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Abstract: The long-term effects of different tillage practices on soil organic carbon accumulation and transformation in the
black soil remain poorly understood. This study aims to fill this knowledge gap by examining how various tillage methods
affect soil carbon content over time, with a focus on the implications for soil health and agricultural sustainability. Based on
a long-term field experiment of fallow crop rotation (including three zones: crop zone, fallow zone, and mulch zone)
conventional tillage, and no-tillage, the variation characteristics of soil organic carbon (SOC) and its different components,
including dissolved organic carbon (DOC), readily oxidizable carbon (ROC), light fraction organic carbon ( LFOC),
heavy fraction organic carbon ( HFOC), particulate organic carbon ( POC), and mineral-associated organic carbon

(MAOC) were investigated. The results showed that: The contents of SOC and its components decreased with the increasing
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of soil depth, with no significant differences in SOC and component concentrations observed among the 20—40cm soil layer
across all treatments. This suggests that the upper soil layers are more dynamic in terms of carbon cycling and are more
influenced by tillage practices. The SOC contents in the 0—20cm soil layer for fallow crop rotation was 17.33%—21.57%
higher than those of conventional tillage and no-tillage. The ROC and DOC contents in 0—20cm soil for crop zone of fallow
crop rotation and no-tillage were high, whereas POC and LFOC contents in fallow zone of fallow crop rotation were high. T
Fallow crop rotation significantly enhanced the increase in POC content in the 0—10cm soil layer, with less effect on
subsoil, and it increased LFOC content across all soil layers to varying extents. The POC/SOC and LFOC/SOC for the
surface soil layer of the fallow crop rotation were all higher than those in the conventional tillage, indicating the straw mulch
was helpful to optimize SOC component composition. There were significant correlations between SOC and ROC, DOC,
POC, MAOC and HFOC (P<0.01) and LFOC (P<0.05), indicating that the active organic carbon components were
significantly affected by SOC and tillage methods. These correlations suggest that tillage practices not only influence the total
SOC content but also affect the dynamics of different carbon pools, which can have long-term implications for soil carbon
storage and nutrient cycling. Fallow crop rotation and no-tillage methods could significantly increase the active organic
carbon contents in 0—20cm soil layer and improve the proportion of SOC component structure, thereby contributing to the

accumulation of available soil nutrients.

Key Words: black soil; fallow crop rotation; soil organic carbon; organic carbon fractions; straw mulch
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TR XA T PR K AR T T B R B AR b b B 5 ROl AR A 5 2R RN 5 i Ml (125°33728"E,
44°12'21"N) o X & Gl Bt Pk 2 XA S 108 A, AP J40 00 B2 R0 BR800 01k 4.9°C il 2432.9h 5 471
FE7K 516.4mm, FEETAE 4—9 J  WHREHT, K1 071000 I R i 32 2 DL FORGENE R 3 §FE 7 0 248
HEELZERE (1.6m) MBS, TR 2 BT -
1.2 i B SR R A

RITLE T 2006 4F 5 7 RARHHASAEBAME £k, IRXEALHANTR . (1) ARBFFEAE . KZEMBE R 1.6m; K
B AN /INB L R, HEAEE R 0.4m BREE R 0.14—0.15m , FAH B B 6.5—7.0 JT#k/hm” , H—4ERK U | B8 7
R 0.35m K FIARFEFFA P IEBTE 0.4m /NZE 1Y TR AR FE r 8], M0 im0 B R A e AR v B 5 58 AR BFTE 2B 1
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OWRINHE , N —4F B AP BE - — R FPAE (BB 4 0 IRBF 9a, (2) SeifAb 28 . BB R A4, APt s +
5 BUE K FORTE AP SRR . (3) WHUPHE . HAR 2B B AT B IR BE 2R 7.5—10em , il 5 47 2K
PR R R ROUEFEFE 28z AR L, I A ZUIE 180kg/hm® , B AL FIAR AL 34 K 82.5kg/hm* , FE it it
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Fig.1 Schematic diagram of fallow crop rotation
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2.1 SOC &

AFHHER T SOC SR ANE 2 Fis , BRIRBHEEFE A1, & Ab 3 SOC & =B i # A h —3,0—
10ecm R 2 HET B, HRZE 20—40em REWN FEE FEEH, 0—10cm 2 SOC & &K 16.66—
23.90g/ kg, 75 AL HE SOC Fr i A 3 25 5% s HH e 35417 SOC 7 i d5e =y , 43 FL AR Ay FAOR IR T 75 i g
39.12%F1 46.66% , 3T b FHHEF bt 17.33% M1 21.57% . 10—20cm (RFFHEE/EFEAT SOC & &5, B

P ==y

F i ORI S0 5 5 UBRVE R0 G B L BEAH LU EBAT W .25 5% . 20—40em # HUBFE SOC & & i
{ELASAb BB 5 1 22 57

40 - + B E/cm

AP

Soil organic carbon/(g/kg)

L NG B HHLBEAE Sk
A FI#EAE J R Different tillage methods

B2 FREMEAXT SOCEENH

Fig.2 SOC content distribution under different cultivation methods

2.2 SOC MWtk

253 4 E BRI EE DOC A ROC, ARIFHER T 148 ROC Fil DOC & W E 3 Jin , i + 13
TREERYIE N, ROC & it ffi 5 VR FE 8 i 5 PR %, 0—10em 3 ROC & ik 905.25—1109.73mg/ kg, G #f
ROC &t fiemy , o0 B LAY AR RS 7 55 LR B =5 0.27% . 10.34% ,22.54% F11 2.53% ;10—20cm +
1 ROC & HH{E A 716.86—832.59mg/ kg, T w54 ROC & A%, 40 9 L AP AL AR KPR | 3 B0 ARVE N S B
11.82% ,12.39% ,13.90% 1 5.04% ;20—40cm +IEFIAEHF ROC & fix e, HoUR =78 3570 AR AUBEIE , S ik &
EAK,

Bt IR BERE TN, DOC & A B R R #H, 0—10em +3E DOC &4 196.56—298.21mg/ kg, IR
BAEMRLH DOC & i, 40l l AR N 3 357 % IUBHVE F e Bk & 51.72% .4.52% ,27.97% F1 47.58%
10—20cm F-4 DOC & &#AH A 109.67—188.58mg/ ke , KB VEIRINHT DOC & 5 A%, 2 B TRy 7 55
MW W EHER S 40.19% 36.60% 37.21% 1 41.84% ;20—40cm 3% FAHEALBE DOC & i, HORIk
PRI A 67, Sk DOC & ik,

2.3 SOC fkifesral

RAR T SOC 4328 POC (RiAE>53wm) Al MAOC (Rife<53wm) . HI I 4 AT, Bt 3R i34

POC B R FRE#aH . 0—10em T3 POC &0 11.45—15.36g/ ke, RIFAFHY POC & 5 i, 43090 e A A
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Fig.3 ROC and DOC content distribution under different cultivation methods
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i 1.30—9.19g/ kg, R BFASAE b (0 8 55 15 & & de s, 0 ) e A A Y AR IR A B BBV A o Bk Ak 2 v
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SRR GBI, IR & R A,
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B4 FAEHEAFXTH POC F1 MAOC SEHH
Fig.4 POC and MAOC contents distribution under different cultivation methods
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AXF Rt 22 ¢ AT, B SR BE YN, POC/SOC {H 5 F R ETHRy %, H 20—40cm 1Y
POC/SOC 21K /T 0—10cm, 0—10em +JZH1, POC/SOC A3 BLNAR IR > FARHE > S k> 3517 > 1 #
HHE ;10—20em £ )21, POC/SOC {H K BN K R > 7 35707 > e ¥ > 5 BUHRVE > FPAE Y ; 20—40em + 2,
POC/SOC {EZRI K AR > 5517 > e b > FAE A > 5 BAFE . 0—40em 3 POC/SOC fHE 1k - RN
PRBFEEAE b B9 OR PR B, 5 RV AL B A AR

®1 FE#EHRTH POC/SOC FH{E
Table 1 POC/SOC value under different cultivation methods

;ngjiﬁfziith 0—10cm 10—20cm 20—40cm iﬁﬁji;lﬁijﬂ:ijith 0—10cm 10—20cm 20—40cm
A Crop zone 0.788 0.309 0.525 HHUBEE Conventional tillage 0.562 0.417 0.512
PRIFAT Fallow zone 0.922 0.602 0.644 G Bt No-tillage 0.753 0.497 0.608
78 554 Mulch zone 0.615 0.527 0.617

POC UKL A MLk Particulate organic carbon;SOC HEH HLEK Soil organic carbon

2.4 SOC % s

YR 2H (5 4 DEE SOC 4328 LFOC FTHFOC,, FIE S 7T %0, Bl 3B 34 N, LFOC. ) 75 &5
FRE#EHE, 0—10em +3EH LFOC 2N 2.16—4.40g/ kg, HoFPRINATFAY LFOC & fie i il 35 4.40g/ kg, 439 Fe b
R S E B E R B 23.94% 23.25% (103.70% ,12.24% ; 10—20cm + 38 8 BLHEVE AL 38 rp ()
LFOC &A%, MR TRk AR K R B 551 A bk 93.04% . 136.52% .126.96% ,112.17% ;20—40cm +
Herh GBRAbEY LROC B 8 fi i, LU= 35y PR | 5 FUREIE b B0 5 de A1

HFOC #5341 Fifi = SR B (3 i 2 TR 3, 0—10em 48 HFOC &5k 12.22—20.33g/kg,
HH B340 HFOC & & fmy , 43 | U RIEHE ORI i BV E NS Bk &5 49.16% .66.37% \11.64% 29.16%
10—20cm +3Er 4 3547 19 HROC & it e fIX, 43 IR TR Ay IR IR AT 8 FUBRVE Fn e F 155.63% .8.55% |
102.38% .55.11% ;20—40cm 3 | F MAHFHE R HFOC & &8 5, ok 2 b Al At B b & &
A,

FREEen = 010

10—20 |:| 2040

BAFHER
Light fraction organic carbon/(g/kg)

HAFHLIR

Heavy fraction organic carbon/(g/kg)

A K R L Sl
A FE#HE TG 3 Different tillage methods

E5 AE#EARTH LFOC #1 HFOC 8247
Fig.5 LFOC and HFOC contents distribution under different cultivation methods

LFOC J2 b St P v il PR R R Btk , 2 b S P2 ) T L8 A, 0o SOC PR A FL A T SOC JAE Y JBt ik #55
RN SR 2 B 7E 0—40cm 1 )28 A, %4~ £ 2 HROC & B, o5 SOC 19 70% LA L, & LBF
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YEALEE) LFOC 43 Ee B &R, IR IR P B LFOC 43 B fE ¢ = . 0—10cm + /2, F AL H A LFOC 43 Fic {5 3¢ B
AR > FAE A > S #E > 3 25 45 > BV, 10—200m 40 522 30 10 AH U A 5 20—40em + 2, 45 Ab 1 (1)
LFOC 43 EC B R BN B T s > S b > FIAEHE >R R > B HLBEE |

*2 ARE#HMEARXT LFOC 1 HFOC 7 SOC Y43 & L 61

Table 2 Distribution proportion of LFOC and HFOC in organic carbon under different cultivation methods

M TR 0—10cm 10—20cm 20—40cm
Soil profile depth LFOC HFOC LFOC HFOC LFOC HFOC
FAEF Crop zone 0.206 0.794 0.093 0.907 0.179 0.821
PRERHE Fallow zone 0.266 0.734 0.230 0.770 0.172 0.828
B Mulch zone 0.149 0.851 0.237 0.763 0.189 0.811
W HHEE Conventional tillage 0.106 0.894 0.063 0.937 0.072 0.928
Gk No-tillage 0.199 0.801 0.157 0.843 0.188 0.812

LFOC 4 A Pk Light fraction organic carbon; HFOC 204 HLA#k Heavy fraction organic carbon

3 it

SOC % bl + HEUR B A B I AR 2 Rt 3 IRBHRE VR 36417 SOC & i 7E 0—10em 3R)Z= & ht s T L
M Ab PR , F2 TS T L — AR R A R E RS AT 40 I B, (R KBRS VR R R T AR IR A (K T S Bk A
BB, X S50 IR D BT 45 SR, £ B i T AR MR ER U T 20 1—2 4RO RE AT A0, TR AEAE
TR AW BRI W) KAk o e i A R IERTEL, #F 10—20em 3P RBHRAERE Y SOC & it fie
TR AP VEXT 0—20em F£JZ SOC A — @R AL, X ST A" i ge 45 A — 2k, KBk 1k
XF 20—40em HZE SOC B A7 BB AHE THE] , 20—40em +3E% HUEHE SOC &8, il A2 o MaHE
A B VR B SRR AR VE T I 5T ) o A e R TR AL

ROC 1 DOC S 3 rp {3 P2 40, 6 38 () AR A R R, ] 7 = 498 rp Mk 8 | mT AR S 48 i A8 b
ITEM R, 0—10em T3 h B FRBHS VERIRE ROC & 1 T MU | 117 10—20cm -3 rf i BB
1 ROC & & fie i , 32 FH T RBHAS VR A kb B AG FEFTHERZE H R 2 B MBS VR sk 22 R A LR 1A
52T 5EMIR, 115 0—20em ROC % #4301 LA 51, DOC & fE Al 2 U1, IRBHR A R S b X 0—
10cm DOC &= HATHEM , (HX} 10—40em DOC A R,

LFOC J& - 3ERR 15 P4 43, 5 B A 0 o S LD, ok AS T kA i i 7 A, o A o 4 BRI 122 I A9 T
AR HFOC JEE5 R 2%, RO M o g R A B9 SOC R&e 414y, vl T4 % SoC [ fetene, ©F
FEFRW, LFOC 5 bl - HEVR BE (038 I I AR, 3282 2 R AR 4 B A R 2R 7 = 3950 1 b 43 A Do B9, M0
TRFIAR R T B R AT IR 2 X Sk ER S N IIFSE— 8, AHSEBFIT 2] P Ve it A i 2 i 0
e 3% LFOC \HFOC Z (8] i sh A 5646 ) . IRBRA /R RS bk 24 T 48 &5 - 58 LFOC & &, H LFOC/
SOC {H# IR b m % BHE , RIAUBHE VB R BEA R T SOC M1k, SO H BUBHEFRSFF 2T, SoC 38
FIFNTE, SR T 38 ARG LFOC 19 BRAL G VE FHREAC, RS AT I8 H 52w A 0 250 Bt v 3 im 17
SOC K HAm P4l 4y i, HEMI = T LFOC/SOC 5™,

POC BN & 16 A BB PR 1) 8 2 BT o3 T A, A 30 b ) S e sl B Lt S5 3R 2 L3R W)
FRARF AR 2400 BB A, MAOC B 2 KR WA DL AL 5y, i TH ST W 45 & DL /N R 4
AR FE > G ISR O LAR B LT-45 R A5 Bl OS2 R b i ek 2D . HAT R MAOC/SOC
(B Ea HUTE MRS, R 5 Bl A= 4 BT R, o A — 52 R B 1 EAG 8 ML I 1 B [ B vk 47 i 1
POC/SOC {E 3 8 B) A HUTE 5 T 6> A58 45 949 POC/SOC (B & (A i 5 , FLIR A 3 2R AE IR
R e 45 v L5 AR B AR AR EAE FH DA S AE YRS AT 7 3538 AR POC I9TE B S A e 1 E gl e v o 5 BUBRE
0—40cm 1 POC/SOC Bk LA T H AL HRL , FTRESEAS AT 25 H , SOC AN EIA Rkb 78, 3F HLBHEL #2 T
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BRI POC ARV 1 55 5 10—20em 3% POC/SOC {E K T 0—10cm 1 20—40cm -
J2, TRESE T 10—20em JZ2 B A FE B3 3500 R R i /D riE s, Hod 3 35747 POC/SOC {ETER
FEAC AR AN S i Ab B b A A 0 ARG AT 7 25 B AR A T SOC 88, (B IE il POC 1Y 3 5 - 1 A SR AR AR Broadl 7 —
SE AR PR, 26 BAAS FHAA H [ 852 — R i 72

AR 53 DA K5 35 7K 22 0] () Pearson AHIEIE R ANEE 3 BTk, SOC FEITAT AT HLAR 41 7 45 5 i 25 1k 1E A
K (P<0.05) , X—E5 BB TS RYEL fb2230 e AW X R A HLBR 4 4, Ho i AR KRR Gk T
SOC fig ' . ROC.DOC LFOC 5 MAOC HIHI &K R AR E, F/KFE ROC Al POC 2 [A] 5 i 3 1 IF A ¢
(P<0.05) , ] g & 7K B R ) 9Bl A= W O 1, a0 55 M 96 M LB 75 i,k 5 MR A T A B 9 e —
I,

*3 AERAN AR EKEZEH Pearson 18X HT

Table 3 Pearson correlation analysis between different carbon components and water content

;}};ible S0C ROC DOC POC MAOC LFOC HFOC Mf:lijji(/)zent
SOC 1 0.717** 0.787 " 0.721*" 0.695 " 0.519" 0.983 " 0.102
ROC 1 0.794 " 0.877" 0.124 0.742*" 0.626 " 0.596
DOC 1 0.842 " 0.262 0.646 " 0.723** 0.441

POC 1 0.003 0.864 " 0.605 * 0.541*
MAOC 1 -0.148 0.791 %" -0.414
LFOC 1 0.355 0.499
HFOC 1 0.005
277K # Moisture content/ % 1

ROC 5 &AWL Readily oxidizable carbon; DOC & #1445 HLHK Dissolved organic carbon; MAOC #7445 & 2545 HLEK Mineral-associated organic
carbon; #* 7 0.01 Z OB ) ARG, = 75 0.05 ZLi (BUR) , M 3%

AHE T H B E R a8t RS/ T 0—20em SOC &, %t 20—40cm SOC WSS % | 3R
AT PR R 2 SOC F b AR R 4R R, MAHAR)Z SOC S/ A mE ™, BHE/EX ROC
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