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Study on farmland soil and crop biological effect on different tillage
methods in annual double cropripe area

XUE Shao-ping, YAN Xiao-li,ZHU Rui-xiang, YAO Wan-sheng, Han Si-ming

(College of Mechanical and Electronic Engineering , Northwest A&F University ,Yangling . Shaanxi 712100, China)

Abstract: [Objective] The study was done in order to find a suitable tillage method in Guanzhong an-
nual double-ripe crop(winter wheat/summer maize)area. [Method] Compared with traditional tillage, farm-
land soil moisture and nutrients, wheat and maize biological effects of seven tillage methods were studied in
this paper. [Result] The results showed that among these methods, high standing stubble and no-tillage
seeding of summer maize was better than low standing stubble and no-tillage seeding. Model 6 of “straw
chopping, sub-soiling and rotary” in winter wheat insemination and “high standing stubble and no-tillage”
seeding of summer maize was the best choice. Compared with traditional tillage, the yield increased by
38.3% and net income also increased by 42.7%. Model 3 of “sub-soiling and rotary” was the second. The
yield increased by 20. 6% and net income increased by 23. 9%. The tillage-free and rotary tillage modes are
better than traditional tillage, but they didn’t show desirable effect. [Conclusion] “Straw chopping, sub-
soiling and rotary tillage” in wheat insemination, and “high standing stubble and no-tillage” seeding of
summer maize could greatly improve farmland’s environmental condition of water, fertilizer and air, keep
high and steady yield. It is suitable to extend and apply in Guanzhong annual double-ripe crop (winter
wheat/summer maize)area.
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A 2 R BAL G BB — AU — 4% 770 TR
TORFIAL 2 R B0 32 26 4% 7 0 O ik L 0 10 4R
oK IRV S F A /N 2 PR A B K T RS AT MR s
R FI e — 2% 4% 7 19 75 3 T = R OK ML J2: LA A
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1R

11 RIS igoR

T 50 Hh 1 AE VG AU AR MR K2k . %
XK 560 m, Jm B iy 214 1 e A L AR < 129
C,AEYIREIK & 635 mm, JLRE A 228 d; 56 i + 4
Fr B A ML A 14,63 g/kg, 24 0. 997 g/kg,
ARUA 88. 14 mg/kg., WA W 8. 94 mg/kg, H &L #f
151.7 mg/kg, A7 — & HEKFK M
1.2 A&t

R 4 B 78 56 v — 41 5 A X S B, 5 8 R k1
L

B 1 4/ 22 T Bk 40 b — B K & B2 2 Sk
. A/ ZE TR FOK MRS FRUCR IS 406 IE L
JHE A b, B B SRR /N 22 5 BB ORAE A #E /N 22 O3k
BB 30 om, B J5 7 = B 2R M L G0 B it AE 4% Rl R
b/ N

B 22 /N2 TR B4R Fh — 326 KR AR 7 e Bk
b, /N REAERI 15 5B K TR A AE /N 22 0K
RIS EAE 10 om, i J5 78 A% B 2 Hb L S 8 it IE 5% Fif

B 32 & /INE RS MG Pl — B £ oK &
G RFRE I, A /N 22 78 W B K B R AT IR S S ] B
50 cm, FATR 30 cm, I 4 AE R} | HE B 3% Ml S 254 /1N
% B ERFERRIALA 1,

B 42 /N2 TR T #F 5 Fih — B R OR AR 8
AHRERD . &N RN R R 35 B K3 A R A

= 2,

B 52 46 /N 22 VRS e B 4% Pl — B FORAIK 7 2
T BFRE AN . 4 /N 2 AR AE B KRS FECIR S L 8] B
50 cm, FAVR 20 cm . I 4HUNE AE R} | E B 34 M 5 2546 /)
i H B AR 2,

P 60 & /N S FF AR T IR e HF IR A — B B
K B ARG D . A /N TR EOROR B B
T R FF Bt oK 5 FF oy e 349 40 78 25 M T TR B 50
em, FATR 30 cm , I Ui AT R} L E Bk 4K b S S5 9% N
HERFERFELA 1,

B 7 & NEREFF S R — Bk
FAAE G BF G Rl . A& /INZE AE BT AE TR WAk i, 0 7
K FF Bl J5 W8 FT S0 BF it AE % b s B2 5 K 3% A ] A X
1,

B 8+ 2 /IN 7 A% G5 TR B e HF 4% b — B B oK &
FAAE G BF G Bl . A& /INZE TE BT B K RS FF IR )5
o ISR IR B 20 em, IF BEHF R ML S RGN E B
FAREMRIRR 1, B 8 WS AERI .

1.3 KmmA*

A5 BEVEAS 24 0 HE 5, AN 1 3 A, /N X T AR
13 mX 134 m; 8 Fpflk 1 5 5[] — it A /K °F- « 4/ 22
RIS A% b, 4 hm® Jifi 6% R S 8% 750 kg, i B R
B5 750 kg, 455 A R 225 kg B E K G Fh it
B hm” i fJRZE 300 kg, 45 KB R & 225 kg
BN ARG BRBEEC 7 SR B A G A i A B AL i
4Gl Ab  Foax 25 B X 1 R T SR 3B WL AT 46 b, 15
hm® #1105 kg, 5 £ K5 — % H G B8 L iE1T
A, hm® $F 4 52.5 kg,

1.4 MNIBE RFE

(DBFZARDE . 2 FBEAERL AR S S W58 D
N Tl 55 2 Bk 2 IR
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20 cm 1 20~30 em T 2B FHEAE,

(3) L HEAK A K . AE B —FEAVE Y6 R Rl .
A H R AR R R L £ A Bt . F 105 ~110
CHER Tt 6~8 h 248 it it J5 AR BT 4 L il 2 0~200
em +HEAR[E 2 WK £ 58 & k&, Hoff 0~100 cm,
FbE 10 em B 1 J2;100~200 cm & fE 20 em HL 1
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Table 1  Comparison of soil density under different tillage modes g/cm’
BEFERE + 2R E /em Depth of soil
Tillage mode 0—10 10~20 20~30

Bk No-tillage 1.39 1. 44 1.52
JiE#F Rotary tillage 1. 10 1. 26 1.53
F#F Plow tillage 1.18 1.22 1.52

HE#F Loose part 1.10 1.22 1.51

¥ #S Shallow subsoiling ;, se ba 7
23 Hardy part 1.22 1.37 1.51
HE# Loose part 1.11 1.21 1. 25
R As Depth subsoiling E se par 7
S Hardy part 1.21 1. 38 1.42

MELIAUBH.E0~20cm +2, HHEAE
/N A R PRI VR P Ak 3 R S, T SR 1. 16
g/cem’  ERF AL HR R 1. 18 g/cm®, B AR AL BE O 1. 20
g/em’ AL FE N 1. 42 g/em®, 20~30 em + 2,
TRAS Kb B 7 AL OIS 2 AT W, LA O 125
g/em’® I Z TRAS 57 Bt = VE L A0 TR b 57 5 0 1) £

AR AR A By o 25 T B AIG 5 T VR A BERE L S B R B R
FAHRIKZEFAE, FHEAERETE 1.50 g/em® DL L,
2.2 AREHEEXBELENF O

AN FEFFER R AR IR 56 )5 (2007-06-09) B #E)Z +
32 A 5 I T (2005-08-26) ¥ 45 — i AR 4k, L
EERIE 2,

x2 FARAMEEATRENEMELIEFRSISENLR

Table 2 Comparison of plow layer nutrients before and after experiment under different tillage methods

e R ey FRE T T
N (g+kg™ D) (g-kg ) (mg -+ kg™ (mg + kg™ ") (mg kg™
Tillage Organic matter Total N Available N Rapidly available P Rapidly available K
mode 08-26 06-09 08-26 06-09 08-26 06-09 08-26 06-09 08-26 06-09
1 14.17 14. 49 1.032 1. 206 89. 34 67.18 9.21 10. 29 181.8 257.4
2 14.15 14.45 0.962 1.125 80. 17 61. 84 9.69 11. 33 158.0 224.7
3 14. 66 15.13 0.995 1. 139 84.17 63.69 8. 49 11.68 183.4 249.6
4 14.56 14. 87 0.982 1.129 81. 33 66. 84 12.42 12.53 165. 6 224.7
) 14.51 14. 82 1.011 1. 141 96. 00 64.79 7.20 13.07 182.1 215.4
6 14. 85 15.62 0.996 1. 026 91. 34 64.52 7.68 9.95 165. 4 173. 4
7 14. 21 15.43 0.995 1.042 94. 17 61.29 6.96 11.16 152. 7 162. 5
8 14. 22 13.85 0. 986 1. 009 94, 67 60. 37 7.58 6.01 149.4 159.4
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BRBFVERLEC 8 A, I 45 R 1 A% =X 4 198 o 280 1l Ak
R it B0 5 B A AN R R G L X S
FEFF IO H A — 2 G R MR 8 4 4l sl e % 1
T 50 5 A 0 W R AIG, 32 BT R
2.3 AREBERK T EHK S B

ARFBER L 2 m 42 HEK R BLESE 3 4F
A0 5 &5 R SR — B, AR SCLL 2007-06-08 4% /N F
WK G A 2007-10-24 B 5 K W AR I A4 5 Sk 9],
GER WL 3.
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Table 3 Comparison of soil moisture in harvesting winter wheat/summer maize under different tillage methods

5 " THEEKAE % + K i/ mm
H :i)idte Average soil moisture Water capacity
Test time 0~100 cm 100~200 cm 0~200 cm 0~100 cm 100~200 cm 0~200 cm

1 12.8 15.7 14.3 179.2 219.8 399.0
2 12.9 15.8 14.4 180. 6 221.2 401. 8
3 14.0 16.5 15.3 196.0 231.0 427.0

06-08 4 13.9 16.4 15.2 194. 6 229.6 424.2
5 13.2 16. 2 14.7 184. 8 226.8 411.6
6 12.6 15. 4 14.0 176. 4 215.6 392.0
7 13.2 17.0 15.1 184. 8 238.0 422.8
8 12.9 17.2 15.0 180. 6 240. 8 421.4
1 19.2 20.3 20.1 268. 8 284.2 553.0
2 19.7 20. 6 20.2 275.8 295. 4 571.2
3 21.8 21.6 22.0 305. 2 302.4 607.8

10-24 4 22.1 22.0 22.1 309. 4 308.0 617.4
5 20.6 21.5 21.1 288. 4 301.0 589.4
6 20.8 20.7 20.8 291.2 289.8 581.0
7 21.0 19.6 20.3 294.0 274.4 568. 4
8 19.7 20.2 20.0 275.8 282.8 558.6

M 3 AT LU Y & /NEWORES 2 m 4 R AR TA]
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KGR G LIAER 4 el B 3 Rz, A 45 #F VR
AR X HF — 20 Ul BT RAA B 1T 38 K 4R 0l 2 T
L R IR 2 oK & [ B Ul IR A — € 5
2.4 AEMEEXIEDHEDZE
2.4.1 AP EERZFH A LI 2006~2007
A BE R ) A TR B AR A R A /N A K R B R T
GiRWE 4, WK AFLIEN, &/NERNF AT B

W AERKEFERI DA 6 &b, HRER 3 M
B 43X 5 IXOLR L B2 S5 g A | R oy
T RHOK RO A E VIR A 7 &7
TR I8 22 i ot Tz U2 3 R 0 RS A
SRR AARE IR, T 52 ) & /N I A KRR B k.
2.4.2 MAEAERERZLFNHw L2007 4EH £
KRy B AN TR B AR AR X0 B R OK A K R E Y R e 4
RUWFES, NFE S ATLLE 5 B AR F A FEHY
B AR R B RO UL 6 by, Hk 2 #i el 3 FI
A4, FAEX R 3 A 4 1R, 3F— 2R
RIS AU &N K R EAR#EN . mHE R
AR ITREEERSE T HAEKET R,
[Fi] B 38 3 — 25 e WY L PR 2 S0 B A - 13 bE O E Y B
PO — AR X AU S AN EMERET
M H 2 2 EKA B ERKE T Z 5,



116 PG b AR ARRE B R 27 2= 4 (A SR B2 WD %37 %
F4 FEAMEEXNTENZERKEEFTRANIER
Table 4 Comparison of growth and development of winter wheat under different tillage methods
Bl AT T AR A
s Before winter Spring Adult plant stages
5 = - — - o o
Tillage PRk Sy BERL BRI A AR B HLRR 7> BESL B R A AR B s FLRR IR AE AR B
illage R E /em TR RR R AL
Number of Secondary Number of Secondary . Secondary -
mode . . Height Ear number
tillers roots tillers roots roots
1 2.5 7.8 3.7 15.5 78 22.4 3.0
2 2.4 8.1 3.4 14.3 77 21.5 2.5
3 3.0 8.9 5.2 18.1 81 27.2 3.5
4 2.9 8.5 4.8 17.5 80 27.0 3.4
5 2.7 8.4 4.5 16. 4 76 22.7 3.0
6 3.1 10.1 5.4 18. 8 82 32.2 3.5
7 2.2 5.7 3.2 10. 4 72 20.0 2.1
8 2.3 7.5 4.1 10.7 79 28.7 2.9
x5 AAMEEXTEEREKEZETRANILE
Table 5 Comparison of growth and development of summer maize under different tillage methods
41 (07-24) I (10-15)
BEE Young plant stage (Jul-24) Maturation stage (Oct-15)
(2N " “ - R/ WEE/ N , ,
P WEAEC pCEREC EM/em O BES o p/em i em TR /g
illage 1 8 /cm ‘ T ealk (g+# D Bk« hm %) HE/cm Ik ! Mass of
mode Height Lea Secondary Sta Dry Plant Height Sta Ear ass o
number roots thick . thick height 1 000 grains
weight number
1 85 8.4 5.6 1.2 48.9 32 010 230 2.0 89 209.1
2 83 8.5 5.8 1.1 45,2 32 115 230 1.9 86 207.7
3 95 8.8 6.8 1.2 55.9 32 865 232 2.2 93 221.5
4 90 8.6 6.5 1.2 54.5 32 160 231 2.0 85 217.1
5 87 8.6 6.3 1.1 53.6 32 445 230 1.9 84 211.4
6 89 8.8 7.4 1.3 58.1 32 655 235 2.3 79 253.5
7 78 7.6 4.6 0.9 38.3 32 025 216 2.0 78 198. 6
8 87 8.4 5.2 1.1 40. 4 32 355 216 2.1 74 204. 2

2.5 AEHEERRIE =

AR i T 82 254 R B0 DL R oK
IS 20 L AN ] o DRI 6 48 /I8 2 1 I K B 7= e 7= A

BE L LL 2007 4F D9 ) A XA 8 1 4 7 AOR
y—[l—‘% 60

*6 FAAMERRXTENZ . EEXFENLE
Table 6 Comparison of winter wheat and summer maize yield under different tillage methods
Pl AN FE WK AT
i st _ Winter wheat A _ Summer maize A _ Total A
Tillage e/ _ R E/% e/ r R/ % P/ HWER/%
mode (kg « hm %) Increase (kg « hm %) Increase (kg * hm™?) Increase
Yield ratio Yield ratio Yield ratio
1 5 580.0 +10.6 5 832.0 +0.9 11 412.0 +5.4
2 5 434.5 +7.8 5637.0 —2.5 11 071.5 +2.3
3 6 267.0 +24.3 6 787.5 +17.4 13 054. 5 +20.6
4 6 054.0 +20.0 6 574.5 +13.7 12 628.5 +16.7
5 5 875.5 +16.5 6 420.0 +11.1 12 295.5 +13.6
6 6 801.0 +34.9 8 169.0 +41.3 14 970.0 +38.3
7 4 884.0 —3.2 5634.0 —2.5 10 518.0 —2.8
8 5043.0 — 5 781.0 10 824.0 -

M6 i LIE L JGig A /NE R,
IR /N A VR KR PURLG I 4 B DI 6 i
AR 3 B 4 Rz L R RS 5 RIS 1L
R 2R 7 AR 8, B 6 ) i f . X
5 BORAE A A s L RN T K I I e s A 3 R
G i M R AR IR 68 4 A Kt R R R A A )

KA, B3 A 4

.
2.6

PR XS TR LB B
T R A RBEE AR R A OC . B 7 7 i de AR U2
BRREEE R PR I RSN A N 8]

AEMIEEXEFABILLR
AFEBER T S8 S s i B W R 2 5
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X HLACHE A% M AR LA BLARCVE o 9 T 2 2R AT A 2L MR 7 N W s ARl TP RS A DA X
SRR 2007 ARSI HAG SR AR LR 7. R T T MR TR b B T B R AR S T AR S
LI L HAE 8 A HE . DI 6 s e . 2L RO 3 B 4 A S AR TP fe 2
YO 3 B0 4 AR 5, BB T RIEEL S R AR 8 R 6.
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Table 7 Economic efficiency analysis under different tillage methods

; o e = L " . e T
i AN PR kit HOH =/ FURHE L 32/ A/ HBLLS B
; (kg « hm™?%) (kg « hm™?) (JC » hm™2) (JG » hm—2) (JC » hm™2) .
Tillage . . . . Increase income
Wheat yield Maize yield Total value Total cost Net income
model compare model 8
1 5 580.0 5 832.0 14 810. 4 945 13 865. 4 1188.0
2 5 434.5 5 637.0 14 372.7 945 13 427.7 750. 3
3 6 267.0 6 787.5 16 918.8 1215 15 703.8 3026.4
4 6 054.0 6 574.5 16 365.0 1215 15 150.0 2472.6
5 5875.5 6 420.0 15 929.7 1215 14 714.7 2 037.3
6 6 801.0 8 169.0 19 324.2 1230 18 094. 2 5 416. 8
7 4 884.0 5634.0 13 598. 4 750 12 848. 4 171.0
8 5043.0 5 781.0 13 997.4 1 320 12 677. 4 -

1 *Eﬁ% kg B /ANE DL 14 Jeit, R DL L 2 St
B hm?® PUBRAE L 2% . BEHF 270 JT, - ¥ 270 ST FEFFE M 270 76, BIHF 375 70, G BH% Fh 375 7, % ML FD 150 JT, I ERFEFT 150 JT,
Note: 1. Selling price;: Wheat, 1. 4 RMB/kg,Maize, 1. 2 RMB/kg.
2. Cost of machine task per hm?: Rotary tillage, 270 RMB; Subsoiling, 270 RMB; Incorporating straw, 270 RMB; Ploughing, 375
RMB; No-tillage seeding,375 RMB; Traditional seeding, 150 RMB; Harvesting maize straw,150 RMB.
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