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HOE: RS E MBI RO SRR B R R S S S A PR, DR PR 22 B ORI 4, B Rl
M FOFS AT 4 B P BCHE AR R (004 . 450 m¥hm?; 9504k : 750 m¥hm?; @504 1050 m*/hm?®)THE AL 28 R IE, SRAE
HAHT T RE )20 ~ 20 cm 1 20 ~ 40 em)/KFa kBRI K S5 BB UM A TS0, G55 MR FXHR, F5FFE B AR OER
Yy E R 2 KRR MR A BRI B R MR T o AR B it P BV WAL FHE>0.25 mm RiAE AT SRR T 4L L 151 (WRo.25) . F-
Y HARMWD)HU LT AR (GMD) R, 11 R KIEA(PAD) M TE AR (D) R Ik EA—EATREFTIE RIS AT FACHEA ]
FE B B E BN + 2 KB RIS S AR TTAR,, FR<0.25 mm Hift +IEWURI 25 A A IR AU TTIRR . RS AT D bt P 2H7A
TR AL PR A IRAR F R ARES A A AU ST R B35 = T B PRI, SEFTRSFF4 A FBE 5 BV A B i X b 22 B 4= 145
SEA e A R PR AR, fEdb KRR K AR IR IE AR B AR e e R T, IFE sk B IR S S A WUk &
PE A HURTE R AR A R AR P 0y 434, Hoh DARS AT 4 i 148 B it 28 R Ah 2 AT SR AR AR e 1k B 5 5 A WL TR Ao I i
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Aggregates and Associated Organic Carbon in Lime Concretion Black Soil in Response to

Combined Full-rate Straw Incorporation and Biogas Slurry Application

WANG Wei', TANG Jiao">**, YIN Jinzhong', PAN Feifei*, FAN Shuyan', HUANG Wenwen', WU Dafu'

(1 College of Resources and Environment Sciences, Henan Institute of Science and Technology, Xinxiang, Henan 453003, China;
2 Postdoctoral Research and Development Base, Henan Institute of Science and Technology, Xinxiang, Henan 453003, China;
3 Henan Engineering Research Center of Biological Pesticide & Fertilizer Development and Synergistic Application, Xinxiang,
Henan 453003, China; 4 College of Horticulture and Landscape Architecture, Henan Institute of Science and Technology,
Xinxiang, Henan 453003, China)

Abstract: To explore the effects of combined full-rate straw incorporation (SW) and biogas slurry (BS) on soil water-stable
aggregates and aggregated-associated organic carbon, lime concretion black soil in North China Plain was used as the research
object. A field experiment was conducted with treatments including blank control (CK), SW alone, SW combined with low,
middle and high amounts of BS, i.e., 450 m*/hm*(SW+LBS), 750 m*/hm*(SW+MBS), 1050 m*/hm?*( SW+HBS). Soil samples in
different layers (0—20 cm and 20—40 cm) were collected and water-stable aggregates and aggregate-associated organic carbon
were analyzed. The results show that compared with CK, SW and BS significantly improve the mass proportion of water-stable
macro-aggregates and aggregate stability in different layers. SW+MBS has the greatest mass proportions of water-stable
macro-aggregates (WRg,5), mean weight diameter (MWD) and geometric mean diameter (GMD), but the lowest percentage of
aggregate destruction (PAD) and fractal dimension (D). SW alone and SW combined BS significantly increase the contribution
rate of macro-aggregate associated organic carbon in different layers, but decrease that of aggregates <0.25 mm. SW+MBS results

in higher contribution rate of macro-aggregate associated organic carbon than other treatments. Therefore, SW combined
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appropriate BS is a promising approach for lime concretion black soil in this region by promoting water-stable large aggregate

formation and aggregate stability, changing contents of aggregate-associated organic carbon and facilitating organic carbon

distribution in large aggregates. The most obvious enhancement is obtained by SW+MBS.

Key words: Straw returning; Biogas slurry; Soil aggregates; Associated organic carbon; Lime concretion black soil
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FEREL )™ . o AHSCHIF ST B AUk ek [ AR 34k 1
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W AT HLIE AR A A = AR 20 iz FUH S AR G
B UESEHEA T A TR ROt BE A8 2 35 4R e
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A HUBRFR By, g 3985 Y KU et
T JRE RS F e FH 2 — R I FE RE T 435 22 1) DR 3P P B 4
T, BRSO F RS AT BT, DR B RS A X A 3
PRET I B SRR, SCRERE N+ HEA HLY R
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ik ST, A RS AT 34 T AR B B 190 25 5) i
B AR R L S A A TS T i S S BR 22 45 T
A, AR T L Ty R TH R L A BLAR FR R
1, BREAR T AR RFSFFE AR . AR H 1T 2%
IR ST B — A ¥ R0 s AT ads P Xk 4 S AT 3R
PRANAT BILBR 75 B RSN, S AR 0 2 T 5 it A A
KAl , HE TP AR 2 = ] R s T 7T
Bk = R E LK IS Bt S . NI, A 2T
JEAHFT 6 455 TR WM %) L A SR AK S 25 5 A Bl
MR PRI E RLIETE O R i DX O R 57 )
R R R BB 275

B IV SR TR I R AR AR R A A A
FRPHFEM, BA EE R AR FAT s e
TE 5 AT R 2 N A RO i FH R X I P A 7
I FEL A Ml i SR IR T VR AR I — o b2 R A
PO I B AP E R, B R E | £
RS AR AU A AR B AN RLARRRIE,
R ERN, AHE S L BT SRR R A A
PG /R M F- 5 , R T HC 73 W0 10
e R AIRIRRHIE AL RS 0, 3 A L ATR AR ES &
AHURAR RS oA KL, LSR8 005 A Il - S a1 45
AR AL B BT

1 #RERE

1.1 HAREXER

PRI A T R 4 1 T R K EL 5K I S ol R e
FELEE R BAEH R JEHEHL(114°28'E, 33°63'N), %
Hb DX JE W R A K B R 2R RS, AR Y H IR R
2094.9 h, JoFE 223 d, PIAEFHSIR 14.50°C,
LAY KB 785.10 mm, 70% LA bR 4
e 6—9 H o I XM, Hok Rir, K
FPA/NERE TGN, L s TR 1, &
240 ~ 10 cm)pH K 6.50, A HLER . A A%
RN AR 5N 23.05 g/kg, 1.68 g/kg, 20.60 mg/kg
Fl 245.26 mg/kg. AR E FR il +EOR o B7 %, +
AP R (>0.02 mm). Fyki (0.02 ~ 0.002 mm) FIZfHKL
(<0.002 mm) Jiix b EAroilch 41.08%. 26.20% Fl
32.72%.
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1.2 RIegit

AREEF 2016 4F 10 A IF4R , R &ML,
IPEE 5 AbEE, 5050k . OXTIR(CK), ANHEATREFF
i HATEWE G ; QB —FEFF 2 iie H(SW); OFf
FF 4 i FH GG (G 2 7B R (SWHLBS); @F5FF&iid
FH it P Y W (SWHMBS) s OFEFF-4x ik H i it 725
VR (SWHHBS), fMMbHEE 4 N EE, B E
H—A/NX, NXEFA 300 m* (50 mx 6 m), 4571
X 3R, B kKRR A RV ROk IR R
B A BR 2 FI K\ LG 3% o 2R R AT
FEIR A R TR 5% AW o VR pH 7.20 ~ 7.60, VAL
SRR S0k 1180.00 ~ 2 300.00, 350.00 ~
580.00, 325.00 ~450.00 mg/L, A HLEK &N 1.25 ~
1.49 g/L. #ABUNEMEKRARKZTE . BEMEHA
5 Y A P PSS AR IRt RS, R AL Sy
)35 B T IR R (N 460 g/kg) . BT MRS (&

P,05 460 g/kg) LA (F K,0 600 g/kg). AL 6 : 4
(B AT, W FRIEAESLAE — kM, 45
AbERELA AR B L 1, R OKRSFR I R
USRS A5 BT R G, TEFHRE R 15 em.
KNEFREFF MM EE R TR, HEBRMEE
Ko R X dul H At A #5224 i K FE bR (45
— B, i Mm e HE T L

TRE it Y VR 45 A BHLR) PR 7 400 0 L e 1) Y TR 6
WFIIN RS B, B 5 mm FLAR B
FRAE KA DA IR AT . 60% AYTBTRAER /N
FEFIRT 20 d N4 2 ~ 3 RIFATWEIE, A% 40% WA
WA A 12 A AR MR =i H . AR FKHR
FIHT 7 d B 40% AV — R MEHA TG , AR 60% 7E
TS B ORBI ) 2 ~ 3 YT, S T ARIESE
YA e RRAS A FE K — S0, AR Tt o e VAR AL
FRATAAMARY, AR R A R A A BRI T3 K AN

*1 EKFEF2SCARERRLERREKERSZ

Table 1  Amounts of chemical fertilizer and biogas slurry application under different treatments during crop growing season

Jb B EE AL A KINHE HER
B ALHE N-P,05-K,0 B ALIE N-P,05-K,0(kg/hm?) bEN12 ALHE N-P,05-K,0
(m*/hm?) (kg/hm?) (m*/hm?) FLAE SE (m*/hm?) (kg/hm?)

CK 0 360-180-180 0 108-90-90 72-0-0 0 180-90-90

SW 0 360-180-180 0 108-90-90 72-0-0 0 180-90-90
SW+LBS 450 360-180-180 225 108-90-90 72-0-0 225 180-90-90
SW+MBS 750 360-180-180 375 108-90-90 72-0-0 375 180-90-90
SW+HBS 1050 360-180-180 525 108-90-90 72-0-0 525 180-90-90

1.3 HHRRXRESNE

SRR R A S E A 2021 4F 10 A 5 B KUk
JE AT o I LR IR A BUREE 23 BR AR 41U E/INMX 0
~20 cm il 20 ~ 40 cm + 2R HFEK 1 kg, A
JGiY SR LN e BN s RV = i ks A S 1N 1 % O A
SR Je bR AR AT DL B L R AR IR AR+
sy, 10 mm i, ARKTHAH. KT8
BRI BRI T>2 mm, 0.25 ~ 2 mm B K
H B K, 0.053 ~ 0.25 mm RLA% i A B AR DL K
<0.053 mm RiAREEHIRL Y 739, EARERAE I k1 UL RS
I SR TS K R 14T R AR P R R AT
ARG R T A BRARGE S BB i e o)
14 HIELESSZITHH

F A2 E R H AR MWD) . LT E AR
(GMD) . 1 B 11 1% 2% (PAD ) Fl T 43 T 4E 5 (D) 1iF
KRR R AR R e ENY S RIS & A DLk STk R
THEAAN: BIRIMRES G WL SR (%)=[(5F i L

T B BB 2 1 (g/kg) x 120K 770 I SR AR 1 o a4
T AT (Yo) )/ - 38 AT SR A 25 6 A BILB 5 4 (g/kg) % 100,

FIH Excel 2016 X & duit A8 BT, (1
SPSS 25 #A o . RIHEE R T 225387 (One-
way ANOVA)H-FIH Tukey ki3 ik it 1T + 4 A1 Rk
FRIE S 256 A DL i & Ve o D AN AL BB A L8,
FVEAKV-BE N 0.05, 3T Origin Pro 2021b #4442
il 2%

2 HBREHSN
2.1 FHHEELHEEZBRNKRERARERE
28 B Lt 151 B 52 )

HY & 2 AT, R AT H IR W it S 2 s i 45 1
JE KRG SR R A R ], AR TR A R AR
A, FEARGLAT SR AR BT 5 i, 7 0 ~ 20 em
)2, Bk CK AFEAN, 25 Ab B A 398 P R IR A A b 12
Ik 025 ~ 2 mm (42.86% ~ 47.41%)F1>2 mm
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Table 2 Mass proportions of water-stable aggregates under different treatments
+JZE(em) b7 >2 mm 0.25~2 mm 0.053 ~ 0.25 mm <0.053 mm WRo.2s

0~20 CK 575+1.16d 18.52+2.65¢ 39.74+3.85a 36.00+6.19a 2426 +3.63d
SW 2744 +1.54 ¢ 4741+045a 16.77+1.08 b 8.40+£0.86b 74.84+121c¢

SW+LBS 34.16 +4.56 be 43.45+3.67a 946+1.12¢ 1293 +£0.78 b 77.61+£1.40¢

SW-+MBS 5491+2.19a 35.00+2.17b 440+0.35¢ 571+£027b 89.90+£0.33 a

SW+HBS 4121 +3.37b 42.86+2.73 a 6.08£0.75 ¢ 9.87+0.39b 84.06 £0.72 b

20 ~ 40 CK 7.82+0.38d 61.05+6.32a 19.04+447 a 12.11+3.81a 68.86 £ 6.63 b
SW 23.78 +2.64 be 49.91+£349b 15.42 £0.58 ab 10.89 £ 0.96 ab 73.69+131b

SW+LBS 27.96 + 8.28 ab 47.78 +£3.09b 14.55+4.45 ab 9.72 £2.02 abc 75.74 £ 5.36 ab

SW+MBS 33.15+733a 49.53+4.54b 10.59+1.96 b 6.74+122¢ 82.68 £3.09 a

SW+HBS 18.01 £3.14 ¢ 57.96+2.99 a 1623 +240a 7.81+2.93 be 75.97 £5.24 ab

R WRos 373>0.25 mm BRI LLG]; RSB E A F/NG FREFRR Rl — 1 2R R b 2 ) 22 5 i 2 (P<0.05), 3.

(27.44% ~ 54.91%). FA—PEATREFFIA HALBL(SW)EE
CK Ab¥ & Z4 = 0.25 ~ 2 mm FI>2 mm ki 1 A
BRI AR L B, B Ay B 155.99%
377.22%, ‘BB 0.053 ~ 0.25 mm F1<0.053 mm ki
B, KRR R 57.80% Fl 76.67%. 5 SW Ak
PR LG, A AT A0 G it VH T 45 Ak B (SWHLBS |
SW+MBS F1 SW+HBS)¥#>2 mm kit K FaE A
SRR TR L], FE RS A a4 P JRC it v i TR Ak 2
(SWHMBS)#EFARCR T I, HIEIE 100.11%. 2K
TR AR FHAS [R] A W it A R 1E] 0.053 ~ 0.25 mm Al
<0.053 mm AR A SR A4 B A A L 4] 25 S AR TR B 1
FK o A FEFFIA R TR it Ak ) o R 0 ~
20 cm 1 )2 WRo s UfH, Hh SWHMBS AbBZAF T
BB RME, 4 89.90%.

TE 20 ~ 40 em )2, /IR KEIRIEKO0.25 ~
2 mm)fE CK BT 5 e filds s, RS K AR
R (>2 mm)PIr b7 ARG o A T34 FH it V3 T 45 Ak 2
+ A RAR EEEPLE 025 ~ 2 mm(47.78% ~
57.96%)H1>2 mm(18.01% ~ 33.15%)., 5 CK AZbFRAH
L, SW AL i 258 25 >0 mm R AR I B4 B 21 1 1
B, A 204.09%, {HJE B EH AL 0.25 ~ 2 mm Fi
AR TR G, FEIEA 18.25%; MMiizAbsi
Xof At A% 7K R e A SRR I i 2 i L A6 R 7 A ik 2
S0, SWH+MBS AbFRES SW A FEHE— 2 HE>2 mm
PR A RARITE A, FE1<0.053 mm A4 A R A&
o A TAL)E WRe s BUEHT S, N
82.68%, M HAAALBE WR,s Z 18]G & 22 5.
22 HBHEELHBEEIZRXIKBEAREKIEE

4 45 #R B 2 i
ol AT P PC i 779 0 A B0 4% - J2 /K R P B A

iR FR(MWD, GMD., D #il PAD)¥)7=4: i 5
M (& 1), SW AbHI4E CK ABE G E 4 T 0 ~ 20 cm
Ml 20 ~ 40 cm +JZHRIAE MWD {E, RS 51H
256.45% Fl 68.91%(K 1A). TERSFFIA HAYFEERE EHd
Jit VA T, MWD (BBl VA W i i g 35 IR IR S T i
Je BEAR A R, I e R it rh VA R AL BT (SW+MBS)
KRB KA, 9028 3.70 mm F1 2.56 mm, FEE{KE
(SW+HLBS) 5 1 1 7H TR (SWHHBS ) 44 £ AN [] # JE 48 A1
%12 MWD {8, {H7E 0~20 cm + /)2 = 2 [H i
EFEF, £ EEKBRERHREK GMD B MES
MWD AR —Z(E 1B). FEFF H A 1 it Ak B
AN 0 ~ 20 cm 1 )2 GMD {H, 308 520.00% ~
1293.33%, 7F 20 ~40 cm 12, SW+MBS &b3 54
T GMD fE##, N 1.25 mm, & CK #il SW+MBS
AR ERAL, HAYAS AL HL 2 (3] GMD (B TG I 3 22 5% .

160 ~ 20 cm +J2, SW AbFRAR CK kb3 B 2%
KRB R AR D {E, FEIRH 9.19%. fEREFFA HIY
FEnh b ECEVE W, D {EBEVH W0 FH 8 i 0 2R3 U
(& 10), Hrh SW+MBS 24 D {EHR/),
41 2.49; SWHLBS AbHIR, D {H# SW AbH & 2 Tt
R, MEWESN 2.72%; 1 SWHHBS ZbFHE SW kbR [E]
DELWE XS, 1 20 ~40 cm +)2, K FEFFE H L
FEVA WAL 3 CK AL B RRIFREEREAS D A, {HAL
A SW+MBS LA S i E K-, BRI N 3.82%. 45
+JZ A Rk PAD (EAR LI 5 D{EAS L HISU(E
1D). HHALT CK Ab3E, FEHFIA FHRTE W it 45 b #1
B EFEAK 0 ~ 20 cm + )2 PAD {1, F#IE N 68.18% ~
88.21%. FEFGFFIA H FFEAE L ECHVA W, PAD {ERH
TR WO BE R3S 2R 0 S Je BRI Ty ka i, Horp
SW+MBS #b# PAD {E#f%, {h 8.84%, MifCHifik
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Fig. 1

A EERACTE PAD (H2Z R EBEER, 50k
19.09% #F122.88%. 7E 20 ~ 40 cm 1J2, &4 FFAH
TSC it 7 A A 3 PAD %5 CK Ab BEIS AT AS [ R 3 AR
SW+MBS 4bFE4 T PAD A%, H 16.08%, {H
JEAS FLE A WAL B 22 (6] PAD H TG & 25 57 .
23 WHEHEELCHRERRMKBERARKES
BB ESER N
1% 3 AT, AR RV Y G S 3 M 4% O
SRR A RIRZE A A PR S R . 7 0~ 20 cm 12,
SW AbFHAE CK Ab# & 28 U Rk R 285 5 A WLk & it
FI4 e, HEIE R 69.21%, (X AR 72 TG W2 52

Stability parameters of water-stable aggregates under different treatments

TEFG I8 Y LAl b e it v oA A TEE e 0.25 ~
2 mm FI>2 mm R KA RIRGE S AR &=, JfkE
ERRL o p ) | B W T e i) SR 5 il )
33.71% ~ 114.04% Fi1 86.98% ~ 142.32%., H:fr SW+
LBS 4b#>2 mm ARG PR S S5 SW ALHICH] i
Ak, FLAR A Ot AL B AR A B B B S 2R
SR BC A [F) 590 12 78 i A ) I 2245 0.25 ~ 2 mm
PRI RIRZE S A VRS 5. % T 0.053 ~ 0.25 mm
PARGLA R R, SWHHBS 4bH Fizhi i RIRLE &
A B W T AR A A B YRS A A Ot
H P EF R, <0.053 mm ki A% RIKLGE A H DL

*3 BH2ECBEERRLENARKES GRS 28R M(g/ke)

Table 3 Contents of aggregate associated organic carbon under different treatments

+JZ(cm) AbEE >2 mm 0.25 ~2 mm 0.053 ~ 0.25 mm <0.053 mm

0~20 CK 9.05+1.38d 891 +231Db 12.31+3.69b 1348 +1.30b
SW 9.85+£1.67 cd 7.68+231b 13.16 £ 1.37b 2281+3.11a

SW+LBS 13.17 £ 0.30 be 1436+ 1.53a 13.94+0.89b 13.65+3.27b

SW+MBS 16.66 +2.40 b 18.50+1.63 a 11.30+£1.65b 11.24+1.55b

SW+HBS 21.08+4.34a 18.61 £4.55a 2290+ 6.17 a 2214+ 183 a

20 ~ 40 CK 7.96 +2.38 ¢ 7.46+1.69d 6.69+031c 7.54£094b
SW 10.09 +2.40 be 8.88+1.47 cd 12.62+4.08b 7.65+1.25b

SW+LBS 10.89 + 2.60 be 12.71+£2.49 ¢ 9.73 £3.22 bc 11.05+3.38b

SW+MBS 13.39+291b 19.15+1.58b 10.55 + 1.44 be 10.04 +£2.23b

SW+HBS 19.16 £ 1.85 a 2540+4.77 a 20.65+2.76 a 2427+581a
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T SW AL AN, BAR B RIS & A WLk &
HIE SW LIS R e, H)2 5 SW+HBS 28170
WERER

TE 20 ~ 40 cm )2, CK AP &-RiA5 B R ARk
AANR AR 3, i TREFFA I (SW)
AERE A R RE B4R M 45 A T SR RS A A bLes o i, I
10.053 ~ 0.25 mm Rt A RAKGE G4 HLIK & 54 CK
Ab P G 88.64% , SWHLBS AbHH SR 55 T &k
RHAREEE S ARSI, A5 SW AbBH (R JC i 22
5t SWHMBS ZbHHE SW AHEAY i 349 11 0.25 ~ 2 mm
PR T RARGE A A MU & &, WIS 115.65%. 1
SW-+HBS AbH I 25 4 /55 45 R A AT SR AR 25 6 A Bl &
L B SW ALHELS I AN 89.89% . 186.04% . 63.63%
H1217.25%,

P P 2 TR A 34 FE it 7 T % A SR AR 2
BLBK TR = B . 75 0 ~ 20 em 1JZ, CK
Qb HR A BRARZE A A DL = AL P 7E<0.25 mm R AR fL
RIS, AP R TTERARIA 80.62%(1] 2A)., L
— ARSI H (SW)BERS i ¢ 0.25 ~ 2 mm F
>2 mm KK ARG A PR TR, 5 CK b3
B 133.29% F1 451.39%. FERSFFIA H (A FEAE AT
Jite AN ) 7] 2 VR VR — 2B 4 v T R R AR 25 5 HLAk
dit, H>2 mm kAR AR RS S A WL 5Tk R AE
SW-+MBS 4 H ik B f K AE, H 54.43%. BLiiHR
HALHE S CK A FEAH LA IR E P2 5 0.25 ~ 2 mm A
A RAREE B A VLR TR, SR SW Ab 3 i 2%
fi 0.053 ~ 0.25 mm F1<0.053 mm FifE A BIKLE &4
BLAR TTHR 3R, F 245 VA Rt Ak 38 ) G 08 3 22 5+

[1<0.053 mm [_]0.053~0.25mm [27]025~2mm [ ]>2 mm
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Fig. 2 Contribution rates of different treatments to aggregate associated organic carbon

16 20 ~ 40 cm 12, CK AbFHH BRIKGE &4 DL
FER B/ PRAR KB RAK0.25 ~ 2 mm)r, HoTik
FN 61.10%(F 2B). SW AbFEfENS B EHE >2 mm
AR RAREE S A PR ST, IR IL 193.29%, &
FEAK 0.25 ~ 2 mm Kife B RIRG S A WK TTHR R
FEIEN 31.79%. FERSFFIA A FERE 1 fic it AS [7 55
B BRI R AR IR LS & A LR Tk . H
1, SW+MBS il SW+HBS 4b B i 2 5 0.25 ~ 2 mm
FAE B AR SS &AWL Tk 3, B8 SW AL FHIS i
29.42% Fl 34.34%, SW+LBS Fl SW+MBS Ab3f i
A% 0.053 ~ 0.25 mm 7 f% A BRAKREGS & A HLAR Tk
R, SW AFHRER 39.81% HI 64.10%. Hiilie

SW+MBS 4bHiE CK AbFE IR 48 5>2 mm A48 H R
ARG G A PR DTICR , RIS 237.29%, {H/2 B E 1%
{i 0.053 ~ 0.25 mm F1<0.053 mm Fife A BIKGE &4
PUBRTTRRE , BEOR 551 59.61% i 67.11%.

3 ihie
3.1 TEFL 2T HE S R ki F R
S

3 PR SR OB AR o3 A T L A5 A B R 1 45
A AR, AT AR AR L S AT SR A i 5 vk o3y e
FIKFSAE TR R IS S AR R PR AT SR AR 15 1 147t
AR RE T8 UIAR OG , X R~ R M X+ SR EE F A

http://soils.issas.ac.cn



513

FRAF: FEAT @i HECHE VR B0 0 22 28+ R RS E AT SR 1A L2 45 A LR (9 52 i) 59

PR R EAT BB S AR A SRR, AT
TAC it VA VBOR A 22 PR K e P 3R R I 4 b 1
A RBEW ., 750 ~20 cm +)2, HA—PEATREFFL T
R AT doh 25 4 5 IR AT SR AR (WR 05) BT H 21 J L 151
X 5 JE A A VORI T S R R it RO R 3 e
KRR B 255 — 3 th T A F DX 38 >R
TEURS A4 1 1 FHE A, DRI i) 38 s AT K AT AL
Yrkk, b EHEBUR A R B UE T W RS Y
] ISR R o AR, AT AR Ay P A B 20 /N ok
PR R KR AR A SRR TE BT, AR IT R — 2 5
UE T FE RS AR FH A St FC e AN [R50 2 VR W 2 e
AR 0 ~ 20 om )2 KA RIA TR A LB, %
R AR AT R R AN R Joi e 2L A L 91, G rp R A3 R
Jiti H B VR R (SWAMBS) AL B T R e oh B 3% LAE
ZERYRIESAEFFAH G 0 ~ 20 cm +J2 <0.25 mm ki
16 - ORI 1) R AT SR AR T AR ka4, LIt VA A
Je A R T HORAR A SRR ATE A, X5 Du 25
53 A XSk S 22 A1 T R RS AT A HH B it 4 25 VA Y
WFFEEEFARL o 3 S PR R TR Ot AN AT LA F VA T
T G B TR S S 245 0 IO A M R R B EL AT B v 3R T
TR ISR IR, 30 0T LE 2 R A TE W 45 R B4
B E RE A A AR T BRI I AR ) £k 22 AR A A1
PE SR 2 A AR AR Ak, ZERE AT IR H A3
filt L FCHMETRWE , VHB DA A I A 2 R E SR )
A B T AR AR, PRI o A LT
FUE AT, AR R R . =
i in SO SR A R, Pt >0.25 mm hifE
KR P 3R 5 i 4 K B 481 45 A 0 5 e R YRt
R IEADC, X SRR R —E 2R, TheR
H AR 51X 38, - 3 o b R it ) A1) TR TR O A7 A 22 5
FIT B o BAR B —FE RIS X 20 ~ 40 em )2 41
ZERIR BAES 0 ~ 20 em 1+ J2 2B AH R (1 #a 3,
R P 3R A T o8 b 49 i 7R SR P 2 1 3 B 2
T Ja FEAR ka3, (R e AR 20 ~ 40cm H)J2 A
K 0~20cm L2, XOTRERE R TR e
IS HANBE G EC- 4 /N B, SR Py RS A LAY
fE A RN, 2 B RT3 ER AR,
W HFSFF FEEPLE 0 ~20 em +2, FILsE 1%
20 ~ 40 cm +JZ AR AR . SRIMAEREFT 4 FH () Sl
Tt VR REBE PR 5 RS FF 4 S 13 ON, $E5
FEFF o, i FLIR R EA SR TP, GeR 53
fifE S (0 P A LA R B 3 T TR 2 4 DR A
3 FH e VA A B — R AT RS AP I AT BT 20 ~
40 cm 2 K HAIRIKAIE L

- P R AP 24 i AR (MWD)RULAAE 3 &
#£(GMD)H IR Al e P B AR e P, LB, Ui
W R Ra e s 0 AR B, FEATiA H
FIVE W il 12 R 0 2 42 5 25 L2 HT R 1A MWD Al
GMD fH, RS FFI4 FH il 378 V048 o — Tl A 38 FH
MWD F GMD {H 3 AA/E R I, X2l T 1
P A KB A I AR DRSS R B T
R AT SR A R 2B L A5, T L T A SR AR
PR A R 2 (PAD) - B AE + I3 [ SR AR 2 K
FIWEIRTT B0 iR B, LB, U RH e 2R
R R T4 (D) RV e M 4 A
MZEA TR, R HEBURL /N | J3 A DA B 438 5 b
¥ —RREE, HAEMOR, R+ R o, i
PEAE 22 AT R, FEFFA HORIVE it V8 v Ak 2
¥ E K 0 ~ 20 cm )2 PAD F1 D fH, {HHAF
FFA4 FH P it P V8 VA B 25 R A 20 ~ 40 em )2
AR X e RS FFAR ANV it %+ 0 ~ 20 cm
12 A R AR MR SRR S, X 20 ~ 40 cm
TR RIVERIRCR B R 2R R s . B,
FEIE HH 5 78 007 it 350 A8 1) 8 op iy A K HL o
MY AR ITTEFRITER, (RHFEEYEY =M
5, [FIRHABEHE = e e, ik - i A1 R
MR KA R AREG AL, 4 e 3 P R AR e . B
J& 20 ~ 40 om HJRIRUR, Fo4r . AR RFRE YR AL
AW 0~20cm 28, HILHRAR SRR
RO ES
32 HBHEELHEEBERNKBEARGES

E=goIR A= 0p-A

AN RPRLAR A R A2 A A BB B B B AR G BT kR
FZ T ANIEAT LA A% A X - 398 [T 38 4% I 5 201 ol L 45
K2 B HURFL R 553 (1) 25 57 o RS AT I8 HANE A
WA BT B RARZE & A HLA & i 5, X
TAEFFRVE A S & A KA LT, o 5 A Kt
HNIEA HILK , LLANRS FERNVA WA it FH BE A5 (2 HEVE AR
RG2S ARPRTTRUS AR, HE Y
A LR B AR R BE WS &
B, K 00t G DR AR 4 e AR AR P R AR S
MBS . B4 A PORgT e, RS AT FsE 2R A Y
it FH 24 RE F1£<0.25 mm Kifs A BAKSE & HLBR 51
Bk, AR R, M TREFE L H A B R
1 0~ 20 cm T JZRRRIZE S LIRS B, (EHARNRE
T RARGS A DLk DT kA8 20 Wl 5 R AIK . 3 AT R 5 R
TSN 5 e AT AR 4 & 7 3 R R fin s A MILAR
TR A T Mi>0.25 mm RiAR A AL,

http://soils.issas.ac.cn



60 +

i

555 3%

A BB EROR W S AR, A LR DTk R A
T, 3 AL AE — o R I B A R AR 25 578 BILBk Tk %2
P 508 A it 4 G L B8 R 45 45 A LMK 5 B 1) R R
FERS AT H LAy 1 i V8 Y A 35 4 v 4% )2 KRR
PEFORLAR A SRR A WL 5 12, I BB VA TRt FH 5t
FBEIN, HE SR 2, FLR P SR BILRR STk R
0TI R AR AR A LIRS, 55l
Oy SEAE AN R BIVE T 2 D PR A3 ik B2 L SR IS MESY
it ) T AE L PRAE T 38 A 52 2% 1 72 Akt AR U B
Yoo, X sy 5 A] DAAE I rp KRR e AL, T Y
InHeA LR AR TR ON B, B
SR W7 A G i TR TR AT A
PR C/N, & HEAF T -5 CON, {2t H
FEFF B A B, TR 42 o - 3 A SR A 45 6 A WL
Frito [, FEFFR FC b VA A 20 41 /)N - 398 ks (4]
BRI B IR AR F R AR, Mg = T R RERES &

PLBR BTk R . Sk PEAEPIE I R I, A PR 322
EAEAE 0.25 ~ 2 mm BRI KER AR IR, FEFFE S
PER T>2 mm R ARG S AR DT R . X5
ARG REA —E 25, AT Ag 5 A FHAES X it AL
FREFFA 73X | AR S M 55 F S R i A 4R
R G

4 e

V)R FF 4 it i FHRIRS #F 4 £ 34 HH Ot VA TR AR
[FEIFEEERIA 0 ~ 20 cm F120 ~ 40 cm +JZ WRy 5.
MWD #I GMD {H, Pk PAD f1 D f. Hrh%
42 )2 B LU #F 36 i 5V 74k 2 (SW+MBS)
WR,s FE T o, AR AR e M f e o

2)Fk AT FH RV VT it 4 S 3 1 m R AL
WA, #EELERRERARELE S A VRS &,
M >0.25 mm R AE K BRARSE S A DK DTk, H
rh, RS AT HH C it e VA WA B R AR A SR AR S
BB BT Ak 3 5 3 e T Al AL 3

3)Fh T4 i HH C it S v PR R 22 T oK
Rtk K TR AR A TR BT i SR AR AR M, (i AT AL
TR AE FRAR B R AR T 1 0 A SRR, AT Sk | 135
SER RGN A LA R AN E H .

S

[1] Badagliacca G, Petrovicova B, Pathan S I, et al. Use of
solid anaerobic digestate and no-tillage practice for
restoring the fertility status of two Mediterranean orchard
soils with contrasting properties[J]. Agriculture, Ecosystems

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

& Environment, 2020, 300: 107010.

B, 20etE, XUE e, 55, gl 4 ) e AL X £
B R AR R B bk . A IR [T]. SR AR,
2022, 42(8): 438-448.

Tang J, Davy A J, Wang W, et al. Effects of biogas slurry
on crop yield, physicochemical properties and aggregation
characteristics of lime concretion soil in wheat-maize
rotation in the North China plain[J]. Journal of Soil Science
and Plant Nutrition, 2022, 22(2): 2406-2417.

T, FRIE R, SIE. 1980—2000 4FH E B 14
A HURKR A S A A [D]. 1V b 5T 5 5 DU 42 L T, 2006,
26(6): 123-130.

Cates A M, Ruark M D, Hedtcke J L, et al. Long-term
tillage, rotation and perennialization effects on particulate
and aggregate soil organic matter[J].
Research, 2016, 155: 371-380.

Wen Y J, Tang Y F, Wen J, et al. Variation of intra-
aggregate organic carbon affects aggregate formation and

Soil and Tillage

stability during organic manure fertilization in a fluvo-
aquic soil[J]. Soil Use and Management, 2021, 37(1):
151-163.

ALK, W, R, G EJE T R X R R
PRI BRI % e 4Ar )], Aol TR 4R, 2017,
33(18): 1-10.

Bosch-Serra A D, Yagiie M R, Poch R M, et al. Aggregate
strength in calcareous soil fertilized with pig slurries[J].
European Journal of Soil Science, 2017, 68(4): 449-461.
Chen Z M, Wang Q, Ma J W, et al. Soil microbial activity
and community composition as influenced by application of
pig biogas slurry in paddy field in southeast China[J]. Paddy
and Water Environment, 2020, 18(1): 15-25.

HAndh, POl Bat, S AW B LG VA WO 3 A
RAR B HAT HUBs 53 A0 B S [T]. FE B HEK 4R, 2022,
41(1): 80-86.

Hu N J, Wang B J, Gu Z H, et al. Effects of different straw
returning modes on greenhouse gas emissions and crop
yields in a rice-wheat rotation system[J]. Agriculture,
Ecosystems & Environment, 2016, 223: 115-122.

Xu X R, Pei J B, Xu Y D, et al. Soil organic carbon
depletion in global Mollisols regions and restoration by
management practices: A review[J].Journal of Soils and
Sediments, 2020, 20(3): 1173-1181.

Liu X J A, Sun J R, Mau R L, et al. Labile carbon input
determines the direction and magnitude of the priming
effect[J]. Applied Soil Ecology, 2017, 109: 7—-13.

JERR, ER, WK, AR VH TR A R AR
IR SE PERISZMR )], HEBEHRK 4R, 2022, 41(2): 10-17.
B+ H. EHRAHIML. 3 AR, JEET: s EAOl S AR,
2000.

SRR, wier, xS, 45 FEAT 5 A ATEC X 4
TR W0 P B R G3 AR A RE A [T]. K R DR,
2022, 36(1): 340-345.

Six J, Elliott E T, Paustian K. Soil macroaggregate turnover
and microaggregate formation: A mechanism for C
sequestration under no-tillage agriculture[J]. Soil Biology

http://soils.issas.ac.cn



513

FRAF: FEAT @i HECHE VR B0 0 22 28+ R RS E AT SR 1A L2 45 A LR (9 52 i) 61

[18]

[19]

[20]

[21]

[22]

(23]

and Biochemistry, 2000, 32(14): 2099-2103.

Du Z J, Chen X M, Qi X B, et al. The effects of biochar and
hoggery biogas slurry on fluvo-aquic soil physical and
hydraulic properties: A field study of four consecutive
wheat-maize rotations[J]. Journal of Soils and Sediments,
2016, 16(8): 2050-2058.

RIS, BRN, B3, 4F. FEARE MBS X AR A AR
AR o3 Ko B R [1]. AEYE RS AUR AR,
2017, 23(1): 27-35.

K2, SOV, SR TEWOE FO 5 b DA AL A
P MR AE 1 52 (3], o R L B2, 2015, 48(16):
3201-3210.

ZH, OB, waR. BRI X o b R
FH - K AR PR R AR R e PR S R (], o Al )22,
2018, 51(13): 2524-2534.

Fei C, Zhang S R, Li J L, et al. Partial substitution of rice
husks for manure in greenhouse vegetable fields: Insight
from soil carbon stock and aggregate stability[J]. Land
Degradation & Development, 2021, 32(14): 3962-3972.
XNLLHE, 4080, & hhhh, S5 DREPEBHEXS B3R R

(24]

[25]

[26]

[27]

[28]

[29]

TR KA W2 R PR R S I T S SR (D], A IR R
2020, 29(6): 1277-1284.

Hu Y G, Wang Z R, Zhang Z S, et al. Alteration of desert
soil microbial community structure in response to
agricultural reclamation and abandonment[J]. CATENA,
2021, 207: 105678.

BEEW, BEAE, TR, AR RN IS X W VLA H 4
e PR B AR B A LB 43 A Bs2 I [J]. AR, 2018,
52(4): 828-838.

EEUE), BRAR, BER, & ARG R 1A
RRTLENE LA []. ARAEMOL K224, 2021,
49(5): 109-114.

XU, SRR, MR, S5 SMFUHT RO 2T Bk K
A LR S AR A E YERY 52 A [T]. FREERL 242740, 2017,
37(6): 2351-2359.

SREGAE, WrelAg, WM, GE. REATIE M
ML S RIS & =2 1], AR B R4, 2017,
36(4): 727-733.

TKEE, EeE. PRI PEBREXT 1 S5 P SR A R A Lk &
BRI, K2R, 2013, 27(4): 263-267, 272.

http://soils.issas.ac.cn



