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10 ~20, 20~30, 30~40 cm 4 MEREL)Z, FREANSEXI, it 5 A, ESME ORI RE GRS, SRR
RIS >2, 2 ~ 025, <0.25 mm 3t 3 VR, e T EE A ARENEIIKE R, 2REW . O HERETRES
B SRR RS M LA RO AT SRR (>2 mm) S g (P<0.05), FEFFHAEZE 0~ 10 cm A1 30 ~ 40 cm J5#i4£>0.25 mm
W B AR BRI R, X M BEEACR A, QMRS FF— IR PR I % 0~ 10, 10 ~20. 20 ~ 30 cm PH4R)5 +-3E
HUBSS RFEAL, B % 30 ~ 40 cm B4 JG HHEE DL SR B EHI (P<0.05); OFEFFAYHASIEE b H R IR I RIS 72,
A TRIVR LI G ot PSR A BB 23 A A RE MR [R], ELERHG I T KR IR IR N A AL A & i, LA RS RRIA, REATIA 2 iees + 4
450, RIEE LRI, B E 30 ~ 40 em X HEER AR FIE I ERER S, AP E B E8m, ik, 30~40 cm
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Effects of Different Straw-Returning Depths on Soil Aggregate Composition and Organic Carbon

Distribution
SONG Yiyi, CAO Yang, DUAN Xinying, LI Jiaqi, ZHU Xiaoqing, ZOU Hongtao", ZHANG Yulong
(College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: In order to explore the effects of straw-returning depth on aggregate composition and organic carbon distribution in
aggregates and soil, brown soil in Liaoning was used for a field micro-area experiment with crushed corn straw returning, in
which 5 treatments were set up: CK (no straw returning) and four straw-returning depths of 0—10 cm, 10-20 cm, 20-30 cm, and
30—40 cm. Corn was planted and soil was taken in 2 years after straw-returning. Wet sieve method was used to obtain soil
aggregates of 3 particle sizes: > 2 mm, 2-0.25 mm and <0.25 mm, and organic carbon contents in soil and aggregates was
determined. The results showed that: 1) The stability of aggregates and the content of large aggregates (>2 mm) were increased
significantly after straw-returning to different soil depths (P<0.05). Returning straw to 0—10 cm and 30—40 cm increased the
content of >0.25 mm aggregates greatly, indicating the better improvement on soil structure; 2) Organic carbon content was
reduced after straw-returning to 0—10 cm, 10-20 cm and 20-30 cm at one time two years later, and organic carbon content was
significantly improved after straw-returning to 30—40 cm (P<0.05); 3) The input of straw promoted soil agglomeration process.
Straw-returning to different depths had different impact on the distribution of aggregate organic carbon, but they all increased the
content of organic carbon in large aggregates. The above results show that straw-returning improves soil structure and promotes
the conversion of organic carbon from small aggregates to large aggregates, straw-returning to 30—40 cm has a more obvious
promotion effect on soil agglomeration process and increases significantly soil organic carbon, thus, 30—40 cm is the more
reasonable depth for straw returning.

Key words: Brown soil; Straw returning depths; Soil aggregates; Organic carbon
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LSRR - R — A R R b
AT ERARAE Ry - L5 R0 B JEAS AT, 52N 2 133 7K #R
LTINS AN P | 2 F A B N =g 3 s
it IR Lh R M E B AR . AR s
Fe e PR AT DASR o LB, e R RIEAE D, DR EB
AR XU, AR TR AR R AR AN R AR e
PER A RSN R 434% . >2, 0.25~2, <0.25 mm!?],
TIEA IR (SOC) & R ERBRAG I Y FER, R4y
FHEA B D, HHGETS T, R AR 41
A BB [ 22 2 T — A E AR o A AR, - i A
I 2O P SR ARG P %) 5% T A A 2 P - A AL
K B Sk IR 2R RS AR BV R iR )92 RO RS
FRALEE T, AT AR Atk B2 g i
IR EIER, BIEY) ™ &, Rl rT R &
JEPL, B AFFEHE T, SRR H BEE 58 398 A SR AR
Fase | ol RIS, (PR AR AR
T DX T 7 b A A S AR AS [R) 45 21 B T 5 245 54 o
22 5081 MR OGRS A H X - A MR LA S A SR
A S A BILAR 75 8 5 T AT 9 285 SR AN R AL TR] , 22400
FEUCHREFF IR H 238 e HLak & Y, (Hdg
BB BT AT RS AR IA B 3 AL N —
FHN . Pei HEhE L R FARICHISE KB, TOKFE
FEIA 3 f5 230l 438 v ST AT AR i 308/ A e
P AE I W PR R IR AT, FER I T g LA
FF I8 B 5 45 K 90 A1 SR A N A LI 55 Lb of R B 2 4
i, FEARAE 7 4358 1R A H IS A SR AR P9 A BILAR 75 o
XTI B 255

AT, J&TREFFE AT 32 538 T RSP 55
FEFFBERFAER R FIFEFFIRA I, SHTFREFFEHZE 0 ~
10, 10~20, 20 ~30., 30 ~40 cm + /)25 +3E M1
S AE AL e Z TR o HL Y RS FRAR HAH G5
2RI, X TR — R P I PIAE S + e IR
PRI B AR L EEA BT 5T o BRIIE, ARHF9E DAL T HB X
BIRFE R ST 42, ek FH [B) (o X561 0 ~ 10,
10 ~20. 20~30. 30 ~40 cm 4 b HIRE, BFsFF
KR I8, LAAE 7R 7R R AR FF— UPE R 2R [
TRBE PR AE Ji5 1 398 A1 SR A2 RN AT MILAR 75 it A4 28 Ak
B, BRI T AR R RS AR Ak R, DA
AR A B RS FF R H BB R 22 A

1 #REFE

1.1 fEAr R
IRIGAE VL PH A KA BRI B0 FE 0047 | i 33t
M TFILTA TR BT (41.82° N, 123.56° E, 4K 43 m),

BRI P R R A, AR 7.9°C,
FHHY = 7°C RS RUR N 3 281°C, H BEIECEY N
2 3725 h, KEFEW 160 d 4, SEFEFEKE
714 mm, A HOZ AR, 0~ 10, 10 ~ 20,
20 ~ 30,30 ~ 40 cm )2 HHEHORBIEIE AN 1 F7R.

R1 FETETFEERBUMR

Table 1  Soil properties in different soil layers

+ 3R E pH KHEH ZERiIR3 2R
(cm) (g/em’) (g/kg) (g/kg)
0~10 7.07 L12 15.27 1.93
10 ~20 6.71 1.45 18.35 2.04
20 ~ 30 6.64 1.52 12.23 1.18
30 ~ 40 6.49 1.64 10.25 1.09

1.2 MRFE

121 AE IR 2018 4E 5 I HR, TRk
X AT, XK., 5. mo5h 75, 45, 50 cm,
FTIEHIE PVC HER L IX N 185 458 + 3R T,
PVC HEXETK 40 cm, LIRS HLTA 10 em. RS0 &
SRR, AFE 4 A0 R AL BRI 1 XTI, A
AbPE 3 ykEAE, HAE 15 MMIX, BEPLHES, B4k
AEBEANR . T1, 0~ 10 em +J2 HIESFEFFRA; T2,
10 ~20 cm +)2 HIESFEFIR S T3, 20~30cm +
B SRS T4, 30 ~40 cm 12 T3 5F5FF
RA; CK, AiliFEFEXxT IR, 3 0RpA S 5 R
FEFFIA R, A CRAE 3 i 2 ok, R e X )
P EIIX 1Y 0~ 10, 10 ~20, 20 ~ 30, 30 ~ 40 cm
HIZBGE SR IF R R R AR (1) FOKFEFF 534 H 2
WEHERS), B a5 /NX R 2 R A B #
FFi6 HFHER 12 000 kg/hm* (4 F b 1), 768 AFEFT
()[R BS RE AKX BT 57 g JRZE, JH%E C/N Sl 25+ 1,
FAMUIX N 0~10, 10 ~20, 20 ~30. 30 ~40 cm 43
JEHRBEE 7 W R G RET, W 3Ky | IR Bh A
AR Ak A 3R S AR K, SRR R R 968
A B4 L B | IR A IR (N-P-K=240-75-75),
BIWE R AL — R MRt o AR R TUX  SF RE R Rl 2
BRI, a4 4 FE 22 ot i B B A, Rtk
FIVEE, W2 KA Jr U IR

1.2.2 FERCREE T 2019 4F 9 H EKigkm R4
e, R CK 0~ 10,10 ~20, 20 ~ 30, 30 ~ 40 cm
T2, UATIAO0O~10cm )2, T2 #) 10 ~ 20 cm
+J2 . T3/ 20~30cm 12, T4 ) 30 ~40 cm 12,
Sy WHCHE CK10, CK20, CK30., CK40, T10, T20,
T30. T40. JURHHEHICE &t fAsh, HTHEER
PRI 7 53 S 75 J A R I A 5 TR R — 3R 7E H
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SR T T HIRE, FT AR BT 4347
— R T KGRV MR H
1.2.3  WE Ik PR SR AR B 40 R R AT, AL
TRERE Ry  IRBCHT i L FE 50 g, B LAR 5510 2.0.25.
0.53 mm PYEGHZIUT A L2 T HE4, KFRair
0 = 5 O I a0 = el O = S B 11V 8
B A A EL R K T ey A RS 1235 5 min, SRS
PIPRIE 38 mm HEATHH 4> 15 min, $f H3EGH 408 3 4
K (>2. 0.25 ~ 2, <0.25 mm)., H5i50)5 1 HEER
T o BIFRE, FHOTBRRTE Sk 100 Hif, TR
MriX (Elementar 11, 78 [E)FE4 745 HLAR 190 5E -
1.3 HEFE

T 07 v T AN [ R 2% AT 2R AR g Jo it 3 e (1) =X
S

R=m;/m x100 €))]
Kb ROA i R AR (%) s my R i Rk
PIRIA T (g); m Ry -3 R 2 AT SR A o 5 1) BT

Rife>0.25 mm AT AR RSB (Ro 25)4% R B
FHR LR AR Q)T

Ro.257M,20.25/m X100=[1-m,<q 25/m] x100 (2
s myg0s ARIAE>0.25 mm B RIKFE(2); m<o.s
NRiAE<0.25 mm A RIKRE(2).

RARNA DU STk 42 (3) 57

C=SOC;xR/SOC 3)
b Gy i RPERIRAT HLBR STHKAS ;. SOC; i
B RAR PG HURR 5 5 RN i R AR BT it 53
£ SOC K4+ AN .
1.4 ¥iEALE

% FH Microsoft Excel 2010 $E4 7404 R AN (E |
FruE2et 8 SR SPSS 19.0 BB TEHH 0, H:
W7 223 M B 207 22(One. Way-ANOVA), Av[f]

b3 6] 2 18 AR A Duncan ¥ SR — et
A (GLM) 73 H7 1 JZ B FEXT A RAR 52w . 2R
Origin 9.0 1745 14

2 ZR5H5Hh
21 B THZEREXTEKEERARGTRES B

sk

Fili AT 3 FH 2 AN [) VR 3 J - 38 DA SR AR 4 A 5 % R
AL FEAR HE AR LI B 2 A 1), e SR EX
FEFF, HHOKRMER RIRA R LI<0.25 mm Rk h
F, FRECN 40.20% ~ 59.81%; A [FIKLZE AT IK
Era (MR BT 2 57 B35 (P<0.05), HEEMNK
/MBI R R <025, 2~0.25. >2 mm, fE )2
TREEWHEN, >2 mm RIS N, <0.25 mm Figh
0 L BN SR NN LN e B i Tt
ERAATE . BINFSFFLAG, >2 mm R
Hn, HAPLGAHZE 0~ 10 cm 130 ~ 40 cm + )25
TR AT A B BRI L AE R s >2 mm Fl 0.25 ~
2 mm R FIIFEFEFFERANZE 0 ~ 10 cm + 2 B35
K, I 88.51% il 16.87%; FiAFidH &=
20~30cm J5 >2 mm R & m, 5% 30.56%.
FEAFIAH 2 0 ~ 10 cm F1 30 ~ 40 cm Ji7 T3 Ry,s 5 XF
HEAH LB i 2, 35935 B 7K F-(P<0.01),
22 BEHIHRENTERABRKEIHRIEN

A
2.2.1  FEFRAHVRES BHERA PR S A A
IF) R S FF 3 FH X 4 8 A MILBR 7 o R AN — B
(Bl 2)o EKFEH—IKPELHZE 0~10, 10~20, 20 ~
30, 30 ~ 40 cm Bi4FfE, +J)2 T10, T20, T30 4
A BB & 34 ok B sl o T10 AL

R 2 FRBHFEBERET LRAKRIEEAREEN

Table 2 Composition of water-stable aggregates in different straw-returning layers

AL £ P R Ak B 4 (%)

0.25 ~2 mm

<0.25 mm

+Z A3
(cm) >2 mm
0~10 CK10 4.37+0.19 eC
T10 8.22 +£0.89 deC
10 ~20 CK20 11.66 £ 0.26 dC
T20 17.51£1.30cC
20~ 30 CK30 22.11 + 1.48 bC
T30 30.56 +2.33 aB
30 ~40 CK40 16.83 £ 0.59 cC
T40 25.63 £2.49 bB

40.42 £ 0.92 bB
47.24+£0.25 aA
28.52£2.57 efB
29.00 £ 0.30 efB
30.48 £ 0.35 deB
26.22 +0.63 fB
32.83£0.42 cdB
34.17+1.02 cA

55.22+£0.73 bA

44.54 £ 0.65 ¢fB

59.81 £2.76 aA

53.49 £ 1.59 bcA
47.403 £ 1.25 deA
43.22 £ 1.70 efA

50.34 £ 0.88 cdA

40.20 £ 1.47 fA

T e RIS (] /NG B 2 Ak B ] [ — s 20 AT SRR 3 4k 2 57 4 35 (P<0.05), [RIATAN 6] R 5 F 3 7 [] — b BN [ A 9 P 2R A 35 ek 22

5t I #(P<0.05),
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Fig. 1 Proportions of water-stable aggregates larger than 0.25 mm
in different straw-returning layers
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Fig. 2 Contents of soil organic carbon in different straw-returning
layers

& B D B R T KT (P<0.05), T30 T34
Bl 2 /D Bk B T AR 2K (P<0.01). Bl +
JZURBERS N, iF H A+ )2 5% 18 4 J2 A HLAK & 22
1l 2B WA A%, T10, T20., T30 43510/ T 1.16.
0.52. 0.84 g/kg, T40 +3EAG HLRK & 500 I8 Ab PR
FT 17%, Ik 2 8 2% K (P<0.01).

2.2.2 AT FHUR X 4 49845 b % A SR A4 ML 7
grigiip=Al| FARFEF—RKMELHZE 0 ~ 10, 10 ~
20, 20 ~ 30, 30 ~ 40 cm P4 f5 1 A AR N A ALK
FRNE 3 FR o ARBIASFF 3% 2 RN
AP AR ER 0 ~ 10 em )24 5L BRE A B A0k 44
U/ INTTHE I A R A, TS IR AT 1) - 49825 0 AT SR R
HRA ILRR & B AT, SR A MR S B B A R

B NTEAR . 15 T10 T34, HAb +ZF5FFE
M5 3 >2 mm KCg b HURk & & W E 1, HLAE
T20. T30 48 2 53k 4k & 2K ¥ (P<0.01) ;
<0.25 mm A BLRR &>, 25 A R
FIKF(P<0.01). BITEFREFF— IR H G T10 -3
<0.25 mm KGR A SRR P 3 ALK & 2 G2 1
(P<0.05), >2 mm Fl 2 ~ 0.25 mm $i A HLAK & &
/D (P<0.05), B HEERESE N, HRIEN
(A AR 5 e AR T SR B s D B R

Fli AP FH 25 A )R S5 4 48 P SR A4 BILA m ik
RULE 4, Bk, WG EZWREMSEN, >2 mm ki
A RARAT WA DTRR RGN, <0.25 mm FZRAAATHL
TRk N, RIS I EAREE R, >2 mm +
B SR ARAT HLAR DTRR R I HG n, LA H % 20 ~ 30 cm
F130 ~ 40 cm By, 43163 31.87% Fl 27.46%.

3 itig

31 BEHEHRESARMEKEARK

FEFFIAHZE 0 ~ 10, 10 ~20, 20 ~ 30 cm + /2
WIAE S5 B B4R 5 7 >0.25 mm K 5 1, X 5 HETA
F 98 25 50— 20, R FFAA A K B9 A HLRE ) i AL
HET A3 /IR AT SR AR ) KR G A SR AR AL, 5
THREREYE, MGE T R — T, ) b
TR INASFE LUS , RS AF I8 e = Az Jeg 3 A S TSR (AT
BRI ZE 5, AR E T KA A RAR AT U0 55—
T, REFEIE RS RO SRR IR R R
F P AR R OB 2 R4y, (R HERAR R
TR, 43 2R ot A BRI S e 5T de
Gryze ZFUSHEH, etk sk i A L3R, K
PSR4 R S 2 05 sh i B 23, Sk i AR
WAL T IR A RARA . FEFFAE A 0~ 10 cm
130 ~40 cm )25, 14 >0.25 mm K HIEhnE
SR S, A AR R R AR A 2R, 0 ~
10 cm M1 30 ~ 40 ecm + 20 HIEFZMTE A K
PR ARG TE B o 7K 3 R 2 5 Wi Bl 2 4 3% s 1 E
BHZE, BAERE0~10cm L2, A%, H
REXTFosaEEeE, MAEYA 78RR MR E
s FEFFIAHE 30 ~40 em B, $THE T AUR)Z, +
HEABRe G, ¥ T2 EKE, MY
TGN, PR T RS, EAFHAR T
JINKE G 1A SR AR 1) R 1A SR AR 1O
32 HATHRESHEN®RSH

Aegirh, FAREH—RKEEHZE 0~10, 10~
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Fig.3 Contents of organic carbon in aggregates in different straw returning layers
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Fig. 4 Contribution rates of aggregate organic carbon to soil
organic carbon in different straw-returning layers
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F )2, KA AR AR N AT LR B I E T A n oAt £
EE, ATREEE N T2 RN PR RS, A
RO HAEDRAR, FFHFEHE0~10cm £)2,
VA SR AAAT ML A 1 28 Ak R 5 LAt - JZ R TR A2
N2 B HE P LT VR R TSR, /NVRLR A R R
AOUREFEE, FTLL >2 mm A P B AR A LR &
D . AR R, KRR AT A HL
SRR HE T 32 R A e R R B 2B —4F, #E 720 d
PRI f st AR b, o RS AR BRI 2 it 2
Xof - AT AT AR = A B SOR SN , 2 S BUREAF— IR
PRI 2 0 ~ 30 cm + )2 AR5 1398 S A R AR AT HL
B 7 T A ST 25 51 5 A AR 45 SRR — 3

4 Z5ig

Tl AP HH AT LA 3% S 50, AR INAS FF 2= AR TR
B G £ HErh >2 mm kg R AR S 3538 , A1 3R
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A /IR [ $ AR TR AR (R Ak, >2 mm K%
VAR A N A MILB 5 S 380, A BILBR STk R 3Em  25
W, BYREIRFEFT— A H B AR R AR, if
FH 2 30 ~ 40 om VR 4980k RO b, SR IR
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