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W OE: AT WIEME T NS 3R B SR R A U LS . B TIESR 152 (20072022 ) BHES IR
KA E MR T R AL, KIAE A5 7 AR R ST BRHME B A (FEFF A IS H L edk 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
JEHE (CKD . RESIBUAE (COND R ki (OPT) 3 AR, Jtit 6 MbH. T 20224 10 H, RERZ
(0~20 cm) LIRS, AT LAY G ERA 5 &S LIEmFEE e, R = AR, e LAY
WA ZR, FIH—H31 1% RN A T MU e v AL AR 3, S S50 5 PR B 48 7R KA [ R U
FROEEEH T, LA AL RE. 2FRREIEA Y, 7E RP-S %M F, C/N(SOC and TN ratio) &7k 2 & T
Felash, 78 DP+S T, CON A REMREESR . BT AR R E RS 7 HEaamas &, A
Tk PR 4R 4L (CPML, carbon pool management index) $EFHR 3. AR I BUBACAR LG, PR AEFT DL 238 & 3
LB & & 12.35%. 7E DP+S %M T, it B Eiem T L3 5 A AP (ROC, readily oxiedozable carbon) 4
CPMI. &Ab¥E - IA WU (I 1 d B BIRK, JE 1~10 dE T, 10d FEE TRERRE, AHRE 10
TR B) 20 AR BB AR, R A B R A U L ER I R A — BN TR . R IE HHATE R E R T R
B GBEIERTH S LAV HED 23.59%, Tt itiie ar DL 2 AR R AR 028 22.12%., LA LA
WEBE (C) 5FHIFHYLK (SOC, soil organic carbon) « T 3F87% PERK 2H 7 A1 33815 22 5 BE R 2008 B AR 2 35 IEAH OG0
Z (P<0.01), H5HEEETTENERE (C) RERFEMIKKR (P<0.05), SRR, PHEEE. MWK
(MBC, microbial biomass carbon) Fl ROC & #0345 ARk i 4 6 77 FN[E e e 71 M B 2=, #FE S5 il AR A 3wt
X LB MUK S G M RR 2 A sz, [RIEERZ e B WLRR A A Be ), b R LI R RE T . KIHRSAF IR BRI B S
P A it A R T8 R B e 77, AR AR H BRI 3 Bk B T R SRR
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REME AR THARS AT I H A s 77 LIU SO0 3 3 ot i FF
FET ) T T 25k SRR AT A T, R FR I H T DA 35 4
A MU B A MU A i, (BB Rd B 7
IECI, R IR R R AR I g AR A E . BEE T
AOE W IR A E N EE AR R —, AFEB
VE TR BE B $Ie 20 5% %o = 3Rk 2 A A0 3o 8 1) 5 ) 2 BE AN
R, AR mIl, R AL 3 B L AR R 1
Ji i, T AS AR IRENGE O R 2 R AR YR, R T
AR 1 #E1, PAUSTIAN 261 A 503K B, 7F 0~30 cm
HEE LR LA ML B RGN 0.4%, ATHRE H4F +
WEE PR . it IR 2 e 5 B AL i
BRTFZ—, HE2 S 5w o R e H 2 g s
AHRR SR, SR A MR i RE, E R
FT 25 a KM A7 it AR RIS 2 d , 15 i AT AT e a4
AR R, BEKRME L, fmFEmEE 1. aE
TR, iR AL NGE S VLR B AL S S,
P AR I rp g Ra e e 3G 9m [ Bk /e 7733k 1y R e 2 4
AN R, TR AR BRI R AN, it
REd m e R LB EEE 1. shAh, IR RS FF L
FH [ [T B ROt A B 2 e, RS AP 2t i C/N FHsr,
HET 512 I A SR g Y, e
WFFC I, R RIS Pt AL B 8 s 39 [ SR vt - 35
AU BT R R A e, TR A A
WL TR 2 v 1 80 i =2 A 3 5 AR B8 R B, RS FF L H 5t
REXT - 33 A LR TG IE 7] A2 FLAE A

AP R P E/NER A EERE E~ X2 —,
W R B X IR AR IR Y —, HAE
WP K BREFF R IR+ EE R, e % X
FEBHE T, KIS SEHHERE .. HIEE
BRI, 2T R I e R S s Y,
FEFFIRBE H N K R AR PR E R, o g,
Pt TR N AR, TR IX IS B TR R 2 1
NH, FEiFFie HORE IR AL TR, (21 7 HIER
HLBR [ 5, T IRBIRE &S & il Al S 2 1 5 7 HIEA AL
BRI AL BE 1), 7 ) A S A T B N 5 % e 00 B )
T Ak A A URR ) B 5 T A ) 28 RS I R 2 R
ANFFE . Ak, B LRI R R+ (X hE-H

FREAE) AT S, KFE “BHES TR EEE K
WAL ER” (2007—2022 ), KA EWEIERE T
%, WA FSATE H AT A RIHE 5 77 70 B R
A MU IR AR AE I EE S R 2%, DAIIR N -
B MU B AL SR e AL, S 355 0D ] g 38 7=
FALES .

1 MREREE

1.1 RIEHbHE R

BHE 5 77 704 BASE 30K s 47 R 36 47 T k44 it &
B, KAT I R FE V)P R 1 B e s v . e PR IR AT 1
T2 B KR T AR X, WARFEI, FEBREKE
556.2 mm, F PRI 13.1 °C, Mtk R K NE-E
TR, HEal LSRR g F L, HE P E RO R
SR SR uE (36°51'N, 115°01'E) .
1.2 R

Al g | AR 5 7R o i A K e A i e
ZRA W E T 2007 4, #ik 2022 FE IR 15 a0 W5
BARIEY N AN E TR, RARX Wit A0
N ARRSIEHHES B0 REFT AN IE X iE B RP-S,
rotate plow without straw return) F /5 7= #f /E & 2 5 X
(FEFFIE A B #E DP+S, deep plow with straw return)
B EE R 3 PR AL, 2 iR AN it R X RE
(CK) . REMBHAE (COND FLiLitAE (OPT), 2007
ER 2010 5, AR ARAR BE 2 e I BRI AR
it B R AR e R ) B SR A e, B AR 43 i BB DA
K BT V55 A IR AL H AR 1R B br s B e
FMEE, ARXAN: BEE (kghm®) = (EYHAI &
oW = H b - LB / (IERFR & Ex
AERIFI R, KA “MEaEMEik” ke w e ie it A
i, WIS R SR I e Y TR P AT M,
SRR PR R — e Va N . 2010 4R 5153 2 AT

BB N R & (N 46%) « i BEER4AS (& PO
16%) MIBRERA (& K,0 50%) , B Il 4 3 — vk vk 3t
Jith, ZARERILHEAN, 38530 T R KRB WL N 22 5 T
iGN . MR 4 RES, JE24 AN, /DXTHER 10 mx
5m=50 m*. FAAPHEEI SRS EHEINE 1. £ 2 Fir.

®1 AEELEHOHESERR

Table 1 The tillage management in different main treatments

EHHR /NS A FoK i TR e B e HHERREE FhEFF AL
Management Wheat variety Maize variety Maize plantation density/(1 000 #k-hm™?) Tillage method Tillage depth/cm Straw treatment
DP+S i 15 %K 335 75 R 30 Tt H

RP-S 6172 HHL 958 60 RIERE 15 FEAFAIEH

1.3 TIEMARE

RS T 2008, 2015, 2022 4F 10 H E Kk Ek
JEHHTRAE . B/NXCR AR, R4 0~20 cm ©-
B, KEREDRAERAER WY, BT, fF
HARNTE, o2 mm ffRAE, HTLEENR. &
RS HIR M 5E, 2022 4R K4 3R, 5 Y 4392
ROPRAJE NFG, — T LAV SR E

BB 55 T e B AR F AL MR I8 Je = N R IR S 7% 51—
Py N LA VKR ORIEAR P AT [ SEEe 2, T 4 C Ik
e, IR T REMAE Y E . AT VA PR
WE o
1.4 TI|MERNE

MEEENEE (TOC, total organic carbon) K &
BB B A In #GE I e, A (TN, total
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%18 3 Tt A IR AT IRBHIE K 5% 20 BN A WL (L5 3

nitrogen) R AR YLRKE BRI HpE e
fx (MBC, microbial biomass carbon) X & 1/j TE %R 1%
et R PR (DOC, dissolved organic
carbon) K& B F/AKRR—H AT 1S

A A MK (ROC, readily oxiedozable carbon) K H i
BRI RN RN RN FRIE 10 MR, I
VTR, FATIEE AT &M EETEE R, %
FEREFTIE, HORFE il E e .

*2 AERILERFSEERN

Table 2 The nutrient management in different secondary treatments

HEX KN
HHEEA bos] Summer maize Winter wheat

Management ~ Treatment N ANCELE L P (P,05) K (K,0) N AACELE L P (P,05) K (K,0)
/(kg-hm?) BTRN /(kg-hm ™) /(kg-hm ™) /(kg-hm?) BTRN J(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 12 0 0 180 12 90 90

i DCK AREFFIE HHRFIHE 5% 4 T ASMEIE; DCON JyAE FHIE F-+HER T 4% 8 R AR B S B IE; DOPT RS HFIE HHATHH 2% 1 F AL AENE; RCK RS FFANIE H+i%
TSR AE N ATEAL; RCON AREFF AN H - BE#t S 40 T AR IR SI B AE,; ROPT S FTANIE H -+ e At R AR AL M AE; T )

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

T IE T b= AR R HERIAREL 40 g 7
T 250 mL BB ETRIUR AR, EfRIRRE IR (25 °1C)
IR 7 d, WK REYIETE, WOREE DY A 2 S A+
B KFrKER 60% B2 E 7oK, FRBUEFRERZ (H
JathKEIZERE), FNMEEESR 4R, EREFRENE 1.
3. 5. 7. 11, 18, 25, 32, 39, 46 KREAM, RFEER
B9 £ 9: 00—12: 00, HUFERTHE RS FRME X, 17
AV E B0 5 SR FRmECE R A =18 K
T A S, BAET 0. 2h A RESE
200 TN 10mL HARAEN, AR % FID &%
(A A (2546 7890B, Agilent, Palo Alto, USA)
WERESD CO WREE, MM RN € ZE 1T E, LA
BUBRAT ik =
1.5 BIEHE

Tk J2E 5 B 9 A0 e 0% A S T = 338 AT LA 22 1) o 2 A
B, AHEERE 8% (CPI, carbon pool index) A+ I3E ST
LB &2 5X AR EE (CKD) HIEEPUR S ERHE; 2
AWK (NAOC, no activity organic carbon) 4 -1 3 & F 1Bk
BRSNS B REEEE (CPA,
carbon pool activity) 4133 ) F AL A ML & B 5 STk
PUfB; Bk 2675 FE 45 20 (CPALL carbon pool activity index) 4
Tk G B S R AR (CKO IR EVE FEI LUAE s e
PEFE%L (CPMI, carbon pool management index) A B FE ¥&
5 Bk S BER AU R (%)

T HUBRE™ 1 18 22 g 35 F7 I 8] 9 A BB R ARk
E RN E, HEARXN

F=Vxdc/dtxpx273/(273+T)/W QD)
Xrb, FAHBEANRT (LER, me/kgd); VAR
A S AR, Ly de/de B B 8] P9 3% 7% i A 1<
I EARNE, mg/kgd); p NIRHERSIE T B
FE, g/Ls THMAIHEFRIMANEE, C: wREFRM
WEFERE, g.
TN 1 RAE 2 NI IR 46 2 5 I [

b CO, BBERCRE, B S B IR L TS
EWs)

TG AL b BB C, (LLCO, T, mg/kg) =

D Fi+F) 2% (T =T) 2

A, Fry SR i+ 1 OB R AR A 1) 3G HLIR T
, mg/kgd); Fi N 1 UCRESRN LG VL 10
WA, mg/(kgd); To-Ty N i+1 JCRESEEHE 1 R
SRR RG IR R, ds

AT WU 6 R — 28 2 g R
C,=Cy(1—-e™) (3)

K, Co ATIBETHT AR (mgke), CH
Figemtal e () W R fLE, IR (D, &
N AW A LR R S R R (A, 2 A R
T,,=In2/k,
1.6 HIEALIE

AHFF 548 F Microsoft Excel 2019 HEAT #8523, %
F SPSS Statistics 27.0 3 47 77 % 73 #r & AH 56 1% 75 #r
Duncan #47 % H b4 ; Origin Pro 2022 #4718 & 1 1F ;
SPSS Amos 24.0 14 2 45 44 J7 A AL (SEMD H A3 #r
PEJ7 30 AR B 3 A LR 1R 2 55 0 3B ALK
Ji i 5 [T e T 255 52

2 HBRESH
2.1 KEIRE#HEREREREFH T IRANKSE
HISZ AT

25 15a K e k5, 5 2008 FAHIL, BRA
it AL 3 AL, 25 b B T IR N R R G R ROR, g
SOC % &k £ Artg fF ey EAE#H, 78 RP-S 5 DP+S
AT, I (2008-2015 45) 3% SOC & & 7 K
1.24%. 4.16%, JGH#1 (20152022 4F) 405K 6.57%.
21.04%; 5 2008 FFAHLL, FRAMEALALELSN, ASFEALEE A+
AR SEWE M, B ROPT A4, HHEEE
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EOAZETREEN BB, ISR S ERK
22.00%, J& 1K 6.93%, ROPT 4b B4 #4 £ I AH &,
FAR AT I 2.89% J5 BAXE N 15.37%. AL AL 5
KRR I AR AR L, T4 A & R K RPN T CON
5 OPT £ 9.85%, J5 1 OPT % CON £ K 8.06%;

7E IR 7T, RP-S 2644, C/N A& B T[4
%, [ CON £ OPT T F41R i 8.34%, J i OPT
5 CON F B4R 5 51 9.39%. DP+S &1F K, C/N Mfks
JobkE g%, B CON & OPT K &1 £ & 3.93%,
J5 31 OPT % CON K1 ¥ 5 9.90%.

®3 TEHERFNEEMLIRANE,. £RIENSFLN
Table 3 Multi-year changes of SOC and TN under tillage and nutrient management

P 2008 2015 2022
an??r:etnt Trﬁ\tffent SOQ] TNfl C/N SOC,I TN,l C/N SOQI TN,I C/N
& Ngkg ) Ngkg ") Ngkg ") Ngkg ) Ngkg ) Ngkg )
RCK 14.22bc 0.82¢ 17.35a 13.52¢ 0.88¢c 15.35a 12.91¢ 0.89¢ 1451b
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 13.31c¢
DCK 1254d 0.77d 16.18b 12.53d 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 1331¢c 20.38a 131a 15.55a

E: SOC HHIAHRRE &E; TN N HHEREE; ARG FRIORAFLEZER B (P<0.05). TH.

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

2.2 TEBNBRERKEESBERER

K HAREFT A0 FH IR B AN A it A A B35 6 R T 1338
HHLBR (SOC) HaEfIitE. Ara g, HEHIHR
B LR AT R H+ABIBE (DP+S) FHALH#EAE (DOPT)
M FE R, N 2038 ghkge AR (CKD AHEL, FEFF
AL H+HEERE (RP-S) AbEEH, KRR (RCON)
B EIEE PR S B B E P 11.83%, MALHEE (ROPT)
A EEHE R 25.39%; FEAT IS H+HRBIHE (DP+S) AbPEH,
KRR (DCON) LA NR S &5 EH S

44.13%. fLALjiti JE (DOPT) 32 & 62.13%. ( P<0.05,
la);
FEAT AR -+ e B REFFAE R B

3 RP-S, Rotate plow
without straw return

DP+S, Deep plow

with straw return
&n 600 a
[

TF=10.83 P<0.05
be

400

300 ﬁ%

C:F=8.99 P<0.05 ab
O_H_%J_M.

T:F=58.22 P<0.001
C:F=97.19 P<0.001 a
T*C:F=19.00 P<0.001

THC:F=2.30 P=0.13
500

[
=1

Soil organic carbon/(g-kg ")

S &
§m
a

o

o
o
Microbial biomass carbon/(mg-kg ™)

C

CK CON  OPT CK  CON  OPT
Treatment Treatment
a b
2 2
él) ] 80 T:F=12.88 P<0.05 E’D T:F=93.37 P<0.001 a
Sx C’Ffll 31 P<0.001 g C: F‘:67.IX P<0.001 b
g 150 TxC:F=2.10 P=0.15 ab a € 4 TxC:F=23.59 P<0.001,
£ be 5
<
S 1201 d d 2 3 c c
o= <
5 9% s |44
5 3 2 72
- »
2 5
2 0 50
2 CK  CON  OPT g CK  CON  OPT
Treatment F Treatment
c d
B 1 RREBEATSE LA LEANKES TR
LB 2 8 B
Fig.1 Effects of tillage and nutrient management on organic

carbon content and activated carbon components

(B 1b) Fian, f€ RP-S &M F, A[E AR 244
THEMAEYER (MBC) ZRHAEE; i DP+S %

f47F, DOPT 5 DCON Jife It b B fr) -+ 340 A= 0 = e 340 (2
R T AR DCK 402, (HHEMHEZRARE, i
it A e TR B ST . DP+S 44405 RP-S 2kt AH L,
TIEAE YRR B E T 22.21%; 1E LKA HLER
(DOC) Jii, ANFFFNEIHLEMET, HAHEIE LT
3B KV A AR ECR R S 1B IR AL R AR 5.16%, 1H
TREMZF. DP+S &1F5 RP-S % fFMtL, LHKE
PEA U E e M 14.43%, ZREZE (P<0.05, K 1c);

wm (E 1D R, SAMEARAE, #4403 1355 5
AP (ROC) &R EFERT (P<0.05), £ RP-S
M PR 20%~30%, LAk ARG = TR R ) 15
B, HZERAEZE, £ DP+S &M FIR—EZ 90%~110%,
DCON 5 DOPT AbHE £ 3, ROC & &Ht5E 10.45%.
MR 27 2 M B, B 5 38 RN it AR A B 35 % SOCS
MBC. DOC. ROC F & #F & (P<0.05), WHZLHAE
UG SOC. ROC A& 520 (P<0.001) .

HESWRE (F4), £ RP-S %M F, S
AEPRAHEL, RCON ACFEACA BB E FEFEEL (CPMD W34
WY 23.00%, HAfebrEEREENEZER, ROPT 4 #
Xk EFR L (CPD .« R & (NROC) . CPMI ¥
SEBN (P<0.05), MEIER 26.00%. 24.46% [ 31.00%,
1M ROPT 55 RCON #H Lk, 17 CPI 5 NROC I &3
o (P<0.05), HE0E N 12.50% F1 13.16%. & DP+S
MR, A R F R A S AR AL EE A
FVE2 5 (P<0.05), DOPT % DCON A tt, 7E CPL.
NROC. CPMI fihr FAFEEEMHZR (P<0.05), HEiF
23BN 12.06% 13.08% F11 10.19%; 2 Fh A [&] 1E & 38
R, B CK ZR AR ES, KEIREFE H R B
A ] & # % CPI. NROC. CPA. CPAI. CPMI #5#x
(P<0.05), HAME/ 575 25.40%. 18.04%. 35.57%-
35.37%. 70.38%.
2.3 TIEBUBKRE WFERIIEESH

W 2 frs, KHEIARIBEE 5 R it AR 2 1458
A HUBRAT 10 2 Ak 2 i 355 5% TR 50 140 384 o 17 3 38 FRAT
LA it AR A A REAN B FR A A 38K T oAb Ab 3, HARER
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%18 3 Tt A IR AT IRBHIE K 5% 20 BN A WL (L5 5

MANLEE VY L ERIE 1dIEB &K, M
1~10d iR P, 10d 5B FHRERRE, ALK
Ak T F R S ] S0 R B B A, RS AT AN IE A+
EIEHE (RP-S) Z&fF F LIBHHIRE b K A1E 435~

19.64 mg/(kg-d), TMREFIEHHRBIH (DP+S) 244 F L
AT HUBRE 1k 3 3R 6.55~40.64 mg/(kg-d), % RP-S 1
KLFETF 60.97%. LREKE, ACHAL SESEALAHLL,
AT LA HLRE L 2R 28.55%

R4 TEHERF S EERX IR EEIR RSN

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

EETITE I TR PETE R TasE & TR R i TR P FLIR B
Management Treatment CPI NROC CPA CPAI CPMI
RCK 1.00+0.00 de 10.71+0.23 cd 0.21+0.01 b 1.00+0.00 b 1.00+0.00 d
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 0.97+0.01 ¢ 10.36+0.21 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+0.02 a 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+0.11 a
5 5 ST LIRS AE AT L A 380.14~852.43 mg/kg, MG
we 5 s 0 FHE H+EREIBE (DP+S) 268 T L33 (18 AL vT B 4k &k
¥ Z5 4 795.47~1 306.40 mg/kg, # RP-S #3{ + 3  7E 7] 7 1k
2: 25 BRE 70.53%. AFEMEIEE T, AL IR H %
=% =% 20 . N N N -
£ S Tt AE AT DL 25 AR B AR AT R 12.75%; (2 AN AL B
of SEOMTE feMAF. DCON 5 RCON EL. Tk M4 BT F .
5 0 10 20 30 40 50 S 0 10 20 30 40 50 = 2 2o Bl 28 op2 ki S JE H o
g X8 Timeld g FH Timeld HANGEZ, T DOPT %2 ROPT ‘w84 i 11 15.11%.
a. FEFFANIE HI+ I e b R FF I -+ BB 5 RCK #Hlk, RCON 5 ROPT Hyseie =AM, *

Rotate plow without straw return Deep plow with straw return

B2 TRHAEATSE A LA ARG ik F 095 & T A
Fig.2 Dynamic changes of soil organic carbon mineralization rate
under tillage and nutrient management

KIAAS AR E At AR B R L3 HLRR RARE b &
BRI R 7R R B K B EE LT (F 3, A
T HEE WL B IR SR . KSR 46 d 45T,
FEAT AR IE -+ iE#E (RP-S) 214 N BT 1k &k 5
261.02-456.59 mg/kg, FEFFiLH-RBIHE (DP+S) 4T
SR LR B 354.58~793.08 mg/kg, B 1LER RP-S
B S 36%~T4%. MAFEEIELIERE, RBRG
thEERRIN: RACHEIES S0 AE> A M AR . 4k i
PO A4 G it A L 39 ML SR (b 20 BB =1 25%.

FIH— Rz 12505/, X HEE Y 2801k
BB R IR A AR A Ok R AT AL C=C, (1),
ok ® R RPIHLE 099 LL b, 3 B LA 2R Bl
(5. WFBUEER, BIHAEHLES (RP-S

#i~: RCON>ROPT>RCK, #H/x, 5 DCK #itt, DCON
5 DOPT HRI NI, RN DCK>DCON>
DOPT.

ﬁDD ﬁBD
< ey
£ £
£ )
18 & 500 +CCK 18 & 800 (+HCK
o2 X2
o § 400 -~COPT = § 600
X5 X5
= £ 300 < £
BR 2 E% 2 400
EE 200 EE
=0 =0
g T Z 200
i 100 i
H E H g
2 0 10 20 30 40 50 2 0 10 20 30 40 50
S Time K4u/d S Time K %/d
2 a. REFF/RIT [+ e 2 b. FEFFE H+ERIBE

Rotate plow without straw return
B3 ARRAERI & BT LA A R AH I E 4G
EUSEE
Fig.3 Dynamic changes of soil organic carbon accumulative

Deep plow with straw return

mineralization under tillage and nutrient management

®5 KHTEMMESRRFAEE T LRANKRT LR HFESY

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

po3 L BIERTH b & JAEE L YesE A Tt JE A
Treatment Potential mineralizable Cy/mg-kg " Constant of turnover rate k/d™’ Determination coefficient R? Half turnover period of SOC pool 7),,/d

RCK 380.14+14.72 ¢ 0.020+0.000 b 0.996 7** 29.48+0.81 d

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

ROPT 732.69+14.32d 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+1.71a

DCON 1306.404£32.59 a 0.016+0.000 ¢ 0.994 8** 44.24+0.81 b

DOPT 1156.89+85.47 b 0.023+0.001 a 0.990 9** 29.72+0.60 d

W Co NEHBRAEATH i, k N HIRR R T, AW T,

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

calculate potential mineralization and
TSR HLEK R E S FE B IR 1A) N A B
TAE VTR R A WU EL I, Re 0% S i - S5 [ Bk e )

5mgs . LA PR R A, H R AE Tl .
W 6 s, A7t SAMACAAEMLL, %41
BANK R CR G YRR, FERSATANE H -+ e bt
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(RP-S) M F, KB (RCOND ) HIEA ML
Wk BRI R B3R5 100.68%, UibitiiE (ROPT) 4b
FRPE S 54.08%; TERSFTIE HAARB#E (DP+S) K140 T,
KR SIBEAE (DCON) 34 HLRR RAY (b 2R 53 2
1 13.90%, 1 A 4k i IR ( DOPT) P& K T 10.27%.
DP+S %15 RP-S 2 F ML, 3G MU 2T (LR
FREL 23.59%. SR EW, HREJBEEAELL, 7T
Aot AR AT DA 3 B AR 3 MU R LR, AT LR
TIEERRAE S, MRS FTIE H AR EIBE S RS FF AN E H 7% e
P CARLE, $8m 7 R EEA L B g, 0 1 458 ]
WRe S — e IR IS RCR -
FT6 1EFF 46 d TIEBHKRRIAY LE

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

e FEFFANIE H -+ e Bt FEFFIE B+ F AT
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 ¢
2.4 AN S HIOEMBE S AR RN
HIEEEE

X R AR 2 4y . AR A B AR B S R AL
AL B 15250, ALK R LB AT A S04,
SRR (G 7). L C 5 SR 5. CPMI I
Cy/SOC ¥J 2 i 3 IEFH KK R (P<0.05). 5 CPAI 24k
FIEMFRK R (P<0.01), C 5 SOC. TIEyGM:mR4 5 F1
A SR P B AR B AR R 2 IEA L L R (P<0.01), 5
C, R EHEMFFER (P<0.05), k1HS T, A2 5 BE i
MK R (P<0.01), 5 C/SOC HEEFEMHFLR (P<
0.05), T3 CySOC 5 T, [A]l 2 B3 IEFHKEK R (P<0.05).

®7 IRBNBRT USESTIRELRS EEEX I
Table 7 Correlation analysis of soil organic carbon mineralization
parameters and labile carbon contents

F8#7 Index C, k Ti» 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**  0.482
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** 0.394 -0.718*
Tin 0.198 -0.956%* 1 -0.218 0.870%

T HRIER R SICER P<0.05 I P<0.01 KT 53
Note: * and ** represent significances at the P<0.05 and P<0.01 levels,
respectively.

BTG58 7 PR RUIG AH S F b 1) Ok RABEAT LA, U
HEER: FHE () =8.56, HHE (D) =8, ¥ HH
FEHAE (/DO =1.07, WAHRETRE (GFD =0.90, b
BATEEC (CFD =0.997, H&E#I&FE OFD =0.997,
LR ZE T (RMSEA) =0.064, EREH (K 4),
MR A4 R E R FHES . SOC 5 383 M Ak 41 4
X A HAEEE R, PR R R IR
[ (P<0.01), SOC 5 DOC #2 IF [ {E F{E AN E &, 1
MBC 5 ROC & e (P<0.5); T35 A ik
T S e T B S I B AR R BN R

(P<0.001) . B # T+ 3% ZAH 1k 1 B B2 52
W /N, (H B ZFE BN T SOC (P<0.001) . MBC (P<
0.5) . it B HE X 4 38 BRI b A BN IE a1 U8 AE
ANE 2, % SOC (P<0.001). DOC (P<0.5) & EM
EFAZN, Ak, EIREHEE DOC Xt +i R (b G
VL, R BT 4358 SR 28 7 n) 25 A 3
ANEE . MRS R HHEE T SOC K T3ig
T 2 4 ) 2 5 ) - 438 e ) AN SR AR e

HHEE

it AT A EE
™ FM
(_;e '79***
oY
I LK
SOC 0
QBA‘* ~01‘
0.96%
0.54*
e b - . *  P<0.5
T 0.48* VE R RETiIR 3 0.15 AL LR #* p<0.01
MBC ROC DOC % P<0.00
0 ’ 05204
20 * . 6 2~0.4 —
/% A & & 0.4~0.6 —
Q >0.6 —
006 [T ek Loarrs [ BEw b |
T,n/d C,/SOC
0.74%% - 0.19 —
-0.05 0.05

VE: TM N HHEE L FM it AR 35 1 A sk b i3 ubs i (G 42 R 8K, S St A 3ROR [B1 VA D6 R BB *, #*fllexx 2 HIAR R P<0.5, P<0.01 Fl P<0.001 /KT

.
2.

Note: TM, Tillage Management; FM, Fertilizer Management; The numbers on the arrows are significant standardized path coefficients. The thickness of the arrows
indicates the strength of the regression relationship; *, ** and *** represent significances at the P<0.05, P<0.01 and P<0.001 levels, respectively.

B4 A AUEK R AL B AR AL )tk A O AR AR

Fig.4 Structural equation model of soil organic carbon decomposition and sequestration potential

3 ¥
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AP BRI, BRATEARAL AL, KRS FFIE H+R
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Effect of long-term deep tillage, straw returning and nutrient management
on organic carbon mineralization of fluvo-aquic soil

NIE Hao-liang , YANG Jun-fang , YANG Yun-ma , HUANG Shao-hui , ZHANG Jing , WANG Jing-xia ,
YANG Hui-min , YANG Wen-fang , XING Su-li , JIA Liang-liang™

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

Abstract: Mineralization of soil organic carbon (SOC) is an essential process of biochemistry in soils, which is closely related
to terrestrial ecosystem carbon cycle and global climate change. It is important toadopt reasonable tillage and nutrient
management to improve the carbon accumulation and sequestration potential in soil. With the context of carbon sequestration
and emission reduction, it is urgent to explore the relationship between tillage and nutrient management and SOC stability.
Therefore, in order to clarify the effects of tillage and nutrient management on SOC mineralization in fluvo-aquic soil of North
China. Based on a 15-year long-term positioning experiment of tillage and nutrient management (2007—2022), two main
treatments were set: rotate plow without straw return (RP-S), deep plow with straw return (DP+S), and three scondary
treatments were set: controlled fertilization (CK), Conventional fertilization (CON), Optimized fertilization (OPT), with a total
of six treatments. Soil samples were collected at 0~20 cm depth in October 2022. The contents of SOC and activated carbon
components, carbon pool management index were analyzed. SOC mineralization rate were determined by incubation method.
First-order kinetic model was used to calculate potential mineralization and turnover rates. The structural equation model were
fitted to reveal the turnover and sequestration rule of soil organic carbon under different tillage and nutrient management.Years
of experiments have shown that under the condition of RP-S, C/N(SOC and TN ratio) generally showed a decreasing trend,
while under the condition of DP+S, C/N generally showed a increasing first and then decreased trend. The results showed that
compared with rotate plow without straw return (RP-S), deep plow with straw return (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, it decreased slowdown and until it stabilized. The changes of SOC
mineralization rate were in agreement with the logarithmic function relationship. Nutrient management enhanced the
mineralization rates of soil organic carbon in the fluvo-aquic soils in the following order: OPT>CON>CK. SOC mineralization
rate 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%, while OPT significantly reduced the value of C,/SOC by 22.12%. The
accumulative mineralization of SOC(C,) was significantly and positively correlated with SOC, activated carbon components
and soil carbon pool management index(P<0.01), both were significantly and positively correlated with Potential mineralizable
of SOC(C)) in fluvo-aquic soils(P<0.05). Tillage management, microbial biomass carbon (MBC) and ROC were the directly
factors of SOC mineralization and sequestration potential in soil. Tillage and fertilization management can affect SOC
mineralization by the contents of SOC and activated carbon components, and then impacting soil carbon sequestration
potential. Based on the results of SOC accumulation content, the direct positive impact of long-term deep plow with straw
return treatment on soil carbon sequestration potential had been completely counteracted 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 stability of soil structure and increase SOC sequestration potential and Optimized fertilization
reduce the cumulative SOC mineralization rate of soil, enhanced the SOC accumulation and sustainable utilization of farmland
resources which could be suggested as an ideal management scheme on farmland to optimize the combination of tillage and
fertilization in fluvo-aquic soil of North China.

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