAT AR KR LR F LR FFEREESR (P<0.05) . Note: The

parameters in the table are obtained by fitting the cumulative CO, release data of 0-300 days with the equation C=Cg, (1- & *®* ) +Cy, (1-¢

“spty | where C,, is the easily mineralized carbon pool, g-kg?, Cs, is the relatively stable carbon pool, g-kg™, ke, and ks are their
mineralization rates, respectively. “Ca,+Cg,” represent potentially mineralizable carbon. Each value in the table is the mean + standard
deviation of 4 repetitions. Different letters represent significant differences among different treatments within the same type of soil (P<0.05).
2.2 TIREANKEZ LB

PR IR R R AR T S LR S B (K] 3), BRFRGTRN, BRI AR AT AL (CK,
ND SHtASAT A (R, RND HLS AN S B S5 REIRAIURAIEL, ~F28 T BRIEE 73 3 9 7.31%A1 12.8%,
A2 10.3%A1 13.9%. B FREHN, R AR AT AL HL5 AN SRS AT AL B A 3 S A BB
FEET B, M A AT B 3B MUK S BN AL AT AL B SR T 5.35% (P<0.05),
YL 300 d IR, FEATASINNS # A BB RN AR R RO AN T2 . R HEAS AT S5 75, ZUIEXS
R 518 B A PR S BB

- M+ Black soil #t Cinnamon soil

— 14
o ek aa C_JCcK
> ESIN E=N
S30F a PZAR w72 R
0 EZRN 13 ESER RN
<r1:§
B c 28
= &
& g
226
%5
H 5
S 24
=
(s}
e
22

0 180
Al Time/d Al Time/d

e AR EMUERA A LI = RFE ). AR AP E R 2 2 7 (P<0.05) . Note: Different letters represent significant
differences among three sampling dates and different treatments (P<0.05).
3 BMOANE RSN
Fig.3 Dynamics of total soil organic carbon (SOC) content during incubation
2.3 HIEFEAK (C) MHMARMIBEITRMER (Cy) HEE
FEFFp LI, CoHURRRINHEINRKICHEHA . HESHS . BH R 2. R L,
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JEFE A E A Cs K i 2.83% /11 % 5.53% (P<0.05), St E A0 i/ g
R4, HESHSMEH C MR R L RELN ., EHtd, SAMFITAIAHLL, R
BN C R 1.86%ik/ D> % 0.82% (P<0.01), FH{EMIAAM FMEEL N CoikF
3.40%3 N % 8.70% (P<0.05); Jiti BUEIAEAMEREFT 26T TR 7 #8 LA BESH DT Cs KRR
(P<0.05).

EEFREEREY, Cy MR FEM MR HIEP I RIUNHREMRIK IO E S, B, 74,
B Coq B RRI AL (4.98%~852%) ZF & T BL (1.71%~2.47%) (P<0.05) (% 2),
&S B AR Co A RAEW A LIE L AT R EZR, T3 Cy S F N1 35.0%,
+ 317%, ZEHEERARE. ERIPHEIEX Cy 5 MNH IR RN E LW, it
AL Coy EERAL AP AR B I T 70.1% (P<0.05), it 4185 A 4100 Fl B4 G 35 Uil

R2 BFERMNEES D TIRFEARIIRKRFEFRMERIEE
Table 2  Soil native carbon (Cs) loss and straw-derived carbon (Cg) incorporation in soil carbon fractions

e TR e kR FEFTIR I BTk B 2R
+ g The percentage of C; loss/ % The residual rate of Ce/ %
Sotl type :Z:: 74 LF &4 OPOC EH HF B7H LF %4 OPOC HEH HF
Bt CK 0.26+0.06ab 1.7440.3% 2.4440.59b
Black soil N 0.19+0.03b 2.65+0.92a 3.22+1.24b
0.34+0.05a 1.65+0.33a 6.36+1.50a 2.47+0.74a 1582+1.20a  13.81+0.77a
RN 0.23+0.06ab 1.65+0.46a 4.69+1.93ab 1.714+0.83a 1631+1.08a  13.72+0.23a
#t CK 0.92+0.28a 2.41+0.36a 6.14+2.11ab
Cinnamon soil N 0.54+0.24a 1.30+0.16b 3.40+1.83b
0.87+0.16a 0.69+0.18¢ 7.99+0.55a 4.98+1.05b 1593+217a  13.32+0.88a
RN 0.77+0.14a 0.95-+0.05¢ 8.70+1.91a 8.52+2.18a 14.82+0.80a  1251+2.13a

E: RPBEANADSCRELR CFHEEIREE”  ARTFHRREMN RS HS KB WA R REER (P<0.05) .
Note: Each value in the table is the mean + standard deviation of 4 repetitions. Different letters represent significant differences among
different treatments within each SOC fraction for the same type of soil (P<0.05).
2.4 FEFRMRESETIREA D PRSI E

HIE 4 AT, E5RIFIANY, BAHT Coq SR M, EMESH S EREH TR D . B
72 180d J5, 7ER 4, B Cy & H 407 mg-kg™ B % 62.0 mg-kg™, 7E P A5 E 4 o 43 )
SPEHEIN T 134 mg-kg™ 1 87.0 mg-kg, ARAKIRFE A IR EE KT XL, IRRI AR A
Cor B i ¥ 397 mg-kg™ F4 2% 159 mg-kg™ (P<0.05), 7EF&EAFIE L S8, 4 58 m
T 69.0mg-kg™ A1 68.0mg-kg™. M 180d % 300d, Mt iR T Cy B EA FELFRRMIHAS, 7E
MBS ELF LR EL . MR B LS9 F ) Cy e TR EmW, HTRFFEY (300
d) fE—ERE ESIN T Cy fEM LR P 5L -

http://pedologica.issas.ac.cn



+ o R
Acta Pedologica Sinica

2+ Black soil #)+ Cinnamon soil

50, oa R o 500 g IR
5 ¥ 400 RN = £ 400 RN
123 23 j=2}
2 € a0 ? E 300
& B 200 f?‘é B 200 b be 4
€ 100 b b be ¢ L 100 rx_rj
0 —— 0
- 0 180 300 0 180 300
5 o L
F £ 300 a a 52 300 a
a a O S a
<:: £ R o o U R g a a ++
= S 200 & < 200 Lol
Ej\ o b b I:z (_)5 b b
@ & 100 T 100
= O M 8
— 8 0 F & 0
0 180 300 © 0 180 300
250 a 4 ~ 250
o a a 0
5 20 A e SR a 5 2 a
2 < 1s0f b O E 10l b :
& F 100 ﬁ F 100
L 50 L 50
T o0 T o
0 300 0 300

I |‘lﬂ1 §I’?me id ) |E|18T(:me /d
AN A B S 3 o 7] — B4 4 o B RS AR A Bk £ B AE AR AL B L AS[RIR AR 8] (0, 180, 300 d) 2[RI 7E 2. 35 22 5+ (P<0.05)
Note: Different letters represent significant differences of straw-derived carbon content among different treatments and different sampling
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