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AT B35 I 15~35 em YEAHZ 1) AR T . A FEHHER R FOK = BRI e S = A 5o,  HAEANRI KR
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B e, BRI WL, e
VIR EIRR ZR et RAF I AE KRR, il H 3K ARSI
e S ARIHES), A A WU ELE I RE R
B EM A K FERE R OR, IR AEY
R 7 BYkE, —PRu s LIy R, B
JE-3g, REiere . BarERaEnem s R
EASERHIE LG TREEA . SRENRARIRIESE, dmHAL
VIR B EIRE AT R AL R RS FHRHEL
(MR 20~35 em LEHN) , REE TiZEERL
e B A T AN SR, R P AR R 13 R
FEAR R . BTN TC R IR BIAIE MU B E R H A4
HE BRI A K R AERHEE 10 B 20, iR R
I HIERR S, BeA R ECE M UIRIRIRIE H D UE SEAEYD
e 2 A T B G101 e s S ) Y5 o e 7]
HRGER, AL IR, MR, SREEYrEE.
{EFERE R X 2 B R RIUA R TR AR 2, i [ 135
FHRIRFS B DU K E s 3R B v . R IR -39, #2771
THEERE, WANERE . R RN LU AR AR A
01 7/pp Y & 5 N e 5/ TR (= V== 0 == 13 50 P
HE—ARACHERE W LA F e 7 THI RO 72 S 2D
Rk, BT B2 R B ISR
WX G, T AR E R AT HLA I I H )5 b
RIG, K CAE gAY p R A X E A R PN T
GERIEHLX, EEATARE, A EEEE ALY
W H 7 SN A R, BEAE. L. M
A& KE. HEFEKE. HE=ME. >0.25 mm KM

VR A AT (R0 o i, o) W R SO0 AN [ A 5 B 8 e g e
S SR B TSN, SRS AS [ BB A A AL IE B
AN B L B R R R, DO S iE A
2 B A IR R R IR B HORBEL, AR IR R
T XA B R SR BRI AR S %

1 #MR57F%E

1.1 R XER

RIS B T S VLA TR 22 X AR R Y5 [l (X P
(50°15'N, 127°27'E) , Kk 600 m, J&FERM KREEZE X
SE, FEARERARE, TREZX, BFEEMEW, KFE
WHEETIE, AZEMOE. BRI, AKER. RS,
EXRIE-1.3~04 °C, Z4PHBEKEHR 500~600 mm,
TR 110~120 d, AROEBIARIE 1950~2300 'C, H RS
N2 560~2 700 ho WM IR, BT REX 2019
FEA 2020 FERFKES BN 533 A 885 mm, 3B AFEIK IE
WAEREKE, LHERARE T EAREERIE, AR LA
FefRIX . 0~50 cm HITH FIEEEANE b LR 1, BT
JIEGE s R Oy, A IR HAE 28~
35 cm AEIEPAERINZIG, F£ENE IR IR
IKEFNEL, BARRLN, RZLT A ABJE, BEKER
B, PIREit, i ROGEE AR B E, fEEE
HILE B, SRR (S, HA b FE Ry
fE. B MUKt E, (FAEAMERE, A
B o R ) B DA — AR B R TN
TIERHE 2 R IERE, EVIRE 10~15 em.

F 1 AEMRERIEEARER

Table 1 Basic soil properties of Dark Brown soil in studied area

LJRREE A HLBK H el T 7R 260 X R gl A
Soil Organic Ilfl value Total nitrogen  Available nitrogen Total phosphorous Available phosphorous  Total potassium Available potassium
depth/em  carbon/(gkg!) P Ngke) /(mgkg'") Agke") /(mgkg) Ngke) /(mgkg'")
0~15 19.7+0.5a 5.4+0.06b  1.45+0.04a 129.1+5.90a 0.23+0.007b 5.2840.96b 22.4+1.1a 110.843.3a
>15~35 18.1+0.8b 5.4+0.08b  0.34+0.04c 125.3+5.37a 0.26+0.009a 5.78+0.56b 19.8+0.9b 57.442.1b
>35~50 14.0£0.3¢ 5.6+0.02a  1.11+0.03b 108.80+5.44b 0.19+0.01¢ 6.66+0.19a 16.420.6¢ 31.6%1.6¢

e BT ELRAER, AR TR E — S8R E AN F 12 [ 7E 0.05 KT 23 .
Note: Values represent average = SE. The different letters indicate significance among different soil layer at 0.05 level.
1.2 gt

KHIBENLIX BT, ¥ B 8 F AN R B2 2 4 xC
MIALER, ke 2 frose A6 th i 2k M FOKFEAT
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Table 2 Field treatments under different combinations of plowing
and organic amendments

R BT AN B2 BIA 14.5%F0 44.2%, AR B4 5 B [N
i&ﬁ\%uy‘j 0.3 8%$D 0.65%. j'\j{% UjE ﬁﬁ% ﬁfi%ﬁz)%%ﬁi H, Treatments Soil tillage amendments amendments
BREMEARRKFERE, G HEAHE A5+ Ez ?ﬁfm ﬁggﬁ £

IO AIVE AT A g V= AH 35 cm LA IE

i%ig//j‘/ﬁt//j o I /J\[‘Z: 6 m><4 m, %EIJ 6 _:I:’— 4 {}\Egt T15+S \BE%H 15 cm %ﬂ‘ﬁéiﬁ'ﬂ‘ﬂﬂ 10 OOOkghm’zq?}K%ﬂ
BENLHED], MEESREA 1 m BAEFIT, KEXE T35+ VB35 cm  RSFRMSEIER 10 000 kg-hm? FKAEFT
A 896 m*. 2019 4E 5 A 11 HAR/KFEFF, DUAHIE H NT+SM1 ?E ﬁé?ﬁ wm@mﬁﬁﬁ?
= P A& NT+SM2 i I 4 10000 kg-hm™ T KFEFT
2, 10 H 4 HYER; 2020 455 H 11 HARAKIEF, 10 TISOM R Sem  HHUBAIEN 30000 ke LS

A 15 FBR. TORMBREME 1 5, w7
Jitk/mm?®, T7EEA 65 cm, FREEA 20 cm. BEA/DNX REH
B & FEAINE N P,Os Al K,0 & 43 514 80, 70 Al 13 EEEE. TR R
60 kg/hm® fEAFHAL, $RATHIEM N & 65 kg/hm®s 1Y) | 31 14 =gm = gmn

A TR ARG/ N X B LR R

AHUEINFEFFAE 30 000 kg-hm™ Ji& #42b 3¢,
10 000 kg-hm? T K FEFF
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RS FEIUIRBEAAT B A FEOG AR A B B RN K R (R 101

)2 28, 810 FREKEHMTIE, WEKa)E, Prémk
ANWPE . ERAMRK/NXIE 10 FRFKREBR 3 PRk
TR, 7 [RS8 = e TR m MR A AE R . FORRR
IR EROEN e A T AT ATk
FRLTR B TR IRt ARG 2 R 4
NI FHEUREARIZEL 20 cm>20 cmx35 cm HHE LR
Bl ROTEERNEAR L+, 38 NSRS AR Al S0t =,
HT 0.25 mm i, (/KGR 1, A FRERISTE 85 C
TNHCFRR R, TR bR BRI AR A B

WOk IEEEE (D HER

HI=GY/BY (D

X HI AGRIESG GY AFFRIF &, kg/hm’; BY N4
Yire g (e EAEED |, keg/hm’,
1.3.2  HIEsfupk

2019 FEFFAERIGHUE FTHUREI E 0~50 cm T+
BERRFIEMERR, IR 1. 2019 FEREBEMINGREER
RI/NX LR 0~15. 15~35 cm 23200, A3 2 H 3¢
w1 kg, W, 10, . BCEFERIR FHER TR
EX T JEHIERE (Bulk Density, BD) S fLFRE (Total
Porosity, TP) . HIEFZKEMBAIEKE, BA/DMXME
3WES, FAMIEIL 9 NES . SEEHTENE RIEESK
. (Water Content, WC) o 2020 £EH T RIZK A, R
ToERAAIG TR, WUANE T FORAEI R AN = 5 15
TP. —AHELE ST

TP=(1-BD/2.65)x100% (2)
Xg Xy : Xg=(100%-TP) : (WC-BD) : [TP—(WC-BD)]
(3)

STPSD
(4)

=[(x, —50)" +(X, —50)(x, —25)+(x, ~25) 1"
0.4769
GSSI=[(X,-25)X,X, | (5)

AR Xg NEMAERE S (525%) , Xy NBHFHAR
e (500, Xg ASHERE S (500 STPSD (Soil
Three-phase Structure Distance) 1X3% 13 — A &5 1) BE 5,
b A S ML FEARIRES STPSD i##%3L 05 GSSI
(Generalized Soil Structure Index) U] X L HHR
M, IR EAIRAS, GSSIEEE 100147,

T KRR IR AR G, H T R RER T R AT
eAF>2 mm Fl 2~0.25 mm KEPE R FIR K, T H &R
A S AR B o 2
1.4 HuEAbE

S HE SR SPSS 15.0 F1 Origin 18.0 44347 %
AL BRANE B, AR DL R T AN 5] J2 TR 8 1) 22
S MR A Duncan v CHrEMRZE) BT HUER.

2 HBR5HH

2.1 HRRHEMEX TIEKS YRR
.11 EBEFFREIRE

TR E A R M R SR, RV R E R
BRI — o A RBHAA PLAIE HAEA FIREEE b
FEAR TG RAR A (£ 3) o 5REIE YR H X

M (T15) AHEL, NT+SMI 1 NT+SM2 4F 0~35 cm +
e R B AL (P>0.05), T15+S BF KT 0~15 cm
HE IR E, [RIK T 15.0% (P<0.05) . 351 E 35 cm
Bl & A D8 I B2 PR T 0~15 ecm HHE A 15~35 cm
WHE AR, 5 T15 A, T35+S. T35+0M Hl
T35+S+OM ALFELE 0~15 cm HFE L3R E 2 Bl T
10.0%- 8.7%H1 15.0%, 415 T15 kbHE 2 573 5 3% (P<0.05) ;
i E RN, 0~35 cm L EEEHAIANIE H B T
HTREZE, 5 T15 #M, T35+S. T35+OM Fl
T35+S+OM ALFRAE 15~35 em WHFZE 192 54 b
9.6%- 9.3%AM1 15.7%, HZEREZFH (P<0.05) .

x3 EHREHSHNENYTHEN TIESE. SILEE. (BNE
JKEFIE EFKERIFME
Table. 3 Effects of short-term plowing and organic amendments
on soil bulk density, total porosity, saturation water capacity and
water holding capacity

R [P N 7K = .
R hER g AR g
Soil ! Total aturation Water holding
layer/cm Treatments  density orosity/% water capacity/%
Y /(g-em™) P yize capacity/% pacity/7o

T15 1.27+0.03a  42.42+1.39c 41.33£2.24c 31.62+1.95b

T35 1.23+0.03a  44.24+1.39c 42.16+3.14bc 33.31+1.23b

T15+S  1.12+0.02bc 49.09+0.91ab 52.62+3.61ab 32.29+1.87b

T35+S 1.14+0.04b 48.18+1.72b 47.614+2.94bc 33.47+1.72b

NT+SM1  1.2240.02a 44.39+0.95¢ 43.24+3.07bc 32.80+1.82b
NT+SM2 1.23+0.03a 43.94+1.14c 44.29+3.19bc 33.04+1.91b

T35tOM  1.16£0.03b 47.42+1.2b 55.49+3.36a 42.51+2.04a
T35+S+OM 1.08+0.03c 51.06+1.14a 57.1543.49a 43.78+2.14a

T15 1.32+0.04a  40.15+1.6c 34.91+2.94c 25.94+1.92d

T35 1.27+0.03ab 42.42+1.46bc 35.24+2.67c 27.23+1.39cd

T15+S  1.27+0.03ab 42.424+1.39bc 39.46+2.81bc 26.99+1.51cd

1535 T35+S  1.19+0.07bc 45.9143.19ab 38.79+3.89bc 29.71+1.68bc
NT+SMI1  1.3+0.02a 40.91+0.69¢c 38.01+3.95bc 29.12+1.73cd

NT+SM2  1.3+0.0la 40.76+0.45¢c 39.15+3.27bc 29.99+1.97bc

T35+OM 1.19+0.04bc 45.76+1.64ab 44.74+2.28b 33.63+1.98ab
T35+S+OM 1.11£0.04c 49.55+1.64a 50.34+2.69a 35.09+2.06a

T AFAFERORE R E R — 2 AR 0.05 ZR 23 N

Note: Different letters indicate significant differences among treatments in the
same layer at 0.05 level; Same as below.

0~15

2.1.2 E3BEILRE

MR IR E I 7 LIRS, BIEAE YIS
X 3R LB EE M R 3. 5 R E AR b A
S BIHEAE LA AN FIFE SN 7 HIER AL . 5
T15 ZbFEAREL, T15+S BFERS T 0~15 cm #HZ H3Ea AL
BREE, #2857 20.3% (P<0.05) , {H NT+SM1 1 NT+SM2
AEFE 0~35 em TIEAREIAR D EW N (P>0.05) ;5 IR
B35 ecm FLAAVIAEH BESE S T 0~15 cm #ZERT 15~
35 cm WHHZLIEESFLBRE. 5 T15 AAEEMIEL, T154+S.
T35+S. T35+OM Al T35+S+OM AbFEAE 0~15 cm HHE ML
WEEE 3 BN T 15.7% 13.6%- 11.8%A11 20.4% (P<0.05) ;
EEIAE A EAE 15~35 cm AR ISR E
ahn, T35+S. T35+OM 1 T35+S+OM AbFf 358 L FR
SR 14.3%. 14.0%F1 23.4% (P<0.05) .
2.1.3 13 Feb KBS FE 0K T

FE AR A AL B 300 R0 5 7K B R )
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IKE R H AR AR AR AR — 5, B
A HLADIE B R 300 R0 7K A ) 35 K AN [ RE R
W (K 3) . 5 T15 KA, GFEFE G AT 0~
35 cm BEANHEZE B AR KB RN )RR 2K B PR S
ANEE (P>0.05) , EREFETIEH (T15+S) R EH R
T 0~15 cm #ZE HIEBAE/KE (P<0.05) . 5 TI15 4
AL, T35 Ab3 0~35 cm -3 A0S 7K B R1 H A]457K
EIIIALEE (P>0.05) o 7E 0~15 cm #fZ, T35+OM
1 T35+S+OM AbFE AN /K & 5 3 s T15 A T35 &b
E (P<0.05) , A2 T35+0M Hl T35+S+OM 14 i fE
B2 =T T35+S 4bFH; T35+0M Al T35+OM+S Ab3i {1 H
MK E R FE T T15 F1 T35 A3 (P<0.05) . 7£ 15~
35 cm WHZE, T35+0OM Al T35+S+OM Ab B A1 7K
BEREET T15 1 T35 4P (P<0.05) , T35+S, T35+OM
FI T35+S+OM AL H B /K BB & T T15 AbFE, 4%
Fl& T35+S+OM &3 =1 T35+S b (P<0.05) -
2.1.4 13 =4k

T HAR B AR AL I S IS A = AR L R e K,
KEGEARICFIF AL B 0~15 cm #2135
PR [T A P A B, VAR B, SO B A9 FE B Ak 3
Bhn, ERBHEHEIEK; /£ 15~35 cm WHHZE, BIHEA
B AL AT - 338 [ AF A0 AR L 7E BB BE R AG, f
HEACERBE I, SAH LLBIE BRI A BEIG I,  7E S bt b 3
ik GR4) . £ 0~15em #t/Z, 5 T15 ALFAHEL, T15+S.
T35+S. T35+OM Fl T35+S+OM ¥ [E AH L ) 5 35 PR A%
(P<0.05) , PL T35+S+OM AbFE [ FH Hb 451 B4R i 2 e K,
FEAK T 13.0%; VRAHELIZE T15+S. NT+SM1. NT+SM2.
T35+OM Al T35+S+OM ALFEE N % (P<0.05) , Efk
LINLE NT+HSM2. T35+0OM Hl T35+S+OM AbF i /57
FURCON T15+S T NT+SMI1 ALEE, A LB /M2 T1S.
T35 Fl T35+S 4b#E; SAHFR T35 £l T35+S+OM 4k, TI15
5 H Al 5 AN HUADE AL 2 7 B3 (P<0.05) , S
EC A9 B R AR 3y T15+S Al T35+S, HCN T35+S+OM.
T15 F1 T35, 7£ NT+SM1. NT+SM2 Fl T35+OM Ak
/N 5 T15 AFRAEL, T15+S. T35+S. T35+OM Al
T35+S+OM iX 4 A EL[¥) STPSD i #r & & [ (K
(P<0.05) , BARK/NIFF A T35+S+0OM. T15+S. T35+S.
T35+OM; GSSI FEFrIVAE T15+S Al T35+S+OM Ab3 o i
ZHAN (P<0.05) o T15+S 4b#E 0~15 cm #HZFEFFBR 1T
B H & H T35+S F1 T35+0M AL HE 0~ 15cm #FJZ 5108 H &
%, ME0~15m#E, T15+S M T35+S+OM &b F 1)+
= M4 M B BRARIRAS

fE 15~35 em THEWHZE, 5 T15 MHEL, T35+S.
T35+OM. T35+S+OM [E A LA 3 2 P& (P<0.05) 5 WK
AHELBILE NT+SM1 Al NT+SM2 2 #00, 78 T35+0M F1
T35+S+OM & 3 [£fik (P<0.05) ; SAHELHIZE T35+S.
T35+OM Al T35+S+OM & ZF i, 7& NT+SM1 Al
NT+SM2 {2 4% (P<0.05) ; STPSD RAR7E T35+OM
Al T35+S+OM & EHF#K, GSSI fEAr7RE T35+OM Fl
T35+S+OM AbHEE 18N (P<0.05) , ¥ T35+S+OM
A1 T35+OM AbHL T -3 8h i) i Bl BARIRES o

x4 EEBHAENIE R IR =E LRSI
Table 4 Effects of short-term plowing and organic amendments
on soil three phase ratio

o

2 IR bt
- FEAH Wi AU Soil S

Soil AL . L Generalized
Solid phase Liquid phase Gas phase Three-phase .
layer/ Treatments Soil

/% % 1% Structure
cm Distance Structure
(STPSD) Index (GSSI)

T15 56.06£0.95a 24.90+1.18c 19.04+0.95b 15.01£1.59a 94.13+0.73b

T35  54.55+091ab 25.73+048c 19.72+0.56b 12.46+1.55ab 95.03+0.52ab

TI5+S  51.2140.52b 28.15+0.79b 20.64+1.16a 4.53+1.38d 98.72+0.64a
T35+S  51.20+0.95b 26.78+091bc 22.02+145a 5.88+230c 96.37+0.55ab
NT+SM1  54.53+0.96ab 28.90+1.60ab 16.55+2.21cd 13.07+1.79ab 95.04+2.42ab
NT+SM2 5545+1.20ab 3040+0.72a 14.14+1.89d 14.98+2.11a 91.67+3.28b
T35tOM  51.82+095b 31.10£1.90a 17.08+2.34c 9.45+2.00bc 95.38+2.91ab
T35+S+OM 48.79+0.52¢ 30.64+0.75a 20.57+0.53ab 2.27+035d 98.04+141a
T15 58.79+0.69a 32.78+0.56b 8.43+0.82c 20.86+0.84bc 7821+1.41c

T35 57.12¢1.14a 32.53:0.83b 10.35+0.94c 18.34+1.58c 83.81+2.39b

TI5+S  57.58+1.39a 30.67+0.70b 11.75+1.84c 18.33+221c 86.97+4.04b

>15  T35+S  54.09£1.64b 3047+0.58bc 15.44+1.81b 12.82+2.76d 93.65+2.35a
T35 NTHSMI  59.094045a 36.65+1.56a 426+1.19d 23021372 59.36+6.79%
NT+SM2  59.24+0.69a 34.09+0.57a 6.67+1.26d 22.01+1.21ab 71.43+5.44d
T35tOM  51.84+045c 28.50+0.63c 19.66+0.77a 8.02+0.92¢ 98.18+0.54a
T35+S+OM 51.97+0.52¢ 27.52+1.42¢c 20.51+0.32a 7.95+1.0le 98.76+0.17a

0~15

2.1.5  23>0.25 mm KAEHEHRARAS

+389>0.25 mm KEMEFIRE (WSALs) & EH
WHNRVHN LI S R B e br e —, g Eils,
Vi IR AR, PUR TR AT K B R B AT
AHFFA, FEARHIAIANIEHE T 13 WSALgs B
WK 1.

Fi4% Particle size/mm

B >2mm [7)025~2mm

;730;15111111 >15~35 mm ——— >

W
=

b ab

&~
=

w
=

T
o

[3%3
=3

=3

>0.25 mm F F &
>0.25 mm aggregate/%

S RN
DRI (06&;:?2 X@:Xo S
R
S KL Ff Treatments
B 1 R8st M it @ 2d £35>0.25 mm AR B Rk S
R

Fig.1 Effects of short-term plowing and organic amendments on
content of >0.25 mm water-stable aggregate

A5, 72 0~15em #HZ, 5 T15 AEAM L,
>2 mm BIERARELFIZE NT+SM1. NT+SM2. T35+OM #
T+S+OM ACFER NG %, 2~0.25 mm FIRALLEIZE
T15+S. T35+S. NT+SM2. T35+OM I T35+S+OM 4L
R N 225 (P<0.05), 7R AR AL HEE AN 82385 15~35 cm
TEHEE H WSAL,s & BT HHE TP & &, 5 T1S
AHEG, BT AR FE>2 mm AR K B SRR TE B35 Ak, 2~
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0.25 mm A& R AE T35+S.T35+0M Al T35+S+OM
ALER AR RN (P<0.05) , Ui IAEREG I HEZ KRR
PR B R AR g2 mm B 3%
2.2 EHBHMENMITIAMERTERTESHHRE
A
2,1 E2AFE. MEKHEEATSSHREE

o BARIAE A AL A B K P AR FR B 5
M W 5. BRI S, 2019 4 FK= AR B B 3%
KT 2020 4, XUt BHEA R B B AE A S IR B A A AL
YIIE BT SE L EoK T B R E R, E PR K IEH F 0
(2019 4F) , 5 T15 Lk, 7REH 35 cm FEFFEA HUIEIE H
HWHN R REZREE (P>0.05) ; HBHEG G

NT+SM2 BEEK 7 F K=& (P<0.05) ; T35+OM F
T35+S+OM AbEE ) FoK /=8 82 5 T it NT+SM1
NT+SM2 4bHE (P<0.05) , FIREVLPAAEZHLIX, S#kfs
FF78 se A N R RES i Tk . 55 T15 AFRAHEL,
LE &K IEH4E (2019 4F), T35+S. T35+0M 5 T35+S+OM
MH K EZERARE (P>0.05) 5 EFEKE (2020
£) , TI5+S Fl T35+S+OM AbHE T K= & AR 5 Hi
T2, 4 BN T 27.6%~37.0%F1 22.75%~28.57%
(P<0.05) . A H AL B WOGRIEEE 2019 4EF1 2020
P HIFE 0.47~0.54 A1 0.35~0.45 2 [A), 2020 FHTFE
K 22 T BOBCHE TR B B K IE H A R (P<0.05), 2019
AR (B 2 R AR (P>0.05) .

RS EHRBHANENYERN EREEMM. FEFRERIEREIZIT

Table 5 Effects of short-term plowing and organic addition on maize yield components, maize yield and harvest index

e . " ] EMK AT s FORIUE  FPRR WORIRN
Year Treatments FEar length/cm Ear diameter Bare top Kernel-row Number of 100-kernel Seed qulzd Harvest

/em length/cm number per ear  kernels per row mass/g /(kg-hm™) index

T15 14.6+0.8bc 13.2+1.0a 0.9+0.2b 17+3a 25+4b 24.1£0.7b 7 559.2+351.1ab 0.51+0.06a

T35 15.4+1.0bc 13.440.9a 1.0£0.3ab 17+3a 28+5b 24.9+0.7ab 7 747.6£587.8ab 0.54+0.06a

T15+S 15.0+0.9bc 13.5+0.8a 0.5+0.2¢ 16+4a 26+4b 25.6+0.7ab 7 785.5+258.1ab 0.52+0.06a

T35+S 16.5+0.9b 13.440.7a 0.9+0.2b 16+3a 30+5b 25.1+0.9ab 8 198.8+652.0ab 0.52+0.04a

2019 NT+SM1 14.2+0.8¢ 13.0+1.0a 1.6+0.3a 15+4a 23+4b 24.2+0.7b 6 629.7+1170.7bc  0.47+0.05a

NT+SM2 15.0+1.1bc 13.3+0.9a 1.5+0.3a 15+4a 25+4b 24.5+0.8ab 6 628.8+427.8¢ 0.48+0.05a

T35+OM 20.1+0.6a 13.1+0.92a 0.4+0.1¢ 17+2a 41+5a 26.0+0.8a 8 950.6+930.0a 0.53+0.06a

T35+S+OM 19.7+1.0a 13.540.7a 0.6+0.2¢ 18+3a 43+5a 25.5+1.0ab 8 646.0+525.3a 0.52+0.05a

T15 11.1+1.9ab 12.841.2a 0.8+0.2¢ 16+3a 17+5ab 20.0+0.9ab 3846.9+277.6cd  0.35+0.03b

T35 11.2+1.8ab 12.5¢1.2a 0.9+0.1¢c 16+3a 19+5ab 20.9+0.7ab 3280.6+179.9¢ 0.37+0.05ab

T15+S 8.8+1.2b 12.0+0.9a 0.8+0.2¢ 15+3a 13+4b 19.6+0.6b 5270.0+203.2a 0.45+0.04a

T35+S 10.8+1.8ab 12.441.0a 0.8+0.4c 16+3a 18+4ab 18.0+1.0b 4224.4£100.4c 0.38+0.03ab

2020 NT+SM1 11.5+1.5ab 12.4+1.0a 1.5+0.2b 16+3a 19+5ab 20.3+0.7ab 3290.7+134.0e 0.37+0.04ab

NT+SM2 11.5+1.7ab 12.14+0.82a 1.3+0.3b 15+3a 18+5ab 20.3+0.8ab 3733.7£169.9d  0.36+0.04ab

T35+OM 12.8+1.6a 12.9+0.7a 1.5+0.3b 18+1a 22+4a 19.7+0.6ab 4760.7+£216.0b 0.38+0.05ab

T35+S+OM 12.0+1.7a 13.0+0.9a 2.0+0.2a 17+3a 20+4ab 21.3+0.9a 4909.0+275.0ab 0.43+0.04a

P {H P-Value

Qb3 Treatments (T) <0.001 0.878 0.031 0.468 <0.001 0.141 <0.001 0.042
Fn Year (Y) <0.001 0.085 0.004 0.650 <0.001 0.022 <0.001 0.037
ALFRXEEfy (TXY) <0.001 0.929 0.018 0.689 0.031 0.069 <0.001 0.039

TR = B R R AEAS [RIEIAEAA ALAE H Ak 2R R
fEEER (K5, Hh, Pra FEAE 2019 1EF4F1 2020
FARFEEAKRPHEM., BTN REZEZRARE
(P>0.05) , FEK. UK. 7R BORFFRL & 7E H ] Ab
HRAEY AR B E Z R (P<0.05) » Bk, 5
T15 ZbFAILL, R T35+OM Fl T35+S+OM AL F ) 2K
T B 2 180 (P<0.05) 5 2020 4F T15+S 4B 5 T35+0M
A T35+S+OM AbH FOKFEK Z F B3 (P<0.05) , H
fAb 3 (A 2 A B2 . FORFBIMK MR E SHEKH
FiARRE. 5 T15 AFEAHLL, 2019 EH4E, 2 Modibr
TR B EWIN (P<0.05) , 1 TI15+S. T35+OM Al
T35+S+OM AEFETIK R E > (P<0.05) 5 1E 2020 F
IKAE, BMEFE KT THKAE T35+S+OM AbFE i K, ik
5 T35+OM, NT+SM1 I NT+SM2, ¥4 T15 4bHi % 7 55
# (P<0.05) o FARATREN A SR AR K E AL
IRER R, BB, RO, TREUREZ . TR
EPREIEEZE R (P<0.05) , £ 2019 4, T35+OM Al

T35+S+OM ALFR AT R B0 3 i T HAhAR . (P<0.05) 5
76 2020 4F, T35+OM AbFEAT K%t &35 & T T15+S
(P<0.05) , HAthabHi|a 2z R AEE . MR,
T K AT KRB R K B AR 3 MO8 (=0.892"F11
0.814™) , HRWKEZEZETNHKT (=—0.722) . XL,
BIFEAE MLIE R M AR oK &, FEP= B R 3=
D5 TH FERARKI N T PR TR 3 0
2.2.2 ERMEWMRTAYZTHER

HE— 2B 0 7 TR WK I A R AR R R A
FEIE (GR 6) , ROV HIBIHEAIA HLAIIE H S0 T oK H
AR AR E S ECRR, A [k EAEY) TR
FES, BHPGYIE B B T R R R AR
AR RE 35 cm A NS R T EKER R
IR, BEHEH TR R AN, Hd T15+S
T35+S ACFEAR RGN E =T T1S & (P<0.05) , H
KA E B IAFRL B TIREY 35 em A ML B $2
THFRIAEY)E, DL T35+OM HE N i (P<0.05) . X
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VLR, AHLEREAT, 3 2 A4 200 P AR 0 A 7T B R S vy
TEpr= 6, JetRIESETE 3™ e R 2 )it .
*o EHBHAMEVMTENEREYENEHTM

Table 6 Effects of short-term plowing and organic addition on
biomass allocation

A& Biomass/(g ¥k

KbFE Treatments

FFRL Maize seed FEFF Maize straw R Root

T15 148.09+40.87ab 86.78+12.6a 10.9+2.6b
T35 158.36+42.62ab 78.47+11.56a 14.234+4.12ab
T15+S 151.86+42.1ab 77.76+16.77a 19.44+5.69a
T35+S 160.96+24.69ab 82.2+16.23a 17.75+6.68a
NT+SM1 112.85+40.05b 78.63+22.17a 14.06+3.84ab
NT+SM2 154.94+10.4ab 83.96+3.22a 16.53+5.43ab
T35+OM 192.04+40.5a 100.56+16.48a 16.78+3.3ab
T35+S+OM 165.37+31.84ab 90.43+20.39a 16.11+5.38ab

3 W o’

3.1 EFHHBE AT E TR RS

THEIR> T NGB0 L, 3Rk
K, J2& Bl A A BT R IR R Z 5. Gt
Ab B EH T - IEEURL I B AR UTRE N B AR SRR LR
RS, BRI E R m TR, SRR
TR E, ARG R RING T1S W MHHE L HA
b, G#k1 a5 IR E. FLEBREE. WA1S /K 2 A0 H (A
FKERIBUARE, XA ARGREAS—2, "R
58 R P i T w9 S P 2 i 7 S 9% 07 N3 2 R A i
7 o MR ATt 2 R A N 35, HRYH 3RO s S
X IR E AL IR (R 3) o bR AT 7 o
55 A 3 I s e AT T A B (8] A AR B AT AR
B30

BHAHAE WL H o] 5 5o 3R B g i, 4
Xt PR ENEL, MREHE, 515 cm HHM
ML FIARLL, REH 35 cm ATERETHAVRE, K4t
SRS, RE R AR E i NE R U
HUAE, X B AEAT ol A HUIELE 138 by i < B 1 i A (),
SRERKTHEMIME LA E, WintE 15~
35 em S ALBRE (£ 3) o XEANEEIWIHR — B EHE
R gER AT R R S8, HERKY, AHHE
H5TRARA UK TS E, FR, FAFEcAyLE
B GE R S8 0 L iE M, I B BRI KR,
sy IR SKEE B KRE )T (R 3D, BEMGE
TIERFER S =M (R 4) , REGER R IR PR g
P BA R AR B 2 o BBE A MLAAE H AR B R 2
T3P A P AR TR T B B AL A S AR R, IX
158 B R [ e e s A B A ATLAE 2 DU S SCE R 2
TR AR . e S5O Py 52 A v iR
I AR AR, RIS IMA T B> LIRA E, Y
IEFLBREE . H K S AR K, BOARHEE %,
e g VORI R, SRR A AR B R R B A i
KK GSSI {E A% /M) STPSD 18, #2138 45 Ky 5 4%
ITFRARCIRZS, WA Rt s IR B AE R, R 2 20~
40 cm + /21 GSSI F1 STPSD ¥ E L T- 0 AL B, (A ih

G UPE ST PG 48 + (X th Kk B R S 17 & e EE M3 R
20~30 cm ¥R)Z L —AH LA T R R SRR R Al
FHEMEA . R, 5 T15 AEMLL, g
HLAIE HE X 33 = A sz mn 5 2% (P<0.05) , 0~15 cm
HEE 3R =MLl T35+4S+OM Al T15+S N, 15~
35cm HIER=AHELLL T35+S. T35+OM Al T35+S+OM
T I A AL HE .

3% WSA. o B Bt A] S 3 PR 45 Ry FEFF
FA HLARIE H a3 R I AMIE A VLN B, 32
7 IR E IS, R A3 W I 2 R S R S5 R
A FT KRR, £330 WSA-,s & =300,
TR E Y (1) o EAMRYH, 5 TI5
REFRAALL, NT+SMI F1 NT+SM1 4B 0~15 cm #HE
WSA-os S EIGHN, T 15~35 cm WHIZM WSA-os &
EIEE (B 1D, B PHRS A 55 PR T 0 I i s,
RERE IR ZE WSA>0.25[4’22]0 {H 15 cm ¥R EHEL %
O REXS B2 1338 FUER MAOK A M 3R TH RO e, BT
KITHAIRZ, R R W AR WU AR MEHE FI
FHZ R Z 13, TR SR E L3 WSA. s
RN . TRF0 35 cm B HLAANE HACER {3 7R 2 45 M5
EZRLE LY, RELGHRIENTETE, SEGHE
WSA.q2s A%, THEZE WSA-gos FE. BR PRI T
RIRZE, R TEPIRRAK, IR KPR IE3
THETSE PR EE, RAFRR NIy aeas et
WSA-5 BRI B2 fE ARG b, TR B[R]
RAFEAFERE 42818 7 LI AR S &, sEIRg:
T3t KB BAAME R, 0~35 cm BAHHER K+ 1%
WSA.as PIVEFIAAS 2 T 3271, [FIBS S HE 148 FLRR Y
K, =M (STPSD Al GSSD) #FHohsk, 1%
WSA. s STEMEZERN (K4, B 1D . HHWE 0~
35 cm L ERIBS TR EZ A NN LI, 2T
MAMER, KR EEYURERE LR R e,
T35+0OM AbBH i 24 2R TR IE FH AL FL EE T35+S AbBE A RS AT
PRI AL BB Z AR Z 138 WSAL s HEhniiE fE o
R, R B RN RS FT I H 24 AN B 4 0 16 2k N L3,
T JE3 3 B 2 35 v 2 23 i B850 Al J mT R M R 97 43 B
e EARPUEW AR A 2 5 LR BT BRI 57
BRI, e T PN e SRR B A R ) ROR A T RS AT
B,

3.2 ERHANE L B AHEY T E RS20

AR, RTHEWREED R, EYWRERTE
D5 A SO 2R E T 2 o HHE B, R E TR
o 5 X JE A [ 2 A 2 O e AR 4 7= s R R el
ek R 2 U012 AR 6 7 R A e b P A ) A AR
B2, EEES: 2 a MSTEdE, KIEHBHIATE LA
W 7 O R OK P K R R R R R 3
(P<0.05) , 2020 E7R%H 35 cm fo & A5 FFalA MRS H &
S AN RV FE B 1 oK s B A EIRGR RS, [F, Bk
P75 AT R ORI AR K 2 3 IE A O% (=0.8927 Al
0.814") , HRWKEEZEMMAK (—=0.722") . Mk
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KU, BPAIENE A FEREER S T AR, fF
A VREN 35 om 2R 358 H AR 35 om 2R 35 A FE AT R IR
FH A B FOR = 3 N3, 76 7= S IR 2K 9 T R
FEEKIE I, RITKBEICRATREUR ER S (K5 . Aff
SR ST P 2 T R X A 2 B [ 2 h i 5 SRl
RIVELHAEBE CRBIFSFHEH) TREMMEKE
e, b RS HE GRBIRAF R ) Py sE =
16.4%, FHHEBGRIEEG BAEGEPRT AR, Bt
ERHZ RE Ve RO, BRI, TR RS
IR R 2, HETTR kR s e R S R R
FRARFER O TR &, AR TEWE ™ . A I#HE
Ji A E T IR R LR A KR E, Y
M {7 22027 AR T, AR R IR G B A AT 7 5 b FE
TS E N BRI RRIEN TR (RS .
IR SR R IR ] s A AT A/ sl HUAEIE Ay B 2 B
Bz LIRALBRE, SGE e E IR B At T, 3%
JER R — & AN ML 8 0 7 A8 AR A HL &
&, HEHEVR RWCR R FR RN R AEY)
RAME TS T AR RIS RS, R EUR
RINEK, Mg mIEwr &, ABESEPI R,
TN 5 GUR e AR L= B3 i 10.5%; XRS5 IR 7T
W, AT AIRRS 53990 e B AT 42 7 7 IR FASE 7= 20.1%F0
4.1%.

AN FE A 3 7 306 AR X KRR = & IR R
YEYD A= B B R W I B 5 o A B R AH DG, TERE KA R
FERERBAFR, BT 2020 K E T 58 FBFKE
51, 2020 SEAEY) R R ECT 2019 45, AHELIEEN 15 cm
FEFFIC AL, JREH 35 cm ALBRURFE, RENESIN T L HE
BB, (EVIRRARRIL ALK, PRI T EREE
AL = R S Rt 5 A SRR G S AR
TEFIKAE Bk (45 A — 2, H5 IE % ARy 36 74
IR RA -3, KRB E = EHIRRRZ,
XSRS A B SRR AR T BE 3 E0E B R
Rl E/KEA R BFE AT AR B & 4 38 e $2
1EIr= .

4 % it

1) AHELIREN 15 cm A2, PREH 35 em A AT A AL
JEZ, [R5 CA A BEE i NAE RS AT sa HLAE, AT &
ERREHE TR R, Wi tEaslpeE, ikt
SR, R IE>0.25 mm KRB RIA S &, 7
0~15cm #FZ, LL T35+S+OM Fl T15+S AbFE &R fe e,
1£>15~35 cm WHELL T35+S. T35+0OM Fl T35+S+OM
b PR AR T HAth AL 2

2) 1EYr B2 NI A M LYE | e, HLAERE
KIEFAAEMFRKEMAEZER . 5 T15 AFMEL, 7EREK
IEHAE, AN PR LY I8 AR = B 5 e A 2
%, {HEEFE/KAE, T15+S Al T35+S+OM AbFH A] &2 38 b
TR R AEDIGRIEEL

3) 5 T15 EEARLE, ATt IR E L FLIRE .
PR 7K SR HE AR K s AN 25, (R BRI T

SBEE RIER ORGSR BB, SRR L
KRS E BRI S BIFG, T 3 BRI

4) FeF 2 a B9 HANS A BLARIIC & F5AT B8R 268
HT B 302 A IR R M, DAL R =, s
FORBIBERANTRIEL, Bl D TR T A 27K A K = A
FSCRIGH, AT T o 2R AR R AR A e DB iR b2
F R AR R VAR
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Effects of short-term plowing and organic amendments on soil physical
properties and maize yield in dark brown soil in Northeast China

Li Na"**, Long Jinghong'?, Han Xiaozeng', Zhang Fenggin®, Lei Wanying'?, Sheng Ming', Han Zhiyong*
(1. Key Laboratory of Mollisols Agroecology, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Harbin
150081, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Heihe Aihui Agricultural Technology Extension
Center, Heihe 164300, China; 4. State Environmental Protection Key Laboratory of Synergetic Control and Joint Remediation for Soil &

Water Pollution, College of Ecological Environment, Chengdu University of Technology, Chengdu 610059, China)

Abstract: Constructing a suitable plough layer is one of the important technical methods to solve the problem of “shallowing,
thinning and hardening” of the plough layer in dry farmland, especially for soils with high soil clay content. In this study, a
field experiment including different tillage layer construction models was set up in Aihui experiment garden, Heihe. Effects of
different soil tillage depth (15 cm and 35 cm) and organic matter (maize straw and cattle manure) amendments on soil physical
properties, maize yield and its yield components were investigated. Eight field treatments were established with four replicates
and random block design, including shallow tillage (0-15 cm) without or with maize straw return (T15 and T15+S), deep
plowing (0-35 cm) without or with straw return (T35 and T35+S), deep plowing (0-35 cm) with cattle manure (T35+OM) and
cattle manure plus maize straw (T35+S+OM), no tillage with maize straw mulching (NT+SM1) or ridged-mulching (NT+SM2)
on the surface. The returning rate of maize straw and cattle manure were 10 000 kg/hm? and 30 000 kg/hm? respectively.
Results obtained from 2019 and 2020 showed that soil physical properties were largely influenced after one-year different soil
plowing and organic amendments practices. Compared with T15, T35+S, T35+OM and T35+S+OM significantly decreased soil
bulk density, increased total porosity, saturated water capacity, water holding capacity, content of >0.25 mm water-stable
aggregates, as well as optimized the soil three phase ratio (P<0.05). T15+S obviously improved soil physical properties in 0~
15 cm soil layer, while T35+S, T35+OM and T35+S+OM significantly improved soil physical properties in 15-35 cm sublayer.
The maize yield, harvest index and yield components were also influenced by soil plowing and organic amendments practices,
and seemed to differed with annual precipitation. Compared with T15, in the year of normal precipitation (2019), the maize
yield in T35+S, T35+OM and T35+S+OM treatments was not significantly different (P>0.05). While in 2020 with surplus
precipitation, the maize yield in T15+S and T35+S+OM and significantly increased by 27.6%-37.0%, harvest index increased by
22.75%-28.57% (P<0.05). Averaged crop yield in no-tilled soils decreased (P<0.05). Soil tillage and organic amendments
significantly increased ear length and number of kernels per row, decreased bare top length, consequently caused increases in
maize yield. In conclusion, deep plowing plus organic amendment into soil is a feasible agricultural management for
improving soil physical properties, optimizing soil three phase ratio, and increasing maize yield. This technique is applicable in
the construction of reasonable plough layer of dryland in dark brown soil in northern China.

Keywords: tillage; soils; organic amendments; physical properties; three phase ratio; maize yield; dark brown soil
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