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FrEANLETRZE (>20~40 cm) , & & 7 AREFHE
M, HiTiZEr, h8RE, Lok, TIEREE
IIATRFEARAY, BB T3 A SRR A ML & A ROk
B, DAAAZH X RS FFAOE 26 1E R, FEFFAEE AL
FIH, g g E, ReElEYr- 2R e s .

1 #RAE

1.1 HREXER

RIET 2011 —2016 FAEIL TH BRI AN B AR
ARG FHEAT, U T i AR K i 2 RS X
FIREAMK, HBHERK, WREES, HERLZ, Y
Fo. BESENETHSE 8.7 °C, FTHHRKERN
479.4 mm, FTHHEECH 2 748.1 h, LEHKE
130~160 d.

RIS X KA e L, AR R A
HLBE 9.60 g/kg, 4% 1.17gkg, pH 1H 7.79, #HE
1.36 g/em’.

1.2 Rt

RIET 2011 SEAKTFLR, HE/NXAREE, RANTIT
W, VHNERIE, LFJETE N 60 cm, FETE N 40 cm, K
40 cm, R FOKRFEFFHTHR, ZRM k45, 3L
SR A% AT B AR R R B 28 AR . R R ITIR JE, I
A CRRREFRREN A, ZRHEs) SEN, &
B, FHE CIN=25 1 1 B EIER . Wk 5 ANk
P A0 1 B A0FE 5 GRS F b H 5 28 0.6 00012 000,
18 000+ 24 000 kg/hm*. 435I CK. T1. T2, T3. T4 %
Re RECREEHLIX 151t f/NXHE 24 m®, fEANM4E
B 3 KER. 2012 FHERHKENATIN T NIEE G %
FEK, 2013 4EFK, 2015 FFRAE E—IRRIEAFEFALE
HHHATREFFIRIE H, B H L b, AR 5K A A
958, M 6.75 Jikk/mm’. JERIHE 4is (N
225.0 kg/hm?, 4if§ (P,05) 75.0 kg/hm?, 48 (K,0)
120.0 kg/hm’,

1.3 #HEmXES5HR
1.3.1 M miRE

T 2016 K, TOKWOR G RE LI, FERE
Frid: BNEFESY 0~20 cm (RJE) F120~40 cm (T
2D A LIER TN, AN X BENER 3 A,
RAEFOR LN &, 7R RS g 72 gD 5+
RSB, DR 3 A TR AR AR
1.3.2 MEF*%

TR E: A1k, RAERFA 100 cm’® KIFR T4 2
USR8, B/NXEUREE N 0~20, >20~40 cm;
T IEH U RS E 1 P S AR WL K H JT 3R 20 4% (Vario EL
I, #EED e

TIENU AR e Y FR AR SR T vE CRIE S
fifi 774 Retsch AS200, 2D . ¥ X T/5 LAHREEH2],
KAV 43E 100 g 43 0dad 2. 14 0.5 0.25. 0.053 mm
3G (RIE 1.5 mm, BE 3 min) , 5 HES%T
I R AR 5 R R E A, TR S BT 2
EEBITL AL 50 g BIRCTHE S, TBONZKAR o £ 07 DAYR 1R

38 mm, HF[H] 30 min fE/KHIH 2o K USCER 311 [ 5 A4
UK VEANBIER G, 65 CHETHMBE, T 1K
P A SR AR 5

1.3.3 ik
ANFERL A TR R 2 AL 1% (D b E
w, - P 100% (1
00

o w, i IR BRI A b, %
RARR; go

V) E B EH1F (mean weight diameter, MWD) 1%
BAVELPHfE S A 5.
1.4 BUESh

K H Excel 2010 #EAT 4 7347, K H SPSS19.0 #ff
AT Gt ., R m EZa i N E KT ZE (One
Way-ANOVA) , &3 /KF ) 0.05; FH Origin 9.0 %fF
ST

2 HR5SH

2.1 BEHTHENLERENTMN

T 2016 FRENE HHEAFE L EEE RS KE, W
SELERWE 1 Fiw, S AbFERE A )2 R IR 13 7% Y
K, £ 0~20. >20~40 cm L2 5% HRAFELL, SFEFT
EH AL IR E LT CK; 0~20 cm H 2 HIEAE K
AEFE I EE CKFEAIK 2.11%. 4.23%-. 5.63%F1 9.15%, T3.
T4 4bFE 5 CK b2 Fik B B #E/KT (P<0.05) 5 >20~
40 cm 12 H IR E L AP EL CK 23 B FEAIK 2.76%6.9%-
4.83%R11 7.59%, Bx T1 b5 CK ZR AR, HAhkHE
F R BRI KT (P<0.05) o 45 R R RS FT R
INAE— e R3] PR o R AR i, AT B8
R EEAEE, FEAE BAE R RIHERHE T Rcs 115
R, SHHERREAT R AR

F1 TREBEALHEXN LBFZENTM

Table 1 Effect of straw application rates on soil bulk density

W N i KLk |4

s %% Soil bulk density
Treatment 0~20 cm >20~40 cm
CK 1.42+0.01 ab 1.45+0.01a
Tl 1.39 % 0.02 abed 1.41 +0.02 abc
v 1.36 £ 0.04 bed 1.35+0.01 cd
T3 1.34£0.01 de 1.38 £ 0.02 bed
T4 129+0.02¢ 1.34+0.01 de

E: AFR/NE PR AR 2SR (P<0.05) , FI.
Note: Different lowercase letters mean significant among treatments at 0.05 level.
the same as blew.

2.2 FEFEHESM TIERBRAEE
2.2.1 AAFILE FAF LIEHAMRAL T M B BB
EREAA)

T TR AT PAIRAF IRUIR 4 rp 2% U AR s 1 T R
WEDEESG, HE 2 Fon, FEFARGEHEX 3%
WU RS 52 P R AR A P AR RS s AN [F) Ab B 4% 3P LA
e EHIRIE R R AT AR — 3, FEEF S E>2,
1~2 1 0.25~1 mm =R, <0.25 mm Figf [H RS
Bl #AFY5 CK MHELEZERS T 2~1 mm HUPE
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Sk 5 & (P<0.05) , 0~20cm +/25 CK ML T3 &b
FEIMR AR, $EE T 59.22%; >20~40 cm )25 CK &b
FEARLL T2 AbFEIEMR AR R, 2@ 1 31.43%; &4 E CK
AR LG R 2 BRK 7 <0.25 mm WU R IR &2 4T 0~
20 cm 1 JZ LA E 1 B Bk MWD {H 5 CK HLE
AP &AL FE MWD H35 5T CK; 408 20~40 cm -2+
MRS E R R AR BT AL 5 CK 2 mm FHR A
EEPIEAL, 2~1 mm 1 1~0.25 mm AR ] B4 5
B, <0.25 mm HRARS B, BRSFHR D&
hn, MWD {38 hn, 5 CK ARFEAHEL T1. T2, T3. T4 &
BN T 4.85%. 13.33%- 17.58%-. 18.18%.

R2 FEFEFITHETIRMIEE 1 F R ARE AN
Table 2 Composition of mechanical-stable aggregates in soil
under different straw application rates

+)z uhpr BERIETI 72 & 8 Percentages of aggregate size/%

Soil Treatment MWD
layer/cm >2mm  2~lmm 1~025mm <0.25 mm
CK 29.03+ 23.81+ 39.35+ 7.81+ 1.60+
0.54b 0.57 ¢ 0.59 a 0.26 a 0.07d
T1 28.32+ 32,11+ 3479+ 478+ 1.63+
0.12b 2.06b 0.62 abc 1.39 bed 0.02d
0~20 ™ 36.55+ 3242+ 27.62+ 341+ 1.69+
095a 292b 1.95 de 1.09d 0.02 cd
T3 35.16+ 3791+ 2337+ 3.55+ 1.67+
122 a 091a 2.03e 0.04d 0.03 cd
T4 36.26+ 33.86+ 26.00+ 3.89+ 1.81+
0.75 a 1.59 ab 1.09 e 1.20cd  0.03 abc
CK 34,94+ 25.07+ 31.39+ 8.59+ 1.65+
0.94 a 0.22¢ 0.49 cd 0.31a 0.05 cd
T1 28.49+ 29.25+ 36.10+ 6.16+ 1.73+
0.58b 1.07b 1.10 abc 0.49 abc  0.04 bed
29.24+ 32.95+¢ 33.55+ 426+ 1.87+
>20~40 T2 095b 0.98b 1.46 be 0.42 cd 0.11 ab
T3 2742+ 30.77+ 35.52+ 6.29+ 1.94+
1.16 b 091b 1.48 abc 0.68 abc 0.04 a
T4 2591+ 30.49+ 36.84+ 6.76+ 1.95+
244 b 0.39b 2.48 ab 0.11 ab 0.04 a

2.2.2 RAFEWEAT LIE KGN B RRK RS A 697 R
IR IR IRTT LI KRR R AR E AR S
i, 2R3 Fw, KEE A B AR AT 2511 <0.25 mm i
2, HIR 1~0.25 mm, £>2 mm 1 2~1 mm Figf & 8B
A, UHAE> 2 mm K& 2D, i & LR KRN
RARE 7 E oy A v] LUE RS AR FE>2 mm /KRR
A SR P 7 EE BN, HLBEREAFAS NS 0, >2 mm 7K
Fatk B AREEIN. 0~20 cm +2>2 mm FIRAE
&, T2, T3. T4 A CK & 34.55%. 59.12%.
93.43%; 20~40 cm 1/2>2 mm FIRAEESE, T2. T3.
T4 ATy B CK 5 3.98%- 78.32%- 69.91%; <0.25 mm
AR E RS CK AL LRSS o &3 b gk, 0~
20 cm )2k T1 ACFEH AL AR S CK AHLL 22 R IE 3 B 2%
KF (P<0.05) ; >20~40 cm 12, T3. T4 435 CK
AR ZE RIA R KT (P<0.05) ; >2 mm. 2~1 mm.
1~0.25 mm, /KEVEF R D ES CK AL &40 H 0~
20 cm 238 E T 33.73%- 39.92%- 36.20%, >20~
40 cm 2B E T 8.37%-24.18%-32.39%; >0.25 mm
IKFE T B AR BOR BRI MWD, FEAT S N 4% b #4452
IKFRPER R A MWD fE = T CK, B AS A4 I 238 in 1
Be/K R A R AR MWD E38 0, 0~20 cm 2 KE
F5%fAR MWD 5 CK #HEL3 3R & T 2.68% 30.86%-

36.9%- 42.94%, B T1 AFEILAMAFES CK b2 FikF|
5 2E KT (P<0.05);>20~40 cm 2K Eat: F R A& MWD
5 CK A4l 5 T 1.89%. 5.66%- 33.96%- 37.74%,
T3 Al T4 4L 5 CK HEZRIEF R Z KT (P<0.05) 3 %
Ab BRI AR AR 1 B AR MWD 8 = T K et B R Ak
MWD ff . P2 A IXFE 45 J AT B KR ARK R 1t A SR AR 7E K
AR SRR o s R
%3 FEFEFITHS 8K F B AR A

Table 3 Composition of water-stable aggregates in soil under
different straw application rates

L= BT o P £ ize/?

K E 71 & Percentages of aggregate size/%
Soil i MWD
layer/cm

Treatment >2mm 2~ mm 1~025mm <0.25 mm

411+ 9.20+ 21.08+ 65.61% 0.50+

CK 021c 0.56 a 1.23b 130a 0.01c

T1 3.97+ 9.75+ 23.93+ 62.35+ 0.51+

0.09 ¢ 0.50a 1.29 ab 0.98 ab 0.01c

0-20 ™ 5.53+ 15.16+ 25.30+ 54.01+ 0.65+
1.14 be 083 a 2.96 ab 343bcd  0.04 ab

T3 6.54+ 14.72+ 26.86+ 51.88+ 0.68+

0.61 ab 1.08 ab 039a 1.62 cd 0.04 a

T4 7.95+ 13.45+ 2544+ 53.16+ 0.71+

093 a 0.98 abc 1.64 ab 343 cd 0.05 a

CK 4.52+ 10.14+ 2248+ 62.86+ 0.53+

0.91 be 0.59 cd 0.51 ab 035a 0.03 ¢

T1 3.86+ 13.63+ 20.25+ 62.26+ 0.54+

0.15¢ 1.70 ab 2.12b 1.79 ab 0.01 be

4.70+ 11.34+ 2422+ 59.75+ 0.56+

>20~40 2 0.46bc  0.93 bed 1.28 ab 2.65abc  0.03 be
T3 8.06+ 13.77+ 2429+ 53.88+ 0.71+

0.88a 1.53 ab 1.80 ab 4.05 bed 0.06 a

T4 7.68+ 16.19+ 25.30+ 50.83+ 0.73+

032a 1.46 a 1.82 ab 3.57d 0.04 a

2.3 BEHTHESTIEARKEIRESEEN

o AN 7 A 3 - AT LB AR P A SR A4 AL 2 4 S
Kl 1 For, FEFHEHEERm T TR S B8 .
FRR NS R B E WU =T CK, 0~20 cm 2
>2 mm RS AL EELL CK 73051l 5 HE 2.95%12.24%1.2.40%
0.66%; 2~1 mm HIEMAEFLHL CK 7 hlmEH 6.47%.
3.23%. 5.51% 1.61%; 1~0.25 mm FIEAEZAHEE CK
Sl 7.77% 6.29%. 6.77%- 5.95%; <0.25 mm PF1%
AR CK 203 10.02%. 7.45%- 7.34%. 11.33%.

COCK EaTl E5T2 EaT3 ©=IT4

=13 ~18
212 L 216
i) i)
&G el 9% 14
='Eg10ry =E'g
wes 9 512
HSE g S E 0
287 125 s
£ 6 £
§ 5 L 56 £
<]~ 2~1 <1~0.2
Eik: PG Eik: PG
Aggregate size range/mm Aggregate size range/mm
a.0~20 cm b. 20~40 cm

B 1 RRAAZLZEE TR L& LA RAA RS 6970
Fig.1 Effect of straw application rates on soil organic carbon in
soil aggregates

20~40 cm 1 JZ>2 mm R AAR KA L CK 430 H
0.41%- 1.18%- 7.11%- 19.32%; 2~1 mm 3 {& & 4b 3
Eb CK 05l 1.72% 5.05%-. 13.46%. 41.50%; 1~
0.25 mm PBIRAESAFEE CK 2595 H 3.14%. 6.26%-
15.59%-. 46.23%; <0.25 mm RS AFE L CK 25 5
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H11 1% 12.75%. 18.92%. 49.08%. FEATiRJZitH,
PR AR AR B & & T, 6 20~40 om 122 3
RS BN T X 0~20 em R
2.4 FEHLHEXEXRFEEMN

2012—2016 FHEAKM=EREKH (R 4, FiabH
R 2012 4N T2>TIST3>T4>CK , 2016 F A
T4>T1>T2>T3>CK, 2012—2016 T K7 BE45 L

FFRRIE B0 TR SE = A (231 E A, H 2012, 2016 25 CK
AH B R K P ik B 2K (P<0.05) o WIS, 5
CK AR K = 38 R v Ab B8 O A #1340 H &= I AL 3,
B 5 B[R] ZE K, 7 B R R AR AR AL, RS AT AL o Ab
HBEPEE RSN, B R AE R bR L, T2 AbERFY
FRIE & 5 S b ok — A BIURS FF 7= B M A, TR e A2
FEHEFE 12 000 kg/hm?® A5 ATk H & .

R4 FEIFEFERE N KRR

Table 4 Effect of straw application rates on yield of maize

e 2012 4F 2013 4F 2014 4 2015 4 2016 4
Treatment /-t Yield 3477 Yield 778 Yield/ 34/ Yield <& Yield! M4/ Yield ;7R Yield  H47” Yield  7E Yield/ 347 Yield
(kg'hm?) increase/% (kg'hm?) increase/% (kg'hm?) increase/% (kg-hm?) increase/% (kg-hm?) increase/%
K 1175747+ 1134991+ 9857.47+ 9396.65+ 12 060.33+
125.58 ¢ 552.69a 278.32a 222.64a 181.87b
12 898.25+ 12216.13+ 10 398.25+ 9914.17+ 12 621.84+
T 212.75ab 9.68 358.86a 7.63 557.45a 349 112.44a 331 367.97a 4.66
13 288.20+ 1222835+ 10 721.53+ 1023125+ 12 869.01+
2 230.46a 12.99 668.73a 7.74 370.28a 8.77 570.09a 8.88 543.65a 6.71
12 710.63+ 11 646.80+ 1037730+ 9727.08+ 12 707.96+
L 279.59ab 8.09 355.75a 2.62 443.20a 3.27 537.55a 3.52 604.70a 337
12 478.60+ 11578.03+ 10511.93+ 9914.20+ 13123.52+
T 205.88b 6.12 661.22a 2.01 297.31a 6.64 428.16a 331 274.35a 8.82
3 i i AR FC A AR A 7 AR A 22 W B 43 i B, A SRR

T T B4 508 FE SR R A RS AT 45 4 0 P 0 S R 3
P, ARSI RO AT R R B B . A
FERLH], FEFFAS[E SR B o -1 e 75 2 s 2. 2%,
5 CK H & AR BAIG 7 13, X 540 E B T 5 45
R, MW R R IR AT R L B %A R RS AT
O\ 398 7 R L RS S AR, RS FTIRIE F 2
7 AR, NE A KO T R R, 1
PP AR B E U, e TV gl R MR FR IR
A SR T T, LAk, AR
BT

49 L 4 R LI (R TR, R AR R
BT R —, IR R R A
REPE B T R, R ST, ARG S i R g
HHUR 0 E 0 AR g ch RS FRR R & 4E R, AR
FERFIE B T AR L2 AS[E KL% 1 398 3 Ak 4 A
PO R 2 e o A FEIAROE F 4% E T S T 0 5 1 4 3
o R R AR A AR 2, U A SE YR R R A LA
>0.25 mm B 2% 10 K 58 k9 T K R T R Ak A
<0.25 mm KRB BAR N T . FEFF AL T R ER
TRIITE R, &b BT 38 B 4k MWD #9751 CK, X2
H T ARG TR 40 ok R PRt 1 RS, A SR Ak i T B
PR T M. VY Z BT SR I REFTIE AT DU k0 A R
PR U282, L 4 B A 0 R P G 7E T SR
IF) 0 2 450 R 1 A R s e, e AR i S e A LR £
FEER SRR R B, IR SRR LR,
FARE. MR JLT BEA RS2 7 R )
SR 3 ) FE SRS A0, 2 S R Ak A A R e 1
EEEZE, M DI S, 2 RS Y,
O i i E A R L A 2 W D, BN (R A
VERIBEARBE J1. AT FER W], RT3 B 2 1 4 4

KLSH YRS S AE i, V521 207l I AR S5 P 5 -
LRI, G AR ARG S AE kS, T P 22 ARG
BeRRa e R RARCY . 3 B SR AR BB 1 A 1
HENBRBETE, THR G f IR R
PERT, RIRAW) A S SE R B AR R R AR . AT
FEAWIREAT A I 0 1 3R 2 B R AR AT WL 5 B
Xt 0~20 em IERIIRARA HLIK & BN, X 20~
40 cm P RMA YUK S ERNEOR, X 58S S0 5
RIS FFERIE F 2R AR T 3 o A A e — 82 kb
F A S VI 9 3 RS A TR P S R AR A LB
EEL TR, SRR H R R Z (20~
40 cm) EEEA P S BRI, RIS T LSRR
JER, R S SR ST RS FRIE F — 7 T 4R At
THNEA BB, 53— 5 T AT i A LB AR D [ 2R A
TR s et 7 B R AR R TR R, 2k 1 1A
RikMRE, KEFARY, RENBRETEEZS
WUBRERA TR, (R 35 1 [ R A7 520, e AR
FRER IS4t 7 ANEA DR A HLAt S SR, R
FERAR AL IR AR U R R KRS CK I
PR . SR U RS FFIRE AR 2 1 4R
KIRMEFE AR, MImfEEt 7 SRR ARAK, Ik
WRABCH I, oA 22 (R K B ROK 7

4 2 it
BidES: 6 FEHEEMIRIG K, FEFREHA R

FRA L, RS AP H BRI B 2, W 3T
KZ (20~40 cm) [ KT HIER)Z (0~20 cm) 1Y
oM, REFFIRGE o m 138 A R AR S5 M, Rk T 3
RIRMIE SRR, $em T R R E RIS &,
FEFFIRIE R Z 30N T BoKp= &, HREAEF5br, 5 45~
B e SRR, FEFT M & 12 000 kg/hm® BE4A 1 1 E
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B, B F R HER 12 000 kg/hm® FEFHEH &, #5
FRAIE AR AR B E ol sk R, Bk E
JERIEEAT B AR 7= B R AEH -
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Abstract: Northeast China is an important crop production area, so the amount of crop straw in northeast China is large.
Among of main utilization approaches for straw, the straw returned to soil is the most widely adopted approach in China.
Returning straw to the soil is beneficial for optimizing the soil environment, preventing and controlling soil degradation, and
reducing air pollution that results from burning straw. Currently, straw is returned to the soil in the following three ways:
mechanical crushing with backward pressure return, direct mulching and returning straw to deep soil layers. There are many
problems with the first two approaches, straw decays slowly because it has a relatively high carbon-to-nitrogen (C/N) ratio,
which is not beneficial for the next crop and can decrease the rate of crop emergence. Returning straw to deep soil layers, the
bottom of the soil plow layer is broken, the soil bulk density is reduced, and the soil structure is improved. Meanwhile, as
straw was buried in the furrow. Crops were planted on the ridge in next season. Thus, crop roots do not directly contact the
straw, which could reduce the incidence of disease caused by the harmful substances produced during straw degradation.
However, the optimal amount of straw return has not been determined yet. To determine the effects of straw application rates
on the soil aggregate ,soil organic carbon content and maize yield under the condition of returning straw to deep soil layers, ,
The experiments were conducted in the experimental field of the agricultural technology popularization center of Lingyuan
city, Liaoning province from 2011 to 2016. After corn harvest in October 2011, five treatments were tested: no straw
application. The application of maize straw was at a rate of 6 000, 12 000, 18 000, 24 000 kg/hm’. The straw was incorporation
into the subsurface of soil (>20-40 cm). Apply additional nitrogen fertilizer according to C:N=25.1 . The experimental plots
were arranged using a random design with three replicates, and the area of each plot was 24 m®. The aggregates amount was
examined by dry and wet sieving methods. After straw application for six years, compare with CK, all treatments significantly
reduced soil bulk density. The size of dry-stable aggregate and water-stable aggregate were mainly >0.25 mm, <0.25 mm,
respectively. Compared with CK, the straw application treatments increased mean weight diameter (MWD) and soil organic
carbon content. With the increase of straw application rate, MWD increased. The effect on aggregate SOC of surface soil
(0-20 cm) was greater than that of the subsurface soil (>20-40 cm). Compared with CK, the straw application treatments
increased the maize yield during 2012—2016. In general, the maize yield increased the most was the straw application amount
of 12 000 kg/hm? among all treatments, so it is the recommended treatment. In conclusion, returning straw to deep soil layers
can significantly improve aggregate SOC, soil structure, stability and maize yield and is a suitable agricultural practice to
improve soil quality in Northeast China.

Keywords: organic carbon; aggregate; straw application; maize



