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Effects of tillage practices and organic manure on soil organic
carbon and crop yield
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Abstract To investigate the effects of different tillage practices and organic fertilizer application on soil organic
carbon, active carbon components, and crop yield, a field experiment was conducted from 2022 to 2023. Split-

plot design was adopted. Four treatments deep tillage (D), deep tillage with organic fertilizer (DM), rotary tillage
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(R), and rotary tillage with organic fertilizer (RM) were set by taking rotary tillage (R) as the control. The impacts
of tillage practices and organic fertilizer application on soil organic carbon (SOC), its active components, carbon-
related enzyme activities, soil carbon pool management index (CPMD), and crop yield were examined. The
results showed that: 1) Tillage practices and organic fertilizer application significantly influenced the soil organic
carbon pool. Deep tillage significantly increased the SOC and active carbon components compared with rotary
tilage, while organic fertilizer application significantly enhanced the SOC and active carbon fraction contents
compared with non-application (P<<0.05). The SOC content under the deep tillage with organic fertilizer
treatment was significantly higher than that under other treatments, which was significantly increased by 10. 18%
compared with the control (£P<<0.05). 2) Tillage practices and organic fertilizer application significantly affected
soil carbon-related enzyme activities. Deep tillage significantly increased soil carbon-related enzyme activities
compared with rotary tillage, and organic fertilizer application significantly enhanced these activities compared
with non-application (P<<0.05). The soil catalase (S-CAT) activity in the >>20-40 cm soil layer under the deep
tillage with organic fertilizer treatment was significantly higher than that under other treatments, significantly
increased by 15. 40% compared with the control (P<<0.05). 3) Tillage practices and organic fertilizer application
significantly influenced the annual yield of the wheat-maize double-cropping system and CPMI (P<<0.05). The
deep tillage with organic fertilizer treatment exhibited significantly higher values in both parameters compared
with other treatments. The annual yield under deep tillage with organic fertilizer increased by 9. 40% compared
with the control, while the CPMI increased by 28.50% (P<<0.05). 4) SOC and its active fractions, carbon-related
enzyme activities, and CPMI were significantly positively correlated with the annual yield of the wheat-maize
double-cropping system (P<C0.05). Carbon-related enzyme activities showed highly significant positive
correlations with SOC and its active fractions (P<<0.01), and CPMI was highly significantly positively correlated
with carbon-related enzyme activities, SOC and its active fractions (£P<<0.01). In conclusion, deep tillage
combined with organic fertilizer application can stimulate soil carbon-related enzyme activities, promote the
accumulation of soil-active carbon and organic carbon, and enhance the carbon pool management index,
thereby achieving the dual goals of increasing carbon sequestration and crop yields.

Keywords tillage practices; organic manure; soil organic carbon; yield; carbon pool management index
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/N Wheat F K Maize /N Wheat
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DB DM : B B A HLIE s R BEBE s RM: BEBFIE I A HUIL . AR/ Sk 328 AS [a] b B H) LA B 35 22 5 (P<C0. 05) o A+ 43 il R
25 BH (P<0. 05 AW B HE(P<0.0D) ,ns /R ZEFABE . T HHETT MG A HUL; TXM:BHETT X SEILE TR . TR,

D: deep tillage; DM: deep tillage with organic manure; R: rotary tillage; RM: rotary tillage with organic manure. Different lowercase letters
indicate significant differences between different treatments (P<Z0.05). * and ** denote significant (P<C0.05) and highly significant (P<Z0.01)
differences, respectively, and ns indicates no significant difference. T: tillage practices; M: organic manure; T >XM: interaction between tillage
practices and fertilization. The same below.

1 AEGETEDRAHLEFNR(SOC)EE

Fig. 1 Soil organic carbon content at crop maturity under different treatment
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Table 1 Interaction analysis of the tillage practices and organic manure on soil active carbon components

+JZ/cm 1EY) Ak 7 MBC % & POC & &t EOC & &
Soil layer Crop Treatment MBC content POC content EOC content
T ns ns ok
/J\i M *x * * %
Wheat
TXM ns ns ns
0—20
T ns * ns
Tk
Maize
TXM ns ns ns
T ns ns *
INEE
M ok k ok
Wheat
TXM ns ns ns
=>20—40
T *ok ns *k
Maize

TAXM ns ns ns
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Qb HLCP<C0.05) , B % B2 R 4 S 3 1 T 23, 15% .
15.31% F110.12% . BL4b, i 47 HL AR 42 A it 47 AL
fE MBC. POC #il EOC % # 4l & & & & T
28.21% .7.92% F111.31% (P<<0.05),
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Table 2 Active carbon components under different tillage practices and organic manure treatments

EE/em  AEY Ak 3 MBC # & /(mg/kg) POC 7t/ (g/kg) EOC & /(g/kg)

Soil layer Crop Treatment MBC content POC content EOC content
D 242.62+10.45b 3.3440.02 a 1.89£0.05b

INFE DM 352.07+19.71 a 3.5640.03 a 2.0240.03 a

Wheat R 252.56+37.23 b 2.504+0.20 ¢ 1.81£0.03 ¢

RM 361.8149.36 a 2.97+0.15b 1.97£0.03 a

o= D 252.7+5.12 ab 2.4940.04 b 1.59+0.05 a
Tk DM 267.13+6.28 a 2.72+0.10 a 1.66+0.03 a

Maize R 233.95+16.27 b 2.50%+0.08 b 1.48+0.03 b

RM 265.91+23.32 a 2.6840.06 a 1.61+0.08 a

D 61.545.44 ¢ 4.32+0.36 ab 2.8440.01b

INF DM 95.6442.13 a 4.73+0.11 a 3.1440.05a

Wheat R 57.9140.94 ¢ 3.9540.41b 2.6540.03 ¢

2010 RM 80.54+3.04 b 4.43+0.28 ab 2.8940.05b
D 55.15422. 69 be 4.41+0.16 b 2.6740.06 bc

E oK DM 95.62+4.19 a 5.124+0.10 a 2.82+0.03 a

Maize R 31.97+6.01 ¢ 4.16+0.09 b 2.65+0.03 ¢
RM 62.854+7.91b 4.8940.25a 2.7540.06 ab

Y B MUR R 775 B 37 2 53 5 B (P<20. 05) Al 5 B 8675 22 5 K 3% (P=0.05), Fl.
Note: Within the same column, different letters represent significant differences (P<Z0.05) , while the same letters represent no

significant differences (P=>0. 05). The same below.
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2 /N ZE R K ZE S-SC I M it A HLIR Y B 5 T
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1 TR B (P<C0. 05) s Horh /22 Z K 2 RM X
FEZH R 2301 i 3 3 5 98. 7% M 75. 8% (P<< 0.05),
=>20—40 cm )2, /NEZE S-SCIi 1 DM . %5 T H
MAREECP<C0. 05) 5% FRAL R ¥ 17 47. 82%,
2.3 HEFXFEVIEAEI T 15 CPMI &Y

Hr 2 3 T 0, BFAE I Rt A HLAE K 22 B4R
FHXF /N A2 25 F oK 22 CPTLATFI CPMI 34 B A i 3%
(P<<0.05) B M i 2 (P<<0. 0§ m . W3 4 FR,
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Fig. 2 S-CAT activtity at crop maturity under different treatment
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Fig. 3 S-SC activtity at crop maturity under different treatment

Jita A7 HLAE 7N A2 22 0 E oK 22 CPTLAT AT CPMI ) I 2
BT AR A HLIE (P<<0. 05) , DM #H b D &b B /)N 3 2=
1 K 2245 1 #2520, 6 Y0 A120. 9% , RM A L R Ab
BN R K3 BB R 116,500 A 24.4%

/NFE R E K ZE DM 3 8 3 i 1 A 4% b B (P<<
0.05), 4% &b 3 CPMI H = ML K iy DM>RM >
D>R. CPMI/N Zfil kK2 DM M EE R Ab B 4y
W R T 25.8% F132. 7% (P<<0.05), 1Ak,

£3 MEAIXFMEIEX LT CPMIKEES

Table 3 Interactive analysis of tillage practices and organic manure on CPMI
(27 4k 3 B JiE 45 £ B S AR R BR BB LR A
Crop Treatment CPI Al CPMI
T k3k k% k3k
/‘l\ % M *k * % *k
Wheat
T kK K3k 3k3k
5PN
Maize
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Table 4 Soil CPMI under different tillage practices and organic manure treatments

(&7 Ab 7 T i 15 50 B PO B RE R R AT BIAE B
Crop Treatment CPI Al CPMI

D 1.05+0.05¢ 0.94+0.02 ¢ 92.23+£3.58 ¢

I DM 1.424+0.10 a 1.3540.08 a 116.30+£6.22 a

Wheat R 0.8240.01d 0.75+0.06 d 86.41+2.35d

RM 1.23+0.07b 1.1840.03 b 103.22+2.47b

D 1.04+0.03 ¢ 0.8340.05¢ 87.10£5. 14 ¢

F ok DM 1.34+0.09 a 1.2840.07 a 110.18=+6.21 a

Maize R 0.764+0.01d 0.6240.03d 74.20+6.28 d

RM 1.18+0.06 b 1.074+0.01b 98.274+4.01b
2.4 HHEF TG HLIE L 2 3HEY 7= 2 8 %0 (P<<0.05), D A b R Ab L, /N TN K = 2 K JR AR
HY 3% 5 AT, AR O =X it A LIS B H A H A = ) R R 2.6%.3.1% il 2.9% (P<

FH ¥ 88 3% (P<<0. 05) Bt & 3 (P<<0. 01) 52 i /N 2% 0.05) . Jita F A HLAE 7T s 3% 42 & AE 9 7 i (P<<
A K™ & N R AR R . W3R 6 T, DM Ak B/ 0.05), /INZZ Fl F oK 7= s e JELAF 7= 5 DM M L D Ak 2
2R K W R AR P O e, B T Oy I PR 6.2% . 7.1% M16.7% , RM A Ht R 4b 43
b Ab B (P<<0.05) o VRl AL HE @ 35 $2 v T /R4 it S 2.3% .8.5% M 5.5% .

x5 BHEAXMANENNENEXRFERAFEFENEESNT

Table 5 Interaction analysis of the tillage practices and organic manure on wheat and maize yield and annual yield

Ak 3 INFE T ES S Jal AR 7
Treatment Wheat yield Maize yield Annual yield
T Kok ok ok
M *ok Hok *ok

TXM ok * *

®6 RREBEARMANELE TIERNEKNFEERAETE

Table 6 Wheat and maize yield and annual yield under different tillage practices and

organic manure treatments kg/hm*
b 7 INFE FoK J A 7
Treatment Wheat yield Maize yield Annual yield
D 9037.32£64.93 b 9 035.73+73.68 ¢ 18 073.054+138.61 ¢
DM 9639.75+104.88 a 9724.19£1.30 a 19 363.94+106.18 a
R 8804.17+24.17 ¢ 8 751.534+19.30d 17 555.70+43.47d
RM 9 007.00£21.68 b 9566.17£0.99 b 18 573.17£22.67 b

2.5 HHEARMENIELIELEESOCKREFHKRA 0.05), 148 SOC & & 5 I ik 21 43 7 &= Fik AH 5
4 R XEE .CPMI S B E =2 HEXES T il 7% PR 2 S A 3 IE AR 56 (P<C0. 01),CPMI 4 4 1
H 2 7 AT, JE AR 77 i 5 3 SOC e H % 1k 4 SOC K 41 43 5 1 FURk AH G B 06 1 15 2 0 & 3 0F
A3 R B AH GRS M CPMIT &2 3 IE A 56 (P< HE(P<<0.01),
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Table 7 Correlation analysis of SOC and its active carbon components, carbon-related enzymes, CPMI, and annual yield with

different tillage practices and organic manure treatments

ffdt]; Ajfniifld SOC MBC EOC POC S-CAT S-SC CPMI
Jil 48 77 i
Annual yield 1000
SOC 0.859™" 1. 000
MBC 0.946" 0.982" 1. 000
EOC 0.856™ 0. 646" 0.633" 1.000
POC 0.984™ 0.980" 0.975" 0.792" 1. 000
S-CAT 0.968" 0.826" 0.965" 0.834" 0.989" 1.000
S-SC 0.698 0.895" 0.885™ 0.885™ 0.932" 0.911" 1. 000
CPMI 0.985" 0.949" 0.974" 0.804" 0.985™ 0.998" 0.955" 1. 000
RN 3.2 HHEAXMAYV X LSk XEBEEN

3.1 HEARMENEN T EENREERAS

BENHIN

I REAA S0 UE 2 A HLBR A G v A HLER 5 &
BN, H0—40 cm L2 N BES L, A
TfF 9 235 S5 3 T, U A it FF A MLAE 0—20 em 4 2 4 4§
A LB B i M e 4 4 3 T R T A HLAE , D
5 R BE 5 i B AR AR HEAE AR AR SR L2 TR
TREFE S 00 58 1B, LR B AR AR 2 SR B
OO AR TR R G202 A R R R B A3 i 5 T
AR R IR ZE i DA R 2 + 5 h B AL HE 1 SOC
T EREAL B, RN T >20—40 em £ 2 £
AT MURK K FL0E A MURK & &5, B T IR B RE s/ +
B SURE BR AR ERJZ  E 2 E R R 5 TR 2 R OK BE
AR R S BATR 2 e A L3 T, AT
5 1 B2 T L AR 2 A% B A R PR A L
WAL o 54k . LAk TR B 0—35 em #F )2 + kA7
B, AT A R TR ZE A T, DT R i 3 A B
B 4 3 S AT HLRs S . it A LA AT 3 3 n 4
AT LR B B2k 0 2k e e B2 A HLA TE AL AE
C il e, 2 34 A LA 20 43 5 i, DA 5 ) 1= 1A AL
iR 0 2 AL AN 2 ASHIE 5 et FH A HILAE Ak B - 45
A LR K H s PR 4 40 W T R i A HLAE b
B, R T A A HLAERE AT b - S A R B4
M3 1R Rk TR RE TR R A R A R K S A R T
HoAE Y0 M KO B T T A LR, B2 T
PEBR 4172 DOC A MBC #4579

A

WEG LIRS G, LR R W2 e L
ST SR R 02 IO A A R R U e
il 12 fiph 31 T8 22 B9 S0 SORNAT BIL ST, DT 43 W B 22 4 3
Tiff Jin T = R G RV AR B gE TR B A AL
JE=>20—40 cm -+ 2 70 B A1 O Ak S TS MR T
HoA A B oy TR B RE A VR WL AR 1] TR )2 A SR A %
RS WA RE TR s A ) 25 A 4 T 3 58 1 S A=
TP X i S M BURAE R A L
AE % D 72 4 HE ) B AR 2 R v 2 A W RE S L RT RE
L8 A R O il O PR R R AR B ST A SRR
Jit FH A HLAE 2 3 48 T 4 3 e AH OC i 3% Pk L 3 5 R 1
TR I 5T 45 B — B0, MR AT A LIS S B
AW AR LT G B A TR, 2 B R T A R R OC Bl T
PEo eAh A HLIE G o 5 0 - R U A A%, £ HEAR &R
SRR 2 ST T UZE YT T X S A R T A g
e A G I P R 2 T ok — 2B TR B T it
A HLIC BE % kAR + ) BN b 22 4k K B A W TR
AT 34 S e A DG Tl 0 3 R o SR AR SR R R
KZ==>20—40 em + 2, FERE RIS PRI RIS B R A
HLAE ) K-, 3X 0T R T HLAC BB A% 7 + 38 b AF fE 48
T ], DT 38 b BB A5 TS 32 AT MLAE A s A 0 i
W4 Z | TN 2 e AR A SO Rl U LR 55 R0 G AH O
F1R) A 52 Bl 2 ek 2, S SRR AR A T AR
3.3 BMEARMENENNEZEMEXKFTER L1

ik FE B B HE H A R T

HEAE® B bt A =L b R R AR A R S
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5 7 B R A BIE T IR B A ALIE /)
A TR B 3 TR E AT MLAC AR B X
e O TR BT AR = A B T AR AR AR 1 TR AR
KRB LR )Z R 2 55 03, R AE K R & T
IR I gy, R R T T R R R
PER = 5 AR 4 R R WY, - 0 M ik 2H 53
B /N A M TR SR AR AT SR AR OGO R L MR
5 D) A A HLER A R RURL A BLRR 2 IR A G
VLI A HLAR AR L AR T AR R
I AR ST it A HUAE Ak BN S D K
P80 2w TR A ALAC AL B . 3= I e A
PURE J& A L3 Il 5 (i R a3 R Ak IR, A M 1
Tl A W A AR bR S AT L B o3 A e i
I o BERCAE Y e e Ah A HLAC I8 6 & 22 Fl i
HIOT R A U AR T, 2 A R 2 ]
PR T 7 ) ) R I A A RE S v RS R
TOCR AT 4 G s S SO, TR R LR 1Y
AR T A VR e PR A B S AR
JE S R - S B 2R 2l A e SR A AR 4 B L B
B RS A BILRR e 5 RRCRIRR 128 G T 4% % D) AR
5%, ] LB e - A HILRR 5 R R0 5 I AE O AR H
itk 161 7 4 AU A AR AR A9 A B, A B
K5 A BB B J2E i JORI B 128 15 J38 249 4 35 TE A5G, B
B 2 A7 LA 05 A P 1 2% Ak AR A AR —
B, HLI B A HUAC B B 22 A BRI 3 e T
flb A B 33X AT RS Hy T I Nt A BILAE X AT Ak
BN LA LB A5 AL 00 5 A, FLREAE ik R MOE B,
B e e MR T P T R e A R AR
e Ah A BT 5T 45 Ak B0 A ) 57 i i A B4 R
FIEMISC o B R4S RS RO A A T 4R 1 R
PR R R P B G R T sk E 7, DA T 8 o = AT T, A
—EFRPE b STV I AR AN

4 &

TR B0 45 A it B A ALAE (DVD & 3 82 8 T 0—
40 em 4 )2 A HLAKR KIS PRk 4 43 (EOC \MBC |
POC) & & , 158 1 o 480 Th S T R W i 05 1, T 12
FPR T T A AR B /N EE RN K i R AR
o TS it A HLAE AT A& 1 SRR A G il TG
P, PR TR TR RS E M R SR ik A
Rk A S T, S B I BR S VR B R
PRI 4 T, S AR b I 22 R W X4 i A BL B

AR 7 B B0 A BRAR i, O 12 DX Al ] 47 25
K FEARME T A R AR B

S Z Bk References

[1] #Mipsk, 4%, MM, MPE, Sk, XIEE, ST, BFR. 1961—
2020 F L FFEENE-BEERERKENRERFENZZURHME ] FER
b K2, 2022, 27(1): 26-37
Zheng SR, HuQ, HeHY, XingM Y, Gao HR, Liu Y Y, Ma X Q, Pan
X B. Temporal and spatial variation characteristics of radiation in winter
wheat-summer maize growing season in the North China Plain during 1961-
2020[J]. Journal of China Agricultural University, 2022, 27(1) : 26-37 (in
Chinese)

[2] Tian S Z, Ning TY, Wang Y, LiuZ, LiG, LiZJ, Lal R. Crop yield and
soil carbon responses to tillage method changes in North ChinalJ]. Soil &
Tillage Research, 2016, 163: 207-213

[3] SkfBfE, Fhiln, $REAR, K%, FEME. @RSBEEATHERE LK
BERRTALI]. ERLBEE, 2014, 47(23): 4648-4657
Zhang X B, Sun N, Xu M G, Zhang W J, LiJ W. Soil organic carbon in
agricultural soils in China under global climate change [J]. Scientia
Agricultura Sinica, 2014, 47(23) : 4648-4657 (in Chinese)

[4] DO, BEX, KiE. FTELEBEFTEN LTEFGNBREEETENZMER
[J). SIHRAR =, 2021, 49(3): 53-57
Ma N, Chen Z W, Zhang Q. Effects of different types of straw returning on
soil organic carbon contenes and enzyme activity: A review [J]. Jiangsu
Agricultural Sciences, 2021, 49(3): 53-57 (in Chinese)

[5] CaiAD, Feng W T, Zhang W J, Xu M G. Climate, soil texture, and soil
types affect the contributions of fine-fraction-stabilized carbon to total soil
organic carbon in different land uses across China [J]. Journal of
Environmental Management, 2016, 172: 2-9

[6] FEX#E, HFER, Tmm, BBk, BR@T, =R, S50, 48 . TEHHE
FA L IRAYERT R EHE R[], THER, 2020, 51(4) . 876-884
Wang Y H, Xuan Q X, Wang L L, YangD L, ZhaoJ N, Li G, Xiu W M,
Hong Y. Soil organic carbon mineralization and soil enzyme activities under
different tillage methods[J]. Chinese Journal of Soil Science, 2020, 51(4) :
876-884 (in Chinese)

(7] ERES, BFME, iK%, BA, ZHE, TER. £HNNE - EXRAERK
EHEMERENTESRRAZMI]. EWFER, 2015, 41(3): 468-478
Nie LP, GuoL W, NiuHY, WeilJ, LiZJ, Ning T Y. Effects of rotational
tillage on tilth soil structure and crop yield and quality in maize-wheat
cropping system[J]. Acta Agronomica Sinica, 2015, 41(3) : 468-478 (in
Chinese)

[8] LuoZK, WangE L, Sun O J. Can no-tillage stimulate carbon sequestration
in agricultural soils: A meta-analysis of paired experiments[J]. Agriculture,
Ecosystems & Environment, 2010, 139(1-2): 224-231

[9] Kuzyakov Y, Xu X L. Competition between roots and microorganisms for
nitrogen : Mechanisms and ecological relevance[J]. New Phytologist, 2013,
198(3): 656-669

[10] k&%, selem, RIRAT, SEEM, BIEE, Bk, RBE. AVEESH
EFXMBERELRARGTNFNRAS WM. PEESRLFER:
R, 2020, 28(3): 405-412
ZhangZ Y, Xiong G Y, WuM Q, Fan X P, Feng T T, BaR X, Duan S R.
Effects of organic fertilization and tillage method on soil aggregates and
organic carbon fractions in a wheat-rice system[J]. Chinese Journal of Eco-
Agriculture, 2020, 28(3): 405-412 (in Chinese)

[11] fARIb, ZE3%, BERMS, MK, BRI, NFAR, T=Fk B4EF, TER,
ERE, TH. KERHERAIHEEEY RNV EBTARGRNE-E
KEEMaImY]. R TRZE, 2024, 40(7): 161-171



%123

WA AR . B 7 ORI HUAE XS R A DL B A 4 7k B4 52 21

[12]

[13

[14]

[15

[17]

[18]

[19]

[20

[21]

[22]

no
w

[24

[25]

HeJS,LiXM, Wei YP, GuoHZ, Yang KN, Sun LK, LiXYVY, JiaXC,
LiY X, LiR F, Wang Q. Effects of long-term deep tillage and straw return
with biochar addition to lime concretion black soil on the aggregates and
wheat-maize yield[J]. Transactions of the Chinese Society of Agricultural
Engineering, 2024, 40(7): 161-171 (in Chinese)

XL, BREEE, ANE g, BREBR, #B3240 . HHLAE-TTHLAE A [F) AL b b 1 3
KEFEEMREFARENEMI]. EFFRE, 2017, 36(2): 405-412

LiuHJ, Chen Y W, Sun G F, Chen L G, Zheng J C. Effects of different
organic-inorganic fertilizer combination ratios on rice yield and nutrient loss
with surface runoff[J]. Chinese Journal of Ecology, 2017, 36(2): 405-412
(in Chinese)

A, FRE, =@, KR, KXHF, KR KPEENEFEESN
R ER R ]. LHIEE, 2014, 45(3): 666-671

Jiang TM, LuoL Z, LiY, Zhang W A, Zhang W J, Zhang H M. Effects
of long-term fertilization on soil organic carbon balance in a yellow soil of
south western ChinalJ]. Chinese Journal of Soil Science, 2014, 45(3) : 666-
671 (in Chinese)

Reeves D W. The role of soil organic matter in maintaining soil quality in
continuous cropping systems[J|. Soil and Tillage Research, 1997, 43(1-2) :
131-167

LiJ, WenYC, LiXH,LiYT, YangX D, Lin Z A, SongZZ, CooperJ
M, Zhao B Q. Soil labile organic carbon fractions and soil organic carbon
stocks as affected by long-term organic and mineral fertilization regimes in
the North China Plain[J]. Soil and Tillage Research, 2018, 175:281-290
HulJ, WuJ G, Sharaf A, SunJ M, Qu X J. Effects of organic wastes on
structural characterizations of fulvic acid in semiarid soil under plastic
mulched drip irrigation[J]. Chemosphere, 2019, 234: 830-836

Liang Q, Chen HQ, Gong Y S, Fan M S, Yang HF, Lal R, Kuzyakov Y.
Effects of 15years of manure and inorganic fertilizers on soil organic carbon
fractions in a wheat-maize system in the North China Plain[J]. Nutrient
Cycling in Agroecosystems, 2012, 92(1): 21-33

i+ 8. LERUSHIM]. 3. b= RERL YA, 2000

Bao S D. Soil and Agricultural Chemistry Analysis[M]. 3rd ed. Beijing:
China Agriculture Press, 2000 (in Chinese)

Wu L, Zhang W J, Wei W J, He Z L, Kuzyakov Y, Bol R, Hu R G. Soil
organic matter priming and carbon balance after straw addition is regulated
by long-term fertilization[J]. Soil Biology and Biochemistry, 2019, 135:
383-391

Blair G J, Lefroy R, Lisle L. Soil carbon fractions based on their degree of
oxidation, and the development of a carbon management index for
agricultural systems[J]. Australian Journal of Agricultural Research , 1995,
46(7): 1459-1466

Cambardella C A, Elliott E T. Particulate soil organic-matter changes across
a grassland cultivation sequence[J]. Soil Science Society of America Journal ,
1992, 56(3): 777-783

K. TEBRERTEIM]. JL=: R, 1986

Guan S Y. Soil Enzyme and its Research Method[ M ]. Beijing: Agriculture
Press, 1986 (in Chinese)

O’Rourke S M, Angers D A, Holden N M, McBratney A B. Soil organic
carbon across scales[J]. Global Change Biology, 2015,21(10) :3561-3574
Metay A, MoreiraJ A A, Bernoux M, Boyer T, Douzet ] M, Feigl B, Feller
C, Maraux F, Oliver R, Scopel E. Storage and forms of organic carbon in
a no-tillage under cover crops system on clayey Oxisol in dryland rice
production (Cerrados, Brazi)[J]. Soil and Tillage Research , 2007, 94(1):
122-132

WEZE, P A, XokiE, MIESR, B, T3, XE, KiK. RIPEBHE
M EEANBREUYMAFRHERT]. FERLRZZEE, 2020, 25(D:
1-9

QiJY,MaST, LiuBY, Kan ZR, Liu P, Wang X, LiuY, Zhang H L.

[26

[27]

]

Advances in effects of conservation tillage on soil organic carbon stabilization
[J1. Journal of China Agricultural University, 2020, 25(1): 1-9 (in Chinese)
ERRE, ERA, Xk, 2000, &E, X, KigHK. BETEHEKETH
ERETEENBRSIETUREZMERL Meta 3 #[J]. FERILKZEZE
], 2020, 25(8): 12-24

Wang X D, Zhuang JJ, Liu BY, Li S S, Zhao X, Liu Y, Zhang H L.
Residue returning induced changes in soil organic carbon and the influential
factors in China’ s croplands: A meta-analysis [J]. Journal of China
Agricultural University, 2020, 25(8): 12-24 (in Chinese)

BaoY Y, Feng Y Z, Stegen JC, Wu M, Chen RR, Liu WJ, ZhangJ W,
LiZ P, Lin X G. Straw chemistry links the assembly of bacterial communities
to decomposition in paddy soils[J]. Soil Biology and Biochemistry, 2020,
148: 107866

[28] HuR W, LiuYJ, Chen T, Zheng ZY, Peng G J, Zou Y D, Tang C G, Shan

[29]

[30]

[32

]

[34]

[35

[36

[37

]

]

X H, Zhou Q M, Li J. Responses of soil aggregates, organic carbon, and crop
yield to short-term intermittent deep tillage in Southern ChinalJ]. Journal
of Cleaner Production, 2021, 298: 126767
Zhang X, Wang M G, Zhang D D, Zhang Y L, Wang X D. Increasing soil
organic carbon pools and wheat yields by optimising tillage and fertilisation
on the Loess Plateau in ChinalJ|. European Journal of Soil Science, 2022,
73(1): e13197
Sui P X, LiR P, Zheng H B, Wang H, Yuan Y, Luo Y, ZhengJ Y, Liu W
R. Long-term conservation tillage practices directly and indirectly affect soil
micro-food web in a Chinese mollisol[J]. Agronomy, 2022, 12(10):2356
G, SR, EEIE, =R, HWEk, MR . FREMEEEE L EEEEN
B mi ] WERE, 2013, 34(1): 277-282
Zhang R, Zhang G L, JiY Y, Li G, Chang H, Yang D L. Effects of different
fertilizer application on soil active organic carbon[J]. Environmental Science,
2013, 34(1): 277-282 (in Chinese)
FERE, BHE, &Fi, BER, Tkig, BRE . EXREMEE T H
MAEANBRAS REFEEMEEI]. TEREFR, 2025, 37(5): 53-61
LuoZZ, LuM, LuZR, ZhaoJ X, Li Y M, Fan M P. Effects of different
maize planting patterns on organic carbon components and enzyme activities
in red soil of sloping farmland[J]. Acta Agriculturae Jiangxi, 2025, 37(5):
53-61 (in Chinese)
LiTT, Zhang Y L, Bei SK, Li X L, Reinsch S, Zhang HY, Zhang J L.
Contrasting impacts of manure and inorganic fertilizer applications for nine
years on soil organic carbon and its labile fractions in bulk soil and soil
aggregates[J|. CATENA, 2020, 194: 104739
ER, FRRE, S8lCE, D, T/, X%, B, FkE. BHER
XEREAENEE L EZHTREEERBESEHRORMI]. RILH
BRZEE®R, 2020, 39(2): 418-428
Zhang ZY, YuX H, Xiong SP, MaXM, WangXC, LiuY, Yan G X, Li
Y G. Effects of tillage methods and nitrogen fertilizer reduction on soil
enzyme activities and greenhouse gas emissions of wheat yellow cinnamon soil
[J]. Journal of Agro-Environment Science, 2020, 39 (2) : 418-428 (in
Chinese)
LiJ T, Hai Q. Evaluation of economic security and environmental protection
benefits from the perspective of sustainable development and technological
ecological environment[ J]. Sustainability, 2023, 15(7) :6072
RRH, BRIEW, BOE, KRB, Z8i5. RINBEFTEY LRBEYE
g ma)]. AR R E, 2016, 200D : 46-51
JiBY, Zhao YL, MuX Y, Chen HY, Li C H. Effects of deep tillage and
straw retained on the activity of soil enzymes [J]. Journal of Hebei
Agricultural Sciences, 2016, 20(1): 46-51 (in Chinese)
MEWA, XA, KER, [AFF . BESHIBEEEE T EEEFENME
WEYBHSTHHMmMI]. L1, 2015, 47(5): 899-903
Shi X, Liu Y H, Zhang D G, He F F. Effects of pig manure and chemical

fertilizer on the changes of soil enzyme activities and microbial biomass C and



22

0 LN ES I Y NS S 4

2025 4F 45 30 %

[38

[39]

[40]

[41]

[42]

[43]

N of tobacco-planting soil[J]. Soils, 2015, 47(5) : 899-903 (in Chinese)
eEIE . KEMERNEE T RARR U ERBEENFM(D]. KX, £
Rk #, 2008

Deng C J. Effect of long-term different fertilizations on nitrogen
transformation and activity of enzymes in paddy soil[D]. Wuhan: Huazhong
Agricultural University, 2008 (in Chinese)

W, BER, NG, BYEE, RO, =5 ERARBESNRBERL
K RFBEFMII]. R EEZFE, 2014, 251 132-138

Deng Y, Gao Z Q, Sun M, Zhao W F, Zhao H M, Li Q. Effects of deep
plowing and mulch in fallow period on soil water and yield of wheat in dryland
[J]. Chinese Journal of Applied Ecology, 2014, 25(1): 132-138 (in Chinese)
W ANEVEEXEEERTEBED T BRFSHHZMID]. B
RiR: ReERWKZE, 2015

Zhang H. Effects of organic-inorganic fertilizer on microbial, enzyme and
nutrients of continuous cropping maize[ D ]. Harbin: Northeast Agricultural
University, 2015 (in Chinese)

WuY, Zhang HH, LiJ W, Wang Z H, Jiang Y. Adsorption of soil invertase
to goethite, gibbsite and their organic complexes and the effects on enzyme
catalytic performance[J]. Colloids and Surfaces B: Biointerfaces, 2023, 222:
113073

WEE, BER, BN, BB, &, £B, Fudp, BAH. #MEAXEK
HEMMEENFHRREL/NEFBREERRI]. BlZ2R, 2018, 27(7):
175-186

Zhang JJ, Fan T L, Zhao G, Dang Y, Wang L, Wang Y, Li SZ, Cheng W
L. Effects of tillage system and long term fertilizer application on winter
wheat yields [J]. Acta Prataculturae Sinica, 2018, 27(7) : 175-186 (in
Chinese)

W, RiEH, DEF, BSE. Bk, W NE-FEXRAEREARE
WHEEMEMEERTBEANBRERBESEHERMZMI]. £5HERE
#], 2019, 28(10): 1927-1935

Zhang D J, ZongJJ, MaJ H, Yang X Q, Hu X, Xu S. Effects of wheat-
maize rotation system tillage method and enhanced organic fertilizer on soil
organic carbon pool and greenhouse gas emission in maize soil[J]. Ecology

and Environmental Sciences, 2019, 28(10): 1927-1935 (in Chinese)

BIRIEZ B -

E—IEFEN: B MR K

2o B LA Rl R G R

[44]

[45]

[47

5

[49]

I, BE, 5EE, it GHREASENHETXN 2L EASFA
BERMEMEFDOHMI]. KERIFFR, 2019, 33(2): 121-127

LiJ, GeL, Cao T T, Xu Y. Effects of organic fertilization and tillage on soil
water use efficiency and crop yield in dryland[J]. Journal of Soil and Water
Conservation, 2019, 33(2): 121-127 (in Chinese)

JILF,NiK, WuZD, ZhangJ W, YiX Y, Yang XD, Ling N, YouZM,
Guo S W, Ruan J Y. Effect of organic substitution rates on soil quality and
fungal community composition in a tea plantation with long-term fertilization
[J]. Biology and Fertility of Soils, 2020, 56(5) : 633-646

LiH, Feng W T, He X H, Zhu P, Gao HJ, Sun N, Xu M G. Chemical
fertilizers could be completely replaced by manure to maintain high maize yield
and soil organic carbon (SOC) when SOC reaches a threshold in the
Northeast China Plain[J]. Journal of Integrative Agriculture, 2017, 16(4) :
937-946

Kong X B, Lal R, Li B G, Li K J. Crop yield response to soil organic carbon
stock over long-term fertilizer management in Huang-Huai-Hai Plains of
ChinalJ]. Agricultural Research, 2014, 3(3): 246-256

BRI, =G, WRR . XT, BEEY . FRRERHEINBELESN
BREEASERMI]. EhRLKXFZE, 2022, 41(6): 51-58

Yang BJ, LiX M, Hu Q L, Liu N, Huang G Q. Effects of rotation and
fallow patterns on organic carbon and its components in soil of paddy fields
[J1. Journal of Huazhong Agricultural University, 2022, 41(6) : 51-58 (in
Chinese)

Wang XY, Xu X P, QiuSJ, Zhao S C, He P. Deep tillage enhanced soil
organic carbon sequestration in China: A meta-analysis [J]. Journal of
Cleaner Production, 2023, 399: 136686

ENE, S, mlE R, £F. TEERMRE/EEEDHERR
X EEFEEFNBENZIMI]. EERRE, 2024, 43(5): 1324-1332

Li W H, Chen HN, Nan X X, Lin Y M, Wang F. Effects of cropping system
of Lycium barbarum L. and cover crops on soil labile organic carbon pool in
an arid region of Ningxia[ J]. Chinese Journal of Ecology, 2024, 43(5): 1324-
1332 (in Chinese)

FTAERE: P EY

FBEVEMI A SRE =LA BT L AT S A o ACRHER L TR R A
AR 2P TR S TR Ll B ST ] SRR SR U LB = A Rl R e =

LS E, W AR R R B R, 1A R0 AT v R e e B
G o BIFSE S s 77 e AR R B o OE 5 AR B E K E
ST RS H R TR e ST R U H S 4T, R REARIE SCA0 R . RITAL At R
SR T AR (2022 4F) TTEAE o R 2 AR (2008 4R D SR



