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Abstract

Maize stalk return can affect soil structure and soil nutrient stocks, which are important for sus-
tainable agriculture. To study the effect of the maize stalk returned on stability of soil aggregate,
this study adopted the plough for deep furrowing and ridge of maize stalk through the field trials,
compared the effect of different quantity of maize stalk returned on soil aggregate distribution
and stability under two modes of whole maize stalk returned and crushed maize stalk returned.
The results show that, in the western Liaoning province, the corn stalk return had significantly (p
< 0.05) higher soil aggregate stability than CK, both the whole maize stalk returned and crushed
maize stalk returned can promote the format of macro-aggregates (>0.25 mm) in soil, the mean
weight diameter of the soil aggregates increased and the fractal dimension decreased at all depths,
yet the crushed maize stalk returned was more efficiency. Subsurface soil agglomeration was
slightly higher than surface soil. The amount of maize stalk returned was better from 400 to 1200
kilogram per 667 square meter. The results will provide a theoretical basis for improving the soil
structure by returning maize stalk to the field in the western Liaoning province.
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FEFFEHE T AR TIRE AT &, ISRV EREE. AT HRITHEIE B R EA R AR
EMERE, AFIOERKERR, RARSFREE AR BN T RFEAT 5, B T 8RS
EHABEMAFERRMAERT, FREAFEDEST LREAF A AIHE R AR AR E . FRg
RRA: BTEBXIIEX 2R AREREREE — SN RRER, BT BRI E B R
T3P KREARME(>0.25 mm) R, LB FHERERLEM, MHES TR, BEFEHERN T8
KARGEHMER, TRETBRARERE TRELE. BFEHELI400 kg/667 m2~1200 kg/667 m?
NE . BTSRRI XA H ik B AR EE IR — e R R
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1. 5|8

RER S B —RATRE, 2 2015 FRELH 7.19 14 ¢ RIEVFEFT, L8 s T AR S A1) (2],
Hrp B R IX R SR 2008 12,606.1 /3 t [3]. FEFFIE HZKAEYREFT B3R BOERUR 245 i\ L
B — M5, H R 80 AR AT [ SRR REAT Ry e ELREE H DR, REATIE AR R 7T 2 (4
R I 3 A R FE AR e R (W ORI, 1T BB AR AR S8 X T 3R EE M i L 25 B psg 1 (4]
[5]. FEAFIEHIRERS P E R 2, (2t TIRBIRARRE 6], RN T LR, LA
AL BN AT A FIRE LRI (7] (ERS ARG R 32 B ISR L 3R 8y AR LRSS
PRI BRI, REATARSS . OB AERE SEME F U5 ¥4 Al 2 BUREARS AT I8 B 6 3L TR BCR AR — 8. A
WETE R, T RAEHREA L, AR TREAT 2 MEAE 2,  So Ja FE AR R N LR BER0[8]. FEAT
& H BRI AR By, R R 2, RGNS SE RS, X N REAE MR KR i A
FIBERER], IMAR TRAEH Sy, F2 5 AEE=9].

IV X AR T R AR, RIEORE, HIRASECE, T2 HUMAL B E R it X 13
JUEESE T, TIEp R, AURE ER[10], SBEEEKEEN TIE, XA O IX AR
P ZERRhG 2 — o MZ XA 8 I FORRE AT B, AT A 5 Bt PR X a2 X 398 i i 1 9
KA. R FOEE RS 5%, 3R T ARSI R . AR RS AT I H x5 ]
RARGE R PRI, DU 2 X R P RS FFE S B 3B AR 70 v L33 A 7 3Rt — e iR 2K
1o
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2. RIS
2.1. FAREXER

R -3 0 K H LT B EL(N41°44'-42°34', E121°01'~122°26"VF1iL T4 B 17 (N40°35'~41°26',
E118°50'~119°37"), B ELAIE T A4 T I A VX, Jbiias T R ERRREEAEX . KR
BEWASIR 72°C, HEFE > 10CHIE N 3298.3°C, EXEKEN 500 mm, 4 EKEEFLE 5~9 H
By, LIRS A A, RO E L B LR 10.31 g/kg, 2R 0.68 g/kg, 4 0.76 g/kg, 44 23.53 g/kg,
WA 53.16 mg/kg, A 6.49 mg/kg, AN 130.21 mg/kg. EIRTTHELIR 8.7°C, H4EFH > 10C
FUEN 3443.1°C, FEHMEKEN 4794 mm, SFERFKEETET 6~8 H ., LIERACHEIE 1, Bkt A+
A, HHUR 12.58 glkg, 2% 0.79 ghkg, 4t 0.81 g/kg, 44 26.22 g/kg, RS 74.23 mg/kg, A
11.03 mg/kg, HAH 150.11 mg/kg.

2.2. AT

FEFFIE HASG T 2014 45~2017 FE3ET, B5E R BRAAFICH B, w2 TR AR 8
HAEE. 2014 FERKZR FORUCHRIN R FH RS AT R IR B TRk ZBRIFVA[ 1], TFA 5 AT AN R R RS FREE
R, I HIREE 30 cm, AHATIE &N 400 kg/667 m* (C1). 800 kg/667 m” (C2). 1200 kg/667 m* (C3). 1600
kg/667 m” (C4), VAA it F RS AT A B AE X HR(CK), S HhRK 6 my %8 5.5 m, 3 IREE, BENLHESI. &%
NG, BCHE PR % 20 kg/667 m*. WEFE 4% 40 kg/667 m*. BRELHN 15 kg/667 m*, FELEA & EIG B,
FRREAED N K, @O % AP 958, 2017 4 9 UGG RERE(0~20 cm). TFJK)Z(20~40 cm)13E
WFJG, Bt KRIARBERE, TRy A ARME T, BREEDRR KDL&, H
T 5 3 T 5 A R FL A AR

2.3. MEFHZE

B U AR e 1 SR A 0 5 SR YD 4 v RIE () [12], BUHI 45 47 AR B FE 50 g, TN E i (B
i fL424 2 mm. 1 mm.0.25 mm F1 0.053 mm), /NOERFHZIET 15 min, £33]>2, 2~1, 1~0.25.0.25~0.053
mm T2 R A . 33K R SR AR A s SR FH 204300, 33K Rt [ SR Ak 1) 2 R FH 20431 (R ) [13]
[14], HUH]E& U R AT 28 50 g T 1000 mL KERH, ZZEMENERAK, Wi 150 13905 ik 211
M5, # ik 10 min 5221, 2805 BT HIRLHrAC(H A, DIK-2001) E3ATIRmALEE, $R%& % 15 t/min,
] 30 min, 755>2, 2~1, 1~0.25. 0.25~0.053 mm FL4LFI R . TIRAHIRABCR RS E . +
SR L BN T2 R F S50 A VA e [13]

2.4. TEARGFREMHTE
F AR S BT A N[12],

m,.=%‘x100% (M
K WS N PR RIRIAER(): W, NPBIRAR S E R ().
>0.25 mm R A] HSRIEAN BRI g A, HatE AKX N[12],

m =m + m2~1 mm + ml~0,25 mm (2)

>0.25 mm >2 mm

RUEN TP EEER RS HEI RS AT, PHEREBBRRE R LRARES S, HitH
ARA[12],
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MWD (mm) =3, 3)
Wb r N5 AT IR (mm);s m 2R | AT RIS 2(%): n AT F IR
SYFHERE D ST MRS M LOTAR, BORIARAN, WA RAERR R, BRSO 14],
T
['xmaXJ VVI (4)
Kt D A TRHERG x ARBIA R TR AR (mm): W, RN T x FEERIE I E B (g): W, AP

n+l

Eil:lé,TZ':‘l‘El‘Ei(g)’ Xmax ?'\j Eé’ﬁ: E"J%jﬁ*ﬁ?ﬁ(mm)o
2.5. BIBRALIB R 45 E
75 B E MR K H IBM SPSS Statistics 22 B3 AT vH o #r,  EIZREI/E R Excel 2003, AT A%k

PN 3 IR L4
3. ZBRE5 0

3.1. BRATEAENREARGRE AR

BT REAT 0 F S 3G ML Re 3 o R R 2 (R ARG 46 1 B sk s &, 3 s U SRR AR e k[ 15], £k
BREFTIE M 3 FE)m, SIEhURa e M A R BUR KR YA A BRI AL, (E8AShAR F R RS
BRWAE WL 1 ATUEH, CK G RZ LIg R UES e R A E R E>2 mm. 1~0.25 mm
Al 0.25~0.053 mm =AhifErf. FARBEFEHE, SAH>2 mm PO E R RAEELL CK 8
5.75%~49.14 %, {H5 CK ML ZEF AR . 0.25 mm~0.053 mm +IEHUME & P R AR B I CK B#K(p
<0.05), Hr, C2ABRLL CK FERERZ, N 58.74%. <0.053 mm B REEER C2 AFRAN &AL 5 E
CK FF¢, HZERARE , TEZFEFHEH & A F>2 mm BIRESES T CK A, 1] 2~1mm Ml 1~0.25
BRI EERR C1 B AME & T CK.

mm FifE

Table 1. The distribution characteristics of soil mechanical stable aggregates after the whole maize stalk returned

= 1. BT HEEDRNERE M HR R S HE

BB 1455 (%)
LIEER b OS] The amount of soil aggregates
Soil horizon Treatment
>2 mm 2~1 mm 1~0.25 mm 0.25~0.053 mm <0.053 mm

CK 3144+280a 10.45+0.09b 2471+2.78a 29.06+132a 437143 a

Cl1 46.89+2.11a 11.42+0.37 ab 1998+ 1.42a 17.95+294 ¢ 3.77+097 a

xZ C2 33.25+11.11a 23.37+1431a 25.63+842a 11.99+£095b 578+386a

C3 43.08+047a 16.75+0.61 ab 20.37+0.13a 16.09+0.38 b 371+038a

Cc4 46.34+7.56a 10.00+£1.22b 25.18+385a 15.32+3.35be 3.17+032a

CK 39.58+7.86a 10.24+£1.60 a 24.04+3.85ab 23.83+485a 3.05+042a

Cl1 53.46£10.76 a 8.83+1.59a 19.07+3.56b 1631+794a 2.33+0.20 ab

LR C2 50.74 £10.43 a 1029+ 1.12a 22.24+1.68 ab 14.57+8.80a 2.16+0.25 ab

C3 4997+9.77a 10.68+1.63a 21.88+2.21ab 1528+6.32a 2.21+0.65 ab

C4 41.81+826a 10.34+1.04a 25.77+2.04a 20.71+7.42a 1.36 £0.02b

T ANE AL )Y 22 53 85 2 0 B SR ) Duncan 22904, BN R #OR Ab B 2 H) 22 57 B (p < 0.05), AR,
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R I P R T ST LUR ), RIS RS, B RRE LIRS R TERE L%, TS
Bﬂ)ﬁ>0.25mmj< BRI 1), Hb C2 B CK ¥R %, RZEMIRE X5

AN 23.5%F0 24.2%, 17N B RAKR(<0.25 mm)FIEE B BEFEFIE 1 5 3BV U & Y SRR T 1 &
JERTS by N T b= {07 B2 (= @ O E] 2 il

s OxE QEXE S DRE RERE L. OxE BEEER
=~ 100 a g, g
n ~ a - ab o a
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Figure 1. Effects of whole maize stalk returned on the amount of >0.25 mm aggregates, mean weight diameter and fractal
dimension in mechanical stable aggregates

B 1. BEAFTHENIE>0.25 m MR EMEARE. FHEEEEMOHERNZMN

BIRIRAIHUAS E ME BRI R AL — € R AR IR RIS, By —E R Elk, HHE
Dy W BT« HERLPTTHL, ﬁmﬁ%ﬁl R AENS AR TIRPIR AR ETE[16]. RFFIEHE, H3KE

58 VE B AR S A S U AR € PE S AR KR A 22 K. AN 2 il DLE Y, KRR e SR 4 LA/ N A

RiEHEIEL, CK FIRAE T EEDLE 0.25~0.053 mm F1<0.053 mm FHASKIAZ, & I3 FEH 85%~87%.
FTKFEAICH)G, R)Z5>2 mm KARKER M FIRAEE G N, HRERBFRmERE KM R, Wk
FEEERE I ERE N ERE: 2~1 mm RiAE B RS B HO RN, (H3R 2 135 5 0] e e 2=
FARE.0.25~0.053 mm F < 0.053 mm 7K F 1 [ 54505 5 A0 R A0 SRAURR 1 P 3R R 500 A L 2 25 18
X BT U PR Ak - EERERG 45 BIRAE — e, RIS Sk 2R, a5 ) F %, MR 2 KA
TR AR BN SR AR, (ERSFRIE A0 FE S CK A LI B AR Ak

Table 2. The distribution characteristics of soil mechanical stability aggregates after whole maize stalk returned

% 2. BREAEHEE DR RAR KR BT

R A 5 (%)

S(j)‘;lligﬁ ikon Trtftfent The amount of soil aggregates
>2 mm 2~1 mm 1~0.25 mm 0.25~0.053 mm <0.053 mm
CK 2.58+0.88b 297+246a 721+129a 53.88+3.47a 3336+3.17a
Cl1 223+037b 436+0.56a 5.97+0.16 ab 54.73+6.50 a 32.71+728a
RZ Cc2 2.62+0.78 ab 3.64+0.40a 3.74+£1.78b 52.69+8.56a 33.69+559a
C3 3.19+1.51 ab 436+095a 720+2.82a 51.37+289a 33.88+6.24a
C4 511+2.18a 438+0.87a 836+1.03a 59.97+10.43 a 22.18+1236a
CK 344+1.16d 4.67+0.60b 6.72 +0.76 ab 58.03+0.48a 27.13+147a
Cl 4.07+0.81 cd 5.69+135b 8.09+1.26b 53.26+5.04a 28.89+729a
WK E C2 6.05+0.76 be 478+1.20b 7.71 £0.07 ab 53.41+18.02a 28.05+7.63 a
C3 8.13+£0.23 ab 7.87+0.05a 6.25+0.23b 5036 +5.64a 27.39+0.06a
C4 9.03+224a 834+092a 7.81+1.23 ab 53.69+555a 21.12+520a
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W] 2 BT LA Y, MRS P, - HErt>0.25 mm /KGR PR 5 A B0 A SR s 1734 S0 B 1
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Figure 2. Effects of whole corn stalk returned on the amount of >0.25 mm aggregates, mean weight diameter and fractal di-
mension in water stable aggregates

2. BEFRATE A E%>0.25 mm KR FARE . FHEEERMSHERNFIT

3.2. WREEEN HIRER &R E AR

M 3 HATLVEH, RARFFE AR 3 P>2 mm WA RS ER Em T RERE,
REFR BT RET L RS B T RS E, RS IR WRATICH ), RE L
R PERIIRIRAT 56%~67%HE T E>2 mm KR H R AH, Br C3 REFTEHALEEAh, HALH>2 mm kifz ]

FEHEYET CK A4, HLTERKZERARE . BASFIE M X V2% 2 4 358 ] AR 0 5 i 55 A i 2
FRBEE CK N2, N 26.32%; C3 FEFFiE M A-#

2, o €2 PR32 mm KA NI B
HAREL CK M LSRN, HERAREZE, TERE 2~1 mm. 1~0.25 mm fifd

EORNE S

RUEKE S0 IR LS &

Table 3. The distribution characteristics of soil mechanical stable aggregates after the crushing maize stalk returned

3. MRS HE E DR E M H R 5 R HE

R A 5 (%)

YN AbE The amount of soil aggregates
Soil horizon Treatment
>2 mm 2~1 mm 1~0.25 mm 0.25~0.053 mm <0.053 mm
CK 57.89+1.10a 959+1.63a 15.48+021a 1479 +3.09a 226+0.16a
Cl1 66.08+5.70 a 931+1.77a 1031 +2.19¢ 11.70£3.99 a 2.60+£1.09a
xZ C2 67.03+557a 9.46+2.16a 8.80+1.84c 12.34+2.82a 229+0.68a
C3 56.06 +5.54a 11.01 £2.26 a 14.04 +2.72 ab 1473 +2.05a 412+0.69a
C4 62.79+9.74 a 10.08 £2.59 a 10.65 + 1.88 be 14.15+5.04a 3.66+1.59a
CK 57.07+7.03b 11.74+243a 16.51 +1.91a 12.84+3.17a 1.84+0.47 a
Cl 70.01 +4.06 ab 10.35+2.89 ab 10.79 +2.61bc 7.01+427a 1.83+0.87 a
TEE Cc2 72.25+10.06 a 7.67+0.48b 7.59 +2.13¢ 10.54+5.17a 1.97+0.15a
C3 57.59+12.38b 9.55+0.28 ab 13.76 + 1.99ab 16.13+2.43a 296+1.68a
C4 7246 +2.74a 9.86 +0.42 ab 10.01 £0.27¢ 6.40+1.03a 1.29+037a
DOI: 10.12677/hjss.2019.71001 6 TRl
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I 3 TTLAE H, A R HE>0.25 mm B MUK M IR R IO MU B35 B T R 508, (BRI
WA HHEE R AR REAFERALEL, t C3 AbFEAh, AR EAETE>0.25 mm Bifd B AR S,
BLIT 2R, ERAEHE, LR TYERBANBERIER R, & E B b TRASFHE N
BYBOE BB A I 2 A B

O%F  DUXE L DR mmEE
N aa
2 O%Z BIXE 3 - a @ a & a
ot a a e a %) . a . T a
3 19 a al %a N = PR § T 5 0.6 a a a
+ 90 a \E/' a a E -
S a = =
i'% 80 s, | . 0.4 a
: " § 0.2
£ 60 &
[aN]
g 0 1 0
CK €1 €2 (€3 ¢4 CK €1 €2 €3 (4 cK €1 C2 €3 (4
bR AbE AbEE
Treatment Treatment Treatment

Figure 3. Effects of crushing maize stalk returned on the amount of >0.25 mm aggregates, mean weight diameter and fractal
dimension in water stable aggregates

3. FEREATIEEX E%>0.25 mm MR EMERE . FHEEEREMO HERHFE

HIEARIHE (L 4), KPBIRMAES BREAL, TR B R AR 3 B4 7E 0.25~0.053 mm Ridl, £
) 62%~72%, WRELIBRATEER S TRZ L8, WRTFCHAMEE, BRERZ 1% C4 hst,
0.25~0.053 mm Fi ¥ 5 CK ML BIRRAG, o 2 AbBR EL AR BRI 2 o >2 mm fi 2 3Kk Fa bk R
HECE Y BERN, C2 AbHRAE U R 3

Table 4. The distribution characteristics of soil water stable aggregates after the crushing maize stalk returned

T 4. EREFTEH R IR KFR M FI R KR 2 R HFHE

R A 5 (%)

TR b e The amount of soil aggregates
Soil horizon Treatment
>2 mm 2~1 mm 1~0.25 mm 0.25~0.053 mm <0.053 mm

CK 2.50+£040b 596+1.12b 6.38+£0.64b 70.23 £2.57 ab 1494+181a

Cl 4.93+0.00 a 8.01+0.01a 8.68+0.25a 66.95+0.15 be 1143+2.11b

RIZ Cc2 432+0.34 ab 8.09+0.08 a 7.64 +2.14 ab 63.32+£3.68 ¢ 16.62+1.29a
C3 490+0.87 a 6.85+0.15 ab 6.11+1.18b 69.65 +1.68 ab 12.49+2.13b

C4 4.11+293 ab 6.46 +2.50 ab 6.24+£0.24b 71.78 £4.28 a 11.42+091b

CK 3.63+£0.43b 7.41+0.40 a 7.42+0.34 ab 70.44+1.15a 12.10+0.61 b

C1 548+0.09 a 6.81+1.12a 6.57+025b 68.74+147a 12.39+0.02b

WRE Cc2 522+031a 6.97+0.37 a 7.32+0.79 ab 66.28 +2.27 ab 14.29+0.79b
C3 520+045a 6.86+0.07 a 796+1.01a 64.45+1.07 ab 15.52+0.09b

C4 539+053a 6.06+197a 7.30£0.61 ab 61.81+794b 19.44+459a

WREATIEH G, & AFEATE HARFE>0.25 mm B2 /KRS BISRAR BOR B d T X IR E (L 4), B
RIZ LA L Z LA UA TE 42— RIELIE C1 AR KB R AR A,

15 B SR AT

PNINE A K BE A R AT I FH B R 3 K R AR RO S . IR R L3 >0.25 mm /KA LRI R A5
B AL C3 AL, HFSATIE HE RSN, L3 R R AR EOR B, i T RS AT IE H 10 185 i i
R, w s R AR R R AR AR . AEATIE B G 3R 28 B B X A B g, (E RS RS
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Figure 4. Effects of crushing corn stalk returned on the amount of >0.25 mm aggregates, mean weight diameter and fractal
dimension in water stable aggregates

B 4. BEREATRERT 50,25 mm AKRAMEBR, F1E 8 EEM T4 SN
4. g

Toie o B 52 BRI, R 385025 mm M4 BRI E A TH E B EANE T RELE,
A RARIETRE LR, XFEELEN: 1) HTFERE LR ER B TRE LS, (55 Ik
g1 TR, DR 8 SR A R U RS e M B R AR I M K . 2) | TR bk 2R B A A
TR, FENREFTEOUERE 3 BAE 30 em A4, MR KT RR & BB T8 2 10, FohizE K
IR RAR AT A F SR T B3 . 15 PR AR A A1 7] O S A — 3. T I 5 5 ELAA LU T R
BESE R, RV A 5 B R S S R, IR R L, R TR B A
TR 2 A TE b ILSRAE 2 5 R I FR O o S BRIk, EBURERT RSB B8 T IR BE B, SR
ETREMUREIE, (H5%EEIRE BT FE 2 AR, E45 BRI, BR T
BRI, BAh, BERSFREH 3 4RJE, REFIRRSS AN, T ROZ Ak W MRS N (AR, b

BRI AL .

5. &hig

1) FEFFIRIE HXT L3 AR AR TR R — 8 IR A, RS FHAE RO R RS AT 34 FH (8 k4 b K
ARAAR0.25 mm) T, TIPS ERE BRI, Y4 R,

2) AEFT R R FEE S5 39 P SR AR (U T F A S o AR O S M R v TS AT |, 0 L3 A1 5%
PR TRI T F TR R B R

3) BFEHIEH 3 F)5, FBFEHERL, LREARAREERS . WRAEHE 3 F5, BfcHE
W, S IR AR R E M —E M, RSAT IR H & DL 400 kg/667 m*~1200 kg/667 m* N .

HEemE
AW E XK B RREIE ST H (41401323) R A EE 75 H (L2014257) 3L [F % B

SE

(11 ARKA, GRS, EFHR, 55 B ERFT IR0 RIRECE LA ILE (0], EYE RS IEEAR, 2018, 24(1):
1-21.

[2] Kaiwei, Z., Zhen, L., Xianchun, T., ef al. (2018) Study on the Ecological Potential of Chinese Straw Resources Avail-
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