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O T WM S R EE AR L R MR LR . BT LR 15 a (20072022 55D HHESFR4
A K MR TT BT, KIE A8 7 Ak I ) BRBHE B BB (RSP AN IE - E R RP-S, rotate plow
without straw return) Fl i = HHEE B (FEFTIE H+-RFIHE DP+S, deep plow with straw return) 2 AT ALE, Bl ST
MR (CKD . KRR (COND) FRILHEIE (OPT) 3 ANEIALEE, kit 6 MbEL, F 20224 10 H, REEE
(0~20 cm) LIEFES, AT HHEE U SIS R & S R IR P R AL, R E NI, W R LR
WA, FIH—%sh %0 BRA T3 a MU T (e B AAR R, N 450 7 FE B AL R R K A R E LS
FROEEEH T, LA AL RE. 2FRREIEA Y, 7E RP-S %M F, C/N(SOC and TN ratio) &7k 2 & T
Fe#a®h, 76 DP+S &M F, CON BRZEREEBA . BiTEH AP EERE T LIS AR a s & &
(P<0.05), HWFEEEHIRE (CPMI, carbon pool management index) #&F+.3 (P<0.05). S5AKIWHACHLL, fitbitin
AL R A AR S & 12.35%. 7E DP+S & T, ALl 2R & T RE S A E N (ROC, readily
oxiedozable carbon) 5 CPMI. %AbHE AN ALIERIITE | d B BIERK, ME 1~10dRE TR, 10d 5EIE %
HERTE, AR R R (r) 200500 5B, AN FAE IR (R & — Rl A REFE
HHRRIR R E R m T BB R QBIEATT (hES T 8E MR LA 23.59%, AR AT DL 3 PR RAA fh &
22.12%. TIRAEHRA L ERE (C) 5HIFH YK (SOC, soil organic carbon) « T 3FE 7% PRy 28 73 A1+ 338 /26 5 B 4R
¥ BAREE EA SRR R (P<0.01), HHIEEETTIANE (C) EREFHIEMKKR (P<0.05), S FELEEIRE,
HHEE . MAEYWH (MBC, microbial biomass carbon) A1 ROC & 540 384 HURR & 5% e /1 M E B e S B4R, BF
A 55t A A 2 T 3 5t T 3 LB BTG VA A IR e, (R BR R e R WL R L R 70, RS A E mae . K
FEFTFIRBIHEIE B 45 5 A it B R T i L3 E iR ae 71, R HEAR H SR B s S nT RESEFI A
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%18 3 Tt A IR AT IRBHIE K 5% 20 BN A WL (L5 71

REME AR THARS AT I H A s 77 LIU SO0 3 3 ot i FF
FH 1 [ A RCR B AT SRR AR, RS FTIE Hn] DL 35 4%
e A MUK s AU S &, (HSZHHE s B 5 =K
BRI ik 2 ) i R B 45 SRR AR . BHE T
A FIEANI AR EEN R R —, AFEB
VR IR BE T 4 2 ik B 6 0 338 Bk P A A 38 6 1) R T 7 B AN
R, AR B, R RS 3B AR P 1
Ji i, WAMTIN, FEFFUREIE HORRZ T IR A
Ui, B T IR E R, PAUSTIAN 25U oy 0,
1E 0~30 cm#t 2 TR LA MLk g 3G 0 0.4%, A
R A LAV b E. FEAEH &5 m L 5E
TR A B B R 72—, i AR 2 o8 4 3 5% IR e FE
£ TIEEE AN S R, e AR i R,
FMEIIRT 25 a K E A AR RIG B, 15 H it e
e EEA VLA R, BRIKRBE, $EE b ae
1. MAHF RN, iR AL s A YRR B AE A
AR, $em e LI AR e e Y o ] Bk R
HETT 20 2 4 e LB A AL R, T s AR T (R
FININA, it Il 2 PR - R [ ik e /. BEAh,
Jote JIE XSS A 3 B T e i R A R e, RE A IS &
iR C/N THm, B 51 IR A SUE A m s,
Peoe B E R, REFT IO Pt IR BE 4R vy 38 4]
R E AU R SR b g IR, A
AN AR A MR 8 v ) Vi S T e ARG R 1, A
FF3 H 55 it AR 338 A AL G 1E 22 BAEF

PR R ENER R EE X 2 —,
TR MR X RR T MY —, EoAmZ.
B R HARSFT R+ E B0, s iz X I )
FERETT A, KIEREH S SEEERE . LEED
BRI, 2 T %X IR R B B S,
FEFFRBE H R K R AR PR EE . ot g,
Pt TR N AR, FE RIS B TR R 2 1Y
MH, i HRRE TIRERAE TR, (21 7 HIER
HLEK P 58, TR B &5 & it JE X R 25 s 1 L EE Hl
BRI AL BE A7), L6 ) IR S Ak T i N 5 % L 7 0B B )
T, R S5 ALK 1) ] B 5 LA 0 A8 HL RS R = R
ANWFF . Nk, AW R MR+ (& hE-E
FOKREAE) AR, Kt “BHESF Bl K

W AR (2007—2022 ), KA ZE AN HEEE 777
%, BERRSATE HA K A R BHE 598 0 B R &
A N R L RRAE & E R m K&, DUPR AN+
BN A SRR MU, S b - 455 R [ o 3 =
S R

1 MR5RE

1.1 R IEHAETR

BHE 5 77 2 8 BEASE 30K s A7 i 36 47 -7 b 44 i &
B KAT W ZR BT P R () SRR A . R BRI A 1
T2 KRS EX, WARER, FEKE
5562 mm, PSR 13.1 °C, Pk R AKX NE-H
TR, HEal LR AU g R L, IE P E RO R
S SR uE (36°51'N, 115°01'E) .
1.2 R

Bt | B S 7R o A B K e AT R R
I B BT 2007 4F, #ik 2022 4E T 15 a0 W56
HEIE N &N/ E FOKEeAE, RAEX ®t: FAbE
N RESIEIHERE B (REFFAE B+ ek RP-S,
rotate plow without straw return) 1 5 7= #f 1F & 2 5 X
CREFFIE A B HE DP+S, deep plow with straw return) .
R ACEE Ay 3 Fh IR B, 4 A A it AT X
(CK). REIHEAE (CON) FMEALHEAE (OPT), 2007
FER 2010 4F, ARSI ARAR B 2 oo R P R A R R
it B R AR e R ) B SR A e, B AR 43 i BB DA
K B T %% AR AT AR AL FE AR SR VR B br s B e
RiEEE, AN
Jiti % (kg /hm?) = (TEY) B 7 5 5 o WL HE X

H br s i — I ) /(IR % 5 2 B x IEVRLR 2R

D

KA “EE R ke IR &, Ed s
F IR W0 T 0 3R A AT AT MR A, A A R A
[ ERFELE— B VG Y

BB N R & (N 46%) « i BEFR4AS (& PO
16%) FIERERER (& K,0 50%) , B8 AL 4= — bk
Jith, ZAEERILAL, 3850 T R KRB/ 4R 4
HWliEN . FAMEEE 4 RESE, JE24 AVPNX, /PXTHIFR 10 mx
5m=50 m*. HAHHEEH GRS FEWE 1. £ 2 P,

£1 FREEZABHIHESEER

Table 1 Tillage management in different main treatments

EHHEA AN R E/SrE FoKEEE BHER HHER B FEFT Ab 3
Management Wheat variety Maize variety Maize plantation density/(1 000 #%-hm?) Tillage method Tillage depth/cm ~ Straw treatment
FEFFAIE H R TEHE (DP+S) fi% 15 2K 335 75 TR 30 FEFTIE H
FEATIE IR (RP-S) i 6172 B 958 60 R 15 FHAEH

1.3 TIEHMRE

4R T 2008, 2015, 2022 4F 10 H E ok
JE TR . B/NMXCR LA B, R4 0~20 cm +
B, LBIEMRAN A% WY, BT,
HEARKT G, o2 mm e, AT HEANR. &
REEFRAL MR O 5, 2022 454 I, A DY 2392
OPRS R NFIY, — T A VUK. SRH

BUBR S L3 B A B IR I I e J AR IR B 77 T —
P28 N BB VKA AR IR AR POy Bl 20 &, AT 4 °C oK
Far, FERPUH T RS E R A A HLBRIIE .
1.4 IIEERINE

MEIEHHLK (TOC, total organic carbon) K H
B A A AN I BRI e, R IE A (TN, total
nitrogen) KL E Bk E ™ LAy
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% (MBC, microbial biomass carbon) ¥ F &1/ B& 2812 2
FE, EEATEEA HL (DOC, dissolved organic
carbon) K& B F/KIZR—RE M ACIED; 35
FAMA PR (ROC, readily oxiedozable carbon) K H i
IR AR AN VRS AR 10 AR,
B VAPATRE, ~PATIDE EAR & HUE EEE T, $ix
HEOREEIE , B ORAE i DU TR AR 12k

A YUYt = N E R RS HERAFRER 40 g °F
FT 250 mL (BT FRMUR A, MRS (25 C)
IR 7d, WERCEYIETE, WOREE DY A S A L

B KFKER 60% 287K, BEFmERZ (H
JEHVKEZFRE), FMCBEER 4%, EEFRERE 1.
3. 5. 7. 11, 184 25, 32, 39. 46 RFESM, FREm
A LA 9: 00—12: 00, HUFERTHE F2MEE X, W
HASEYIEE S, 5 HSBFRMIE R A =
T A R, FAMHYT 0. 2h 4 HIRESE
2, FTAN10mL HAREN, A& FID £l d
(A A (2548 7890B, Agilent, Palo Alto, USA)
ME RS CO, WREE, FFARIE M O ZE T, T3H
BUBRA b3 2

*2 AERILEHFSEERR

Table 2 The nutrient management in different secondary treatments

- B E 2K Summer maize XK /NE Winter wheat

PR iy AMEEL P (P,0) /K (K0) / AMEREL P (P,0) /K (K0) /
Management Treatment N/ (kg-hm?) ANCA=1E 205,2 20,2 N/ (kg-hm ) ANCZEE 205,2 20,2
BTRN (kg-hm ™) (kg-hm ™) BTRN (kg-hm ™) (kg-hm ™)

DCK 0 - 75 90 0 - 90 90

DP+S DCON 250 9: 16 60 90 300 1:1 75 90

DOPT 300 1: 2 75 90 225 1:2 90 90

RCK 0 - 0 0 0 - 90 90

RP-S RCON 250 9:16 0 0 300 1:1 120 90

ROPT 180 1:2 0 0 180 1:2 90 90

: DCK NFEFFIE H+HZRBIBE A6 A T ASHEAL; DCON NREFTL IR BB 26 A R AR I S BHREAL; DOPT SRS FFIE B+ EH 26 1 1 SRALHEAL ; RCK RS FT AN IE HH -+
TERF A R ANHEAL; RCON J9REFT AN R TP 2 1 T AR [ ST BUEAL; ROPT J9fEAT AN H+R TR 261 NI IEAL; T 1A

Note: DCK, deep plow with straw return; DCON, deep plow with straw return; DOPT, deep plow with straw return; RCK, rotate plow without straw return; RCON, rotate
plow without straw return; ROPT, rotate plow without straw return, BTRN, basal to topdressing ratio of Nitrogen fertilizer, the same below.

L5 HIEHE

Tk B2 5 B 8 B RE 6 B Ak S i - 338 ATURR 22 1) o 1 A
i, BIEWE S S (CPI, carbon pool index) AT IESH
MU & B SX AR (CK) HIEENmES ERE,:
AW (NAOC, no activity organic carbon) A 3% S F M ER
BRSNS B REEE (CPA,
carbon pool activity) 43 5 A HLIK & B SRS
LUfE; WK TS E$8 4L (CPAL carbon pool activity index) A
Tk PR vE FE S AR EE (CKD B VG B B AR s i e
FE 5% (CPMI, carbon pool management index) A B £ &
B Bk S BER RIS (%)

LA WU 2R O B 7 I 1] A A LB AR 1L
= SEFEMNEPHE, R

F=Vxdc/dtxpx273/(273+T)/W (2)

X FOREEEE VR L E R, mg/(kg-d): V AT
S AR, Ls de/de D957 N TE] P 8% 7900 R AU
WREARE, mg/(kgd); p AREERTE NI UEEE,
g/Ls T RMASEPIPHAERE, C; WwREFKA L
FERLE, g

I HIRE 0 B R N EE TR 4R B 5 — I [A]
T3 Co, BRE, Wi NmEmE, HECN

€= ) (Fua4F)[2% (T =T) (3)

X ¢ BRI A ¢ N R IEE MUY 1k 2R &,
mg/kg; Fo N i1 PRI KA SR H 3 YL L
R, mg/kgd); F, N i UCRESARM G WL
ik #, mg/(kg-d): T.\-T, A i+1 YCRESMESE i Ik
RS AR B REET (8], do

3 WU AR S — 280 12 7 sl .

C,=Co(1-e™) 4

K C N HEEEATH A VUK R, mg/kg: ¢ AREFRES
W], ds kN VER HUBRZE (Rl R s 5, 47
JAREA T, =In2/k.
1.6 HIEALIE

AW 7248 F Microsoft Excel 2019 #7845 #, X%
F SPSS Statistics 27.0 #F 17 77 % 7 #r & AH 56 1% 75 #r
Duncan #47 £ E L #; Origin Pro 2022 i3k 47 B & Hil1E ;
SPSS Amos 24.0 FJ i 5 # 77 AL (SEMD DLy
PEJ7 a0 Bt R B 5 398 AL S M 41 20 % 1 38 ML
Ji e 5 [T B RE D R 25 5

2 HRE5SH
21 KEAREMMEREEEREZ G TN LIRAINKRSE
HISZNE

Wk 3 i, & 15 a WK HE MR, 5 2008
AL, BRASHEACALER AN, A3 SRR AN [ FE T Y
B R, 3 SOC & & Bk R a8 5t LTk,
7E RP-S 5 DP+SZ&AF T, Rl (2008—2015 ) 1% SOC
Ry HEK 1.24%. 4.16%, & (2015—2022 )
AR 6.57%. 21.04%; 5 2008 SEAMLL, BRASHEAEAL
HAN, AR CIESREEWA M, B ROPT &
AN, TERARSELEEATIEEN TS, f
TR S EEK 22.00%, 5K 6.93%, ROPT 4
HE AR R, BARET NN 2.89%. 5 HH5E i
15.37%. RALHEAR SR IR AR b, TR a s
K R BUONATH CON 5 OPT £ K 9.85%, J& ] OPT
8 CON Z 1K 8.06%; 1FHIEMA LA TH, RP-S %14
T, C/N k2% T RE%H, B CON & OPT T[4
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KHIREFTIRBIIE FH B 77 238 B0 A HLBRAT AL 52 73

& FE = 8.34%, Ji ] OPT 8 CON T B & & %1 9.39%.
DP+S 4 1F T, C/N SRR EHEEE, s CON &

OPT N B4R FE & 3.93%, J& 3] OPT % CON 14 K1 &
9.90%.

R3 TEHERFAEENLIRANER, £RAENZTFTN
Table 3 Multi-year changes of SOC and TN under tillage and nutrient management

AR b 2008 2015 2022
Management ~ Treatment  SOC/(g'kg) TN/ (zkg’)  CN SOC/(g'kg) TN/(gkg)  CON SOC/(g'kg) TN/(gkg)  ON
RCK 14.22bc 0.82¢ 17.35a 13.52¢ 0.88¢ 15.35a 12.91e 0.89¢ 14.51b
RP-S RCON 13.50¢ 0.89bc 15.14¢ 13.85¢ 1.03b 13.44¢ 14.44d 1.08b 13.38¢
ROPT 15.57a 1.03a 15.19¢ 15.56ab 1.05b 14.75b 16.19¢ 1.22a 13.31¢
DCK 12544 0.77d 16.18b 1253d 0.86¢ 14.62b 12.57¢ 0.85¢ 14.87b
DP+S DCON 15.02ab 0.93b 16.08b 16.08a 1.20a 13.38¢ 18.11b 1.27a 14.31b
DOPT 14.85ab 0.97ab 15.28¢ 15.74 ab 1.18a 13.31¢ 20.38a 131a 15.55a

iE: SOC HEIEHNIIE &, IN A LBAE &

ARG TR R A R E S % (P<005). FH.

Note: SOC, soil organic carbon; TN, total nitrogen; Different lowercase letters indicate significant differences in different treatments (P<<0.05). The same as below.

22 TEENRERKREERBERER

K HARE AT I FH 2R BRI A e I 85 ) 3
HHLR (SOC) HEMEE. Fraabsid, +3H PR
HEUAEFTE HHABHE (DP+S) FALHGAE (DOPT)
MR R, N 2038 ghkge SANAE (CKD Lk, FEFF
ANEH+HEIEHE (RP-S) AbHiA, & ESIBEE (RCON)

B A WL S B B 11.83%, MALHiAE (ROPT)
AR E 25.39%; %ﬂrﬂﬁﬁﬂﬂsﬁéﬂﬁﬁ (DP+S) Ab#dr,

RSB (DCON) HIEANMES EE FRE
44.13%. AR (DOPT) 4% 62.13%, ‘S54RI
ik ey E | O O R PR E ii;%ﬁm&%*;ﬁ 12.35%.
(P<0.05, &l 1a);

J RP-S DP+S
T Hkk 600 T ok

. skskok C kokok
~ 20 TXC ok 2> 500 | TXC: ns
w z
& 15 2 400
S 9
S 10 2 300
“ =
0
CK CON OPT CK CON OPT
Ab P Treatment Kb Treatment
a. SOC b. MBC
180 1. x 5 [ s
— C: *¥* C: #kk
7150 | T<C: ns ab 2 o 4 L TXC: ***
on bC T
~ cd 2
g 120r d d QD 3
Q
2 o~
LAl Al 2
CK CON OPT CK CON OPT
Kb 3 Treatment Qb3 Treatment
c. DOC d. ROC
i HESWT, TRRPHESHE, C RRFDEH, T<C ErPHEEHS
RO E RN AR ek, *H ns 2} B RN A B AMIEH] 0.001 . 0.05 &
FRPRANE

Note: In the ANOVA, T: tillage management, C: nutrient management, TxC:
The interaction between tillage and nutrient management; ***, * and ns indicate
the significant effect of variable at 0.001 level, 0.05 level, and no significant
effect, respectively.

B 1 REHER IS AT i%ﬁ B AF A
pellc X & o A
Fig.1 Effects of tillage and nutrient management on organic
carbon content and activated carbon components

w (B 1b) iz, 78 RP-S &1F T, ASIAE] it AE 2614

TEEMAEYER (MBC) ZRMWAEZE; i DP+S %
47, DOPT 5 DCON Jife It b 2 (1) - 3 13l 26 4 2 e 340\
Fm T AMAE DCK A2, (HEME R ZERAEE, Kk
Tt A v T AR B ST . DP+S %415 RP-S & AFHHEL,
TIEAE YRR B IR 22.21%; 1E HIEA VA MR
(DOC) Jiifi, ANFEFFDEHEM T, Akt AEALEE K
ATV A AL ECR R SR IR AL R AR 5.16%, 1H
TR EMZER . DP+S %45 RP-S &AL, T 3EnT %
PEA U EPE M 14.43%, ZREZE (P<0.05, K 1c);

m (E 1D FoR, SAMARAE, #4315 55
B WL (ROC) & & EEHT (P<0.05), £ RP-S
ZAF T EZ) 20%~30%, ALk i AR S = A B 21 45 ite
B, HESANLZE, 75 DP+S %4 FEEEZ 90%~110%,
DCON 5 DOPT #bHE A Z R, ROC FEHER 10.45%.
MR 27 2 M B, B 7 38R0 it AR A B 35 6 SOCS
MBC. DOC. ROC f &3 M (P<0.05), MWHEAHAE
XA SOC. ROC A w3 &M (P<0.001) .

TrEMNTRE (R 4), £ RP-S &M, H5AHAE
AEERAHEL, RCON ACFEACA BB E FEFEEL (CPMD W34
BT 23.00%, HAhfebrs G R EMZER, ROPT 4B
AR ZEFR B (CPD . F2 g BB (NROC) . CPMI ¥ H
WEA (P<0.05), HEMEAN 26.00% 24.46% /% 31.00%,
1M ROPT 55 RCON #f Lk, X7 CPI 5 NROC b H &3
M (P<0.05), HE0E N 12.50% A1 13.16%. fE DP+S
FAET, A A R A R SO 5 A AR AL 3 B

ZME 2% (P<0.05), DOPT % DCON A tt, 7E CPIL.

NROC. CPMI fikr FAFEEEMZR (P<0.05), HEiF
23 HIN 12.06% 13.08% F1 10.19%; 2 Fh A [&] 15 &
R, bR CK ZRARES, KRS FHE H R B
A ] & #F#%5 CPI. NROC. CPA. CPAI. CPMI #5¥x
(P<0.05), HAMIE/ 575 25.40%. 18.04%. 35.57%-
35.37%. 70.38%.
2.3 TIEBHRET WFERMEESH

i 2 fros, KA FEFHE 77 308 e A 3 T 45
A HLBIA™ 3 2 A 357 o 455 7 I B0 P 384 o v 32 347 B A
LA it A A AR REAN B FR A R 3K T LA Ab 3, HARER
oA A WU AL R 1 diE R ROk, T A
1~10 dE T %, 10d 5518 FEEZRRE, AU
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AT 2B R F AN (] 500 SR H R AR AL, FEATANIE %
JERE (RP-S) b B ¥ 2% 1~ L8 MW fh il 78
4.35~19.64 mg/(kg-d), TMFEFILHHREH (DP+S) %

N B MU L3 R AE 6.55~40.64 mg/(kg-d),
RP-S A3 T 60.97%. 4G KE, MRALHE S5
HEAEARLE, AT E A LA R 28.55% .

R4 TEHHERFSEERN IRk EEIR RN

Table 4 Effects of cropping system of tillage and nutrient management on soil carbon pool management index

RS phzm BRI A Fase b BRI BRI P F A B ELR 5
ME . ¢ Treatment Carbon pool index ~ No activity organic carbon  Carbon pool activity =~ Carbon pool activity index ~ Carbon pool management index
anagement - Lreatmen (CPD (NROC) (CPA) (CPAD (CPMD
RCK 1.000.00 de 10.7120.23 cd 0.210.01 b 1.00=0.00 b 1.00=0.00
RP-S RCON 1.12+0.02 d 11.78+0.39 ¢ 0.23+0.01 b 1.10+0.04 b 1.23+0.06 ¢
ROPT 1.26£0.02 ¢ 13.33+0.42 b 0.22+0.00 b 1.05£0.04 b 1.31£0.03 ¢
DCK 0.970.01 ¢ 1036021 d 0.22£0.01 b 1.05£0.09 b 1.02£0.08 d
DP+S DCON 1.41£0.06 b 13.91£0.52 b 0.31£0.02a 1.48+0.09 a 2.06+0.05 b
DOPT 1.58+0.07 a 15.73£0.42 a 0.30£0.00 a 1.43+0.05 a 2.27+0.11a
5 5 SMF N RSB TRk 380.14~852.43 mg/kg, M
en en v o e 5 N =
. o 2 s pek FRAEIHIYE (DP+S) 4 fF L HEMI AL AT L i
33 g5 “op-porr 795.47~1 306.40 mg/kg, % RP-S il LW /£ 7l 7 1k
Z: 2: AR 70.53%. AR T, AR 15
=g =% 20 . o i o N _
TS s i A T LA 3 B A L AR T LR 12.75%:  7EAN A #F
®E BRI, " "
H g g fE#:0F, DCON 5 RCON AL, i I B T k%,
C 0 10 20 30 40 50 S 0 10 20 30 40 50 — # I 4 g S o
2 i 1) Time/d 2 5 1) Time/d AL, 1 DOPT i)( ROPT ﬂ%"ﬁ%ﬂﬁ}iﬂ:mﬁﬁ 15.11%.

b. FEATIE H+HREHE

b. Deep plow with straw return

a. FEFTANIE F -+ e

a. Rotate plow without straw return

B2 ARRBEAT € A LA IS (g F 05 & R AL
Fig.2 Dynamic changes of soil organic carbon(SOC)
mineralization rate under tillage and nutrient management
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HoeE 2% RPEILE 099 UL b, B A AR B A

(£ 5. WIFEMESER, BIFAEHLEN (RP-S
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Fig.3 Dynamic changes of soil organic carbon(SOC)

accumulative mineralization under tillage and nutrient management

LA AL R
SOC accumulative mineralization/(mg-kg™')

x5 KHETEHESRRFSEETHIRBIBRT K NFESHK

Table 5 Dynamic parameters of soil organic carbon mineralization under long-term tillage method and fertilizer management

osii! AR b i JA A TeE A [
Treatment Potential mineralizable Cy/(mg-kg ") Constant of turnover rate k/d”" Determination coefficient R> Half turnover period of SOC pool T),,/d

RCK 380.14x14.72 ¢ 0.020+0.000 b 0.996 7** 29.48+0.81d

RCON 852.43+53.54 ¢ 0.014+0.003 cd 0.998 4 47.97+2.60 b

ROPT 732.69+14.32 d 0.020+0.003 b 0.995 7** 35.01+0.28 ¢

DCK 795.47+11.29 cd 0.013+0.001 d 0.995 7% 55.53+1.71 a

DCON 1306.40+32.59 a 0.016+0.000 ¢ 0.994 8% 44.24+0.81b

DOPT 1 156.89+85.47 b 0.023+0.001 a 0.990 9** 29.72+0.60 d

e Co NEHBRAETH LR &k N EREAREAG T, N ESHER; TR,

Note: C,, Potential mineralizable SOC content; k, Constant of turnover rate; 7,,, Half turnover period of SOC pool; The same as below.

FHEA WU R AL 4R B IR I (A 3 A HLAR
TEAETT LR S LBR L ],  REWE S e 3% [ ik €
Mrmgs. AP Rt Abm, HEREE s
w6 fron, AWsd, SAMACAHEMLL, 5421

BEN R EREHE ER, ERFFAE H+HE e
(RP-S) Z&MF, KRB (RCON) LA ML
Tk BRI R B Z RS 100.68%, EALHGEAE (ROPT) 4b
PRPE R 54.08%; TEASFFIC H+RBHHE (DP+S) 44T,
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Sk 2 A
it aE:

IIFEATERBHAE F 2 57 00 B A HLBR AT AL R 75

KR IHEIE (DCON) 3EH PR 2T LR 5 & 17
T 13.90%, 1 A8 4k Bt T ( DOPT) F& MK T 10.27%.
DP+S 4145 RP-S A tL, HIEA PR BT 1L R 8
FIREL 23.59%. SEREW, HARRSBEEAEL, 7
A AR AT DL 3 PRI A LR B L2 22.12%, 1]
DAHE i L3 [ Bk e 0, T RS AT L R A S R A AL
M-+ e R CAI B, 3 T T3 HL B LR, Xt
I B RE ST — i DRSS AR .
Fz6 1EF 46d TIEENRRRT LE

Table 6 Cumulative mineralization rate of SOC during
46 days’ incubation

AbE FEFFANIE -+ et FEFTAE AR RH B
Treatment Rotate plow without straw return/ % Deep plow with straw return/ %

CK 2.94+0.001 ¢ 6.33£0.000 b

CON 5.90+0.002 a 7.21+0.001 a

OPT 4.53+0.001 b 5.68+0.002 ¢
24 TIRBIRET HSTHREMRA S BEX MRS
HIEERNE

f RS R A Sy . R RS LA L
W BN 115 250 AR BRI AT A DG A HT
SERRW R 7). L3 5 IEE MR . CPMI AN
Cy/SOC # 2 B & IEAH KK R (P<0.05). 5 CPAI £k
FIEMHKKR (P<0.01), C 5 SOC. THi% M w4 o Al
IR A R B AR B IEM DGR R (P<0.01), 5
Co BERFIEMRKR (P<0.05), k{HS Ty, [0 2 KR E N
KK R (P<0.01), 5 C/SOC HEEZEMIFKKR (P<
0.05), 13 CySOC 5 T, AR EEIEFKK R (P<0.05).

BTG50 7 R RO AE DG FE b (8] O R BTG, U
R B (P =856, HHIE (D) =8, ¥ Al

FEHAE (/DD =1.07, MEMREIE (GFD =0.90, Lt
BIETRE (CFD =0.997, MEHIEHE (IFD =0.997,
IR Z S H MR (RMSEA) =0.064, @ERCAHE (K 4).
BRI AL R TR FHEE . SOC 5 1335 i 4 4
X g A AR, A AR R B IR
M. (P<0.01), SOC 5 DOC 2 IE [ £ FEA B #, i
MBC 5 ROC 2w E A mfEH (P<0.5); +3%5 Ak
T E S B W B s I R AR R E R R
(P<0.001) . HHE BT+ 3 BR 1 0 B 3% f 5
W /N, (H B ZF BN T SOC (P<0.001) . MBC (P<
0.5) . Jife B HE X 4 38 BRI b A BN IE 1A U8 AE
AEZE, X SOC (P<0.001). DOC (P<0.5) & ¥
BN Ak, HARAE S DOC X -3 B bR A
IE RGN, BEE R HE X 358 SR b 2 F 1Al R AH 3
ANEE. MALE R HHEEE TS SOC K i iE
T 2H 7 ()42 5 M) = 38R0 Y A A AN SRART L2
7 TEENKRTHSHEEIIEEMRSEEMEX ST
Table 7 Correlation analysis of soil organic carbon mineralization
parameters and labile carbon contents

T Index G k Ty C, C,/SOC
SOC 0.785 0.580 —0.428 0.967%%  0.370
MBC 0.857* 0.485 -0.328 0.993**  0.479
DOC 0.852 0.461 -0.307 0.977**%  0.482
ROC 0.859* 0.472 -0.326 0.989%*%  (.482
CPI 0.785 0.579 -0.429 0.966**  0.370
CPAI 0.920%*  0.252 -0.126 0.948%*%  0.632
CPMI 0.867* 0.454 -0.307 0.988**  0.498

G 1 —0.032 0.198 0.905% 0.860*
k -0.032 1 ~0.956%* 0394  —0.718*
Tin 0.198  —0.956%* 1 -0.218 0.870%

=R R P<0.05 A1 P<0.01 KT 3.
Note: * and ** represent significances at the P<0.05 and P<0.01 levels,
respectively.

HEHEE 2 il L FE
™ FM
‘;k -?9***
N
S ¥ EpilNTA
. soc
o 1
0.96***
0.54* ‘
A — — - s - * P05
(LGt 0.48* D E R & LIRS 0.15 AV LB #5 p<(.01
MBC ROC DOC #4x 0,001
P <0.2 2
) * 6. ' 0.2~04 —
Qx A Loxx & 04-0.6 —
Q 06—
9.06 TEArT Loaees [ BEWLE |
— 7,,/d C,/SOC
0.74 0.19 T
—0.05 0.05

E: T™ R FM AR E B B i sk L M $s Jubn et 2 R 4

Note: TM, tillage management; FM, fertilizer management; The numbers on the arrows are significant standardized path coefficients.

B4 LRGN GG B AR AE ) 45 AR AR A

Fig.4 Structural equation model of soil organic carbon decomposition and sequestration potential
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Effects of long-term deep tillage, straw returning and nutrient
management on organic carbon mineralization of fluvo-aquic soil

NIE Haoliang , YANG Junfang , YANG Yunma , HUANG Shaohui , ZHANG Jing , WANG Jingxia ,
YANG Huimin , YANG Wenfang , XING Suli , JIA Liangliang™

(Institute of Agricultural Resources and Environment, Hebei Academy of Agriculture and Forestry Sciences, Shijiazhuang 050051, China)

Abstract: Soil organic carbon (SOC) mineralization is closely related to the terrestrial ecosystem carbon cycle and global
climate change. Reasonable tillage and nutrient management can be adopted to improve the carbon accumulation and
sequestration potential in soil. It is urgent to explore the relationship between tillage-nutrient management and SOC stability in
the process of soil biochemistry, within the context of carbon sequestration and emission reduction. Therefore, this study aims
to clarify the effects of tillage and nutrient management on SOC mineralization in fluvo-aquic soil of North China. A 15-year
long-term positioning experiment was carried out on the tillage and nutrient management (2007-2022). Two main treatments
were set: rotate plow without straw return (RP-S), and deep plow with straw return (DP+S). Three secondary treatments were
set: controlled fertilization (CK), Conventional fertilization (CON), and Optimized fertilization (OPT), with a total of six
treatments. Soil samples were collected at 0-20 cm depth in October 2022. Some parameters were measured, including the
contents of SOC and activated carbon components, as well as the carbon pool management index. SOC mineralization rate was
determined by the incubation method. A first-order kinetic model was used to calculate the potential mineralization and
turnover rates. The structural equation model was fitted to reveal the turnover and sequestration of SOC under different tillage
and nutrient management. The experimental results show that the C/N (SOC and TN ratio) generally shared a decreasing trend
under the condition of RP-S, while the C/N generally shared an increasing first and then decreased trend under the condition of
DP+S. Compared with the RP-S, DP+S treatments increased the contents of activated carbon components in soil, and the
carbon pool management index (CPMI) increased significantly. Compared with CON, OPT significantly increased the content
of SOC, with incremental rates of 12.35%. OPT significantly increased the readily oxidizable carbon (ROC) and CPMI with the
condition of DP+S. SOC mineralization rates were the highest in the 1 d and then decreased rapidly. After 10 d incubation,
SOC mineralization rates decreased slowdown until it stabilized. The SOC mineralization rate was in agreement with the
logarithmic function. Nutrient management enhanced the mineralization rates of SOC in the fluvo-aquic soils in the following
order: OPT, CON, CK. SOC mineralization rates in all treatments were consistent with the first-order kinetic model. DP+S
significantly increased the cumulative mineralization rate (value of Cy/SOC) by 23.59% (C, is potential mineralizable organic
carbon content in soil), while the OPT significantly reduced the value of C//SOC by 22.12%. The accumulative mineralization
of SOC (C, is accumulation of soil organic carbon mineralization during cultivation time 7) was significantly and positively
correlated with the SOC, activated carbon components, and soil carbon pool management index (P<0.01), both of which were
significantly and positively correlated with Potential mineralizable of SOC (Cy) in the fluvo-aquic soils (P<0.05). Tillage
management, microbial biomass carbon (MBC), and ROC were the direct factors of SOC mineralization and sequestration
potential in soil. Tillage and fertilization management dominated the SOC mineralization by the contents of SOC and activated
carbon components, then impacting soil carbon sequestration potential. According to the SOC accumulation content, the direct
positive impact of long-term deep plow with straw return treatment on soil carbon sequestration potential can be fully
counteracted by the indirect negative effect of the increase in SOC and activated carbon components on soil carbon
sequestration potential. In conclusion, Long-term DP+S with OPT significantly improved the stability of soil structure and the
SOC sequestration potential. Optimal fertilization reduced the cumulative SOC mineralization rate of soil and then enhanced
the SOC accumulation and sustainable utilization of farmland resources. The finding can also provide ideal farmland
management to optimize the combination of tillage and fertilization in fluvo-aquic soil of North China.

Keywords: straw; returning to field; fluvo-aquic soil; long-term fertilization; tillage methods; SOC mineralization.
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