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Abstract; Proper tillage mode is a necessary measure to maintain the sustainable development of agriculture.In
order to reveal the effects of different tillage methods on the main fertility characteristics of Chernozem soil and
maize yield, five tillage methods were set up in this study including rotary tillage (RT), subsoiling tillage (ST),
no-tillage (NT), deep ploughing (DP), and deep ploughing straw returning ( DPS).Physical properties such as
soil bulk density, water content, water-stable aggregates, and chemical properties such as nitrogen, potassium, and
organic matter in 0~60 cm soil layer at different growth stages of maize and maize yield were analyzed.The results
showed that soil bulk density increased by 4.7% and 3.8% for NT and ST treatments, and decreased by 3.4% and
2.6% for DP and DPS treatments, respectively, compared with RT treatments.The field water holding capacity of
NT treatment was 2.7% lower than that of RT while ST and RT were similar, while DP and DPS treatments were
8.6% and 7.0% higher than RT, respectively (P<0.05). The content of soil aggregate structure (>0.25 mm) was
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the highest for the DP treatment at the seedling stage, followed by DPS and DP at the tassel stage. The content of

soil aggregate for the DPS treatment was the highest.In addition to the higher NT content in the tasseling stage, DPS

and DP were still the treatment with higher organic matter content as a whole, indicating that the process of ploug-

hing was conducive to the improvement of soil organic matter content. According to the comparison of soil total nitro-

gen, there is little difference under different treatments, but the content of alkali-hydrolyzed nitrogen was the high-

est in RT, and decreased by 6.8% ~12.9% for other treatments. Compared with RT treatment, ST and DPS yields
decreased by 7.4% and 3.3%, NT and DP increased by 2.3% and 7.8%, respectively.In conclusion, although NT

had the potential to improve soil structure and organic matter, the effect of NT was not significant. DP and DPS had

good fertility characteristics under the experimental conditions, and DP is a farming method with both soil fertility

and yield increasing effect.
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Table 1 Changes of soil bulk density, field water holding capacity under different tillage patterns
; ERH/ (g em™ HH Bl $FK 5/ %
) . M i%ﬂﬁillﬁ iensity ) Field wa!gj}ioﬁfg capacity
Growth period  Treatment
0~20 cm 20~40 cm  40~60 cm  F-F{H Mean 0~20 cm 20~40 cm  40~60 cm  FYJH Mean
RT 1.56bB 1.71aA 1.67aA 1.65a 22.34aA 20.00aB 17.05bC 19.80ab
iy ST 1.66aB 1.46¢C 1.79aA 1.64ab 18.69¢B 19.76aA 17.66bC 18.70b
Seedlin/g stage NT 1.71aA 1.73aA 1.71aA 1.72a 16.19dB 17.77bA 17.73bA 17.23¢
Dp 1.54bB 1.68aA 1.62bA 1.61b 20.42bA 20.13aA 20.72aA 20.42a
DPS 1.54bB 1.58bB 1.68aA 1.60b 20.06bA 17.00bB 20.58aA 19.21b
RT 1.55¢B 1.78aA 1.66abA 1.66a 26.33bA 16.00eB 15.09¢C 19.14¢
n ST 1.72bA 1.76aA 1.75aA 1.74a 20.34dB 26.50aA 16.65dC 21.16b
Taftﬁﬁzige NT 1.73aA 1.73aA 1.68aA 1.71a 19.79eA 17.38dB 17.99¢B 18.39¢
Dp 1.36dC 1.60bA 1.47cB 1.48b 27.40aA 19.23¢C 21.74aB 22.79a
DPS 1.43dB 1.48¢B 1.64bA 1.52b 23.66cA 23.48bA 20.62bB 22.59a
RT 1.56bB 1.69aA 1.68aA 1.64b 19.92cA 19.02bA 19.47bA 19.47b
R ST 1.77aA 1.72aA 1.73aA 1.74a 17.45dB 19.03bA 18.97bA 18.48b
Maturation stage NT 1.68aAB 1.64bB 1.74aA 1.69a 23.15aA 19.62aB 20.01aB 20.93a
DP 1.63abA 1.68abA 1.67aA 1.66ab 19.51cA 20.25aA 19.75aA 19.84b
DPS 1.56bB 1.74aA 1.73aA 1.68a 21.22bA 19.67aB 20.09aB 20.33ab

TE AN A)/ING PR FORTE ] — LRGBS [R) 2 B 9] 22 5 35, AR K 'S PR 3R ] — AR PR [] b JR IR BE 28 57 835 (P<0.05) , T I+l

Note ; Different lowercase letters indicated that there was significant difference ( P<0.05) between different treatments of the same soil layer depth,

and different capital letters indicated that there was significant difference ( P<0.05) between different soil layers depth of the same treatment. The follow-

ing is the same.
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Table 2 Percentage of water-stable aggregates with different grain sizes under different tillage in chernozem

YR/ em b3 T Seedling stage
%/ c

HHHER] Tassel stage

Depth  Treatment ) o2 (Efssfn:n gﬁ; >2 mm Roas 0 05; mm (gé()San;n 02211511; >2 mm Roas

RT 2.56bD 5.46¢C 25.10cB 59.06bA 84.16a 3.74aD 16.32aC 41.26bA 31.08dB 72.34d

ST 3.02bD 14.72aC 30.68hbB 46.52dA 77.20¢ 1.00dD 4.04dC 44.82aA 41.74¢B 86.56a

0~20 NT 2.96bD 8.20bC 19.32dB 62.46aA 81.71b 3.84aD 12.64bC 38.22¢B 41.60cA 79.82¢

DP 4.14aD 14.78aC 32.08aB 42.12eA 74.20d 2.94hD 9.94cC 36.14cB 47.36bA 83.50b

DPS 3.92aC 4.45dC 25.33¢B 53.29cA 78.62c¢ 2.12¢D 9.78cC 27.80dB 55.24aA 83.04b

RT 1.26¢D 14.72¢C 55.82aA 22.48aB 78.30a 3.48bD 10.56bC 61.46bA 18.74cB 80.20b

ST 5.08aD 25.26aB 44.04bA 18.04bC 62.08¢ 2.34¢D 13.38aC 51.06cA 22.88bB 73.94c

20~40 NT 4.14bD 21.42bB 57.74aA 10.42¢C 68.16b 8.80aD 10.72bC 61.00bA 14.84dB 75.84¢

Dp 5.04aD 23.66aB 56.50aA 6.38dC 62.88¢ 2.54cD 10.54bC 66.48aA 14.12dB 80.60b

DPS 4.87aD 25.48aB 45.93bA 17.32bC 63.25¢ 0.92dD 12.62aC 50.10cA 32.18aB 82.28a

RT 1.82¢D 12.72bB 70.28cA 8.84bC 79.12b 2.12bC 8.20cB 75.04aA 9.02dB 84.06a

ST 2.68bD 15.68aC 59.68dA 17.56aB 77.24¢ 2.72aD 12.04bC 60.32dA 16.66¢B 76.98b

40~60 NT 6.72aD 11.48cB 70.92cA 7.48bC 78.40bc 1.92bD 14.76aB 66.52bA 11.04dC 77.56b

DP 1.78cD 9.30dB 75.88aA 5.10cC 80.98a 2.70aD 8.56¢C 58.40dA 25.42aB 83.82a

DPS 2.47bD 12.37bB 71.86bA 8.31bC 80.17ab 1.98bD 8.16¢C 62.42cA 21.22bB 83.64a
22 HEARXTEBELTENR.REFMEIFH +JZ AT Y] NT 48 0~20 em +)2
20 Btk [F I DPS 4R FE 20 ~ 40 em 1 JZ2H1 DP At
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Table 3 Change of soil organic matter content under different tillage patterns in chernozem

ﬁﬂLﬁ/(g . kg’] )

Soil organic matter

gt b ER

AN/ (g - kg™)

Soil active organic matter

Growth period Treatment

0~20 cm 20~40 cm 40~60 cm  FHJ{EH Mean 0~20 cm 20~40 cm 40~60 cm P Mean
RT 23.25bA 21.94aA 12.11aB 19.10a 10.14bA 7.99abB 4.90aC 7.68a
- ST 21.19¢cA 17.22bB 12.98aC 17.13b 9.25bcA 8.52aB 5.37aC 7.71a
Seedlin;; stage NT 19.85dA 16.03bB 10.47hC 15.45d 8.67cA 8.35aB 5.45aC 7.49a
DP 25.85aA 13.75¢B 9.03bC 16.21c 13.70aA 6.48bB 3.02bC 7.73a
DPS 26.33aA 13.69¢B 10.21bC 16.74c¢ 14.06aA 6.72bB 3.48bC 8.09a
RT 25.39abA 22.59aB 13.68hC 20.55b 12.85bA 10.37aB 9.97aC 11.06a
N ST 24.94bA 23.26aB 13.76bC 20.65b 11.88cA 7.10bC 7.60bB 8.86¢
Taﬁtﬁﬁige NT 26.68aA 20.51bB 14.59¢C 20.60b 11.20cA 10.64aB 7.66bC 9.83b
DP 26.41aA 18.24¢B 15.26aC 19.97¢ 14.63aA 10.28aB 10.07aB 11.64a
DPS 28.47aA 23.56aB 14.66aC 22.23a 15.03aA 11.20aB 9.19aC 11.81a
RT 24.34aA 21.85aB 13.66aC 19.95a 9.73abA 7.97bB 7.35abC 8.35b
R ST 22.90abA 21.33aB 13.98aC 19.40a 10.54aA 8.62aB 5.96bC 8.37b
Maturai‘i;n stage 22.39bA 18.91bB 13.06bC 18.12¢ 8.52bA 8.63aA 8.38aA 8.51b
DP 24.42aA 18.00bB 14.58aC 19.00b 10.10aA 9.08aB 9.05aB 9.41a
DPS 23.84aA 21.71aB 13.60aC 19.72a 10.57aA 7.33bB 6.69bC 8.20b

R4 FEABEARTES IR WBRE EZXHSENTN

Table 4 Change of soil total nitrogen, alkali-hydrolyzed nitrogen and available potassium content under different tillage patterns in chernozem

4% Total nitrogen /(g « kg) ™'

BHf# 4 Hydrolyzable nitrogen/ (mg « kg™ )  #AE Available potassium/ (mg - kg™')

Gmwﬁ%ﬁrm J Trﬁim 0~20 20~40 40~60 SEHME  0~20 20~40 40~60 FHE  0~20 20~40 40~60 FIE
cm cm cm Mean cm cm cm Mean cm cm cm Mean

RT 1.98cA  2.08aA  1.24aB 1.77a 111.52aA  92.32aB  36.83bC  80.22a 143.97aA  82.32aB  53.50cC  93.26a

. ST 2.04bA  143cB  1.05bC 1.51b 81.43dA 64.32¢cB  37.34bC  61.03¢ 79.76dA  64.81cB  65.17aB  69.91¢

See dll:iljl iqstage NT 2.04bA  1.58bB  0.95¢C 1.52b 96.47bA  65.87bB  46.16aC  69.50b 67.36eA 68.82bA  52.4dB  62.86d
DP 2.11aA  1L.11dB  0.67dC 1.30¢ 86.10cA 51.87dB  19.71cC  52.56d  114.79cA 55.69dC  63.35bB  77.94h

DPS 2.13aA  1.24dB  0.72dC 1.36¢ 86.54cA  52.36dB 20.26cC  53.05d  125.73bA 56.03dC 62.46hbB  81.41h

RT 2.10dA  1.92aB  1.64dC  1.89bc 81.46dA 77.36aB 67.44cC  75.42h 110.52eA  63.55cB  66.33bB  80.13c

N ST 230cA  1.76cB  1.84cB 1.97b 93.0laA  56.42¢cB 51.17eC  66.87c 115.62cA  59.07¢eB  55.05dC  76.58e
Taffetiﬁfi]igc NT 243bA  1.60dB  1.56eB 1.86¢ 67.78¢B  71.90bA 5491dC  64.86d  113.61dA 60.77dB 62.47¢cB  78.95d
bp 2.66aA  1.86bB  1.98hbB 2.17a 88.34cA 7838aB  69.44bC  78.72a  117.32bA 74.06bB 62.47cC  84.62b

DPS 2.68aA  1.97aB  2.07aB 2.24a 89.75bA  78.64aB  70.89aC  79.76a  162.28aA 84.41aB  73.90aC  106.86a

RT 1.78dA  1.81dA  1.76cA 1.78¢ 60.98¢B  71.74bA  51.24cC  61.32d 83.62cA  8240cA 84.54cA  83.52¢

- ST 2.16bA  1.89cB  1.87bB 1.97b 77.76aA  72.49aB 48.20eC  66.15b 78.74dA  72.94dB 61.04eC  70.91e
Matu?zzgfﬁstage NT 2.02cA  2.00bB  1.78¢C 1.93b 71.50cA  63.42¢cB  56.17bC  63.70c 95.83bA  88.20bB  90.34aB  91.46b
DP 2.08cA  2.15aA  2.10aA 2.11a 75.58bA  72.96aA 64.05aB  70.86a  107.73aA 97.97aB 87.90bC  97.86a

DPS 224aA  2.00bB  1.48dC 1.91b 66.13dA  54.14dB  49.39dC  56.55e 96.14bA  72.03dB  70.19dB  79.45d




36 TR A X AR

o538 %

2.3 BEAXMEXRFEREMKEZHZNE
3 5 Fs , ARREBHE T T £k m A —
E2S HERARE KO ERAN DP>
NT>RT>DPS>ST, 5 RT Zb¥AH L, ST F1 DPS 4b#f
HIF= R T 7.4%F1 3.3% ,NT . DP Ab B3 551 34

2.3%F1 7.8%, 77 i B AR ST 5 & =5 1Y DP AH 2=
16.5% , VERHHHE T O E R = A — E RS2

M= R R E 77 i AR 2 B R A
K (P<0.05) , M-5HE R HAMHEEARE, 5E
KENEAR —EMAHLLR,

x5 ARMEAXTIEMTEREMBER

Table 5  Crop yields and their components under different tillage patterns

qhEm ﬁ%ﬁl HATHL ﬁ*ﬁ%‘ﬂl %@ﬁéﬂl E*ﬁi{g Wi/ g FRLTE/ (kg « hm™?)
Treatment Panicle Rows per Grain number  Grain number 100-grain Corncob Dry weight
number panicle per row per spike weight weight of maize
RT 56.0+3.0a 16.8+0.6a 33.5+2.8h 562.8+65.4¢ 31.5+1.3b 33.8+5.1b 9743.7+1700.8a
ST 52.35.7h 17.420.3a 32.8+3.5h 570.7+50.5d 31.2+1.9b 36.7+2.8a 9021.2+151.2a
NT 52.3+4.5h 16.8+0.0a 36.9+2.7a 619.9+45.0b 32.1+1.9b 35.3+4.5a 9970.8+524.9a
DP 51.3+2.0b 16.8+0.1a 37.3+0.6a 626.6+15.2a 34.6+1.4a 33.31.3h 10507.1915.6a
DPS 54.2+1.6ab 16.8+0.7a 36.5+1.6a 613.2+16.1c 31.7+1.8b 36.5+3.3a 9424.9+690.9a
r -0.314 -0.710 0.709 0.628 0.881" -0.846 1.000

T * FRTE 5% /KPP E, * * FORTE 19K FARCYERR .35 5 r D™ b B 3R 577 1 AR DG R 8K

Note: * indicates significant correlation at 0.05 level, * * indicates extremely significant correlation at 0.01 level. r is the correlation coefficient

between yield components and yield.
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3.1 HHEA XX LR B RN

RT b3, +HEZEE | MR FEK & i A% 0~
20 cm 2R BIFT 20~60 cm + )2, M HCE]
HIEHH 0~20 em 23S 0w, il RT £ 2
SHYEY A KT 0~20 em JZ 335200 AU
MXF 20 em DL 3EUR 2 0 -4 DL K e VE Y A K3
Fom A /0N LR R 2 RT ALk B0 476 ol 580 B R R A
AN, X TATHRAURE SR DL S & s LSS
SRR AR, X—45ie 5 REEE " w
R AR —3

ST BN, iy RIS | W 4K i | A SRR AE
YIBYER AT LLE Y, H 20 ~ 40 em J2 1 3E7E —E I
N5 0~20 cm F140~60 em + )2 M HoAlAb 3 2~ Ji]
AR, BRI N, 20~40 cm HIEA B
W% RT NT . DP . DPS 4bFR 4351 A% 14.5% 15.7% |
12.9%F1 7.4% , {H b BRASCR PR A5 B () 5 0, 328 i 422
U A AL 520 ~ 40 em )2 4358 ) B) R K i Bl 1R
Y KAEZWHE T, 5 0~20 cm 1 40~60 em 1 )2
IS LA TR] 5 A TSR AR LA v LR, 20 ~ 40 em
TR 58 KA R AR i oAl b 3 /D <0.25 mm
R 0~20 em F140~60 em +J2£ . WiAE
FRA SR JT I, ST 5 NT Ab B 22 S #4048 1 2 i HLAb
THARAKF, Ui ST AbHLAT LARL AR 20 ~40 cm JZ

- S R R BRI AR A T KR D T
AU (H A ROR B AR T BRSO 0 &
ARHFFELE RAEZSTE | H 0] 557K 2 B F5 bk b 54T
PRGNS E ARG RS A AR — 8, O ST
HHE R BAEFHAE 15~35 em 1+ 2 HE TR ME#E
VB, HXEAS [F) R B 40 3 A& AR A FH AR B/,
TE 38 A SRUTIE Je K S RS 15 i MRV sk
BRI, TE SR AR ik R
S ST A LA R T 38 55 43 & i, 5 ARWESE
SERA 2, W] e T M | A S5 1 A5 Dy R
BUARTR FEU , B H FTX ST A58 25 5 32 B A
TEVCEE R BRI 11202 X 3R 3 R Y
WFoT s RARD

NT S SR (G B MEBEAE , 1A AR S F 55 11 34
A A R AR R, R I AR B g R
B NT % + 3 22 Fh B Akt AR A7 W S A 41 R A
A 2524 B 9E 7R NT XoF 1 338 B3 Ak P 5 10 422 v
A EH —E R, AR, KL
KR >2 mm KA SRR A5 1 2 A B4
PR TR, Hofh 38 b5 0T R F B 3 T Hofh b
B, ONT ZbBR 25 H R /K BE 77 5 H b Ak B sk R 22
52 U AE O (I 5T 45 AR 5 K R AR 1> 0.053
A RIS e, ST B S A AR
MAHLRA & RRH S ST RT 2% A 8%, X5
TERAES ST NT ALFRIAF 76 22 RAEM S, & 1l



5513 1

AT BRIG I 2 i IS 45 A 22 5, T AR IR
SRR B g, NT A 0 R A% SRR e A PR
A TR AR R B E

MATRIFHE T 200 EL ok F, DP Al DPS 4b B
HA 0~20 em 2RI RS & L NT SR04
BEFEZE 7RI 5E A H Al 4 B R 3R & B B
ABZEEE A T At = Ak %) e 3 13 A O R B A
TESE T TS5 by | F K PRI e ) RS 4 & KO- 55
Jr R — 7 B e O, Wl RS R AR AL O R
FAEY R FE IR 3K 6 S H i L Rk
ARRAGAE SRR, R T LRSS R R R
T BARERE A% 7 0 TR & A R R 1) - 43¢, 7 R F 2 4l
T AR, VR A A PR A A ) 1 R
it 1 ELXT T AT W AL 2 B A b B 3 1117 1 98 078 <
PRAKBE I WO BT, B2 i 2 A ol vl DR 3R £
JZEYFR A ATEVR)Z B 1, B T IR )2 4 HE
A AL ) [ A7k 5 R e A AR o A S
(ORI FE 25 SAHAE . TBR T H E R K =46, DPS Ab i
PIET DP AbPE (0 22 5 A W3 ULEA RS F1i4 1
XFFHETE A Ty | ok B b B | o 4 A L
FRAE T HAEAETE T, (B2 A PFsE R, A+ 1R
F ML fra AR he | DR bt et S U0 R RS A 38 T St
T SR R R AR,
3.2 HHMEAXMEYFFEREMREZNZME

KTBHE A EY = 2 0y, YR & h
KA IFTE (R EE R AR A, DA% 4
HE BIBE BEREFIER A 4 FROBRE 7 AT H R, A5
TR Al A PR 7 8.3% ~ 11.5% 4518, 45 8
FAEP LIS 5 Z ML RIEIE AN, G
BEONT) G R FAED 3G 7=, 1 A4 R B 260 BF 58I
o, B R TR T R, 5ASHESE 1 45 R — 3L
A5 R BIAS FFAA H (DPS) 7= B 4%, Al BE S 34 H
(AT I A SSCRERAI, 18 A A R B R A HEVE
AR IRy, T IR R XHED R R R
Kpegm, X r=A4: DL ERTRI R SE3R, nfg 2%+
ikl PSS S AR S A £ 7 1
KIWFZM , AN 5] DX 38 38 B B4R 7 AN S A ]
IO 12 PR b ) B L) AH L TR R

ZE LTRSS, BB AT T
PR R R I BT — B, SR X L R B
BHE 0, MIRSFF B0 W TS g S s
W AR FAME A 72 | R 32 R ORI (1) Ab B0 i o
RS FEIE A, A R ik 2 e HL AR -+ e 0y Fnsid fn 4

U AE < B T 2O R AT 4 T BENE T IR S K i 1 5 ) 37
Yy BERBOR .
& % X k.
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