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Effects of rotation tillage on soil improvement and increasing yield
and benefit of spring maize

WANG Ping', CHEN Juan®, XIE Cheng-jun', WANG Guo-yu', WEN Jian’, ZHANG Li-juan*
(1. Lanzhou Agro-technical Research and Popularization Center, Lanzhou, Gansu 730010, China; 2. Gansu Academy of
Agricultural Sciences, Lanzhou, Gansu 730070, China;3. Yongdeng Agro-technical Extension Center of Gansu,Yongdeng,
Gansu 730300, China;4. Qingyang Academy of Agricultural Sciences, Qingyang, Gansu 745000, China)

Abstract; A long-term practice of applying single soil tillage treatment harms soil structure, crop growth and
development in arid area. Effects of different rotational tillage patterns combined with no-tillage, subsoiling and
plow tillage on soil fertility and grain yield were explored in continuous cropping spring maize field in arid area. The
experiments of NT ( continuous no-tillage) , ST ( continuous subsoiling tillage) , PT ( continuous plow tillage) , ST/
NT/ST (subsoiling tillage in first year, no-tillage in the second year, subsoiling tillage in third year) , NT/NT/ST
(no-tillage in first year, no-tillage in the second year, subsoiling tillage in third year) , PT/NT/PT (plow tillage in
first year, no-tillage in the second year, plow tillage in third year) , PT/NT/ST ( plow tillage in first year, no-till-
age in the second year, subsoiling tillage in third year) , ST/PT/ST (subsoiling tillage in first year, plow tillage in
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the second year, subsoiling tillage in third year) were conducted in rainfed maize fields from 2014 to 2016.Different
rotational tillage patterns on soil porosity, soil nutrients, dry matter and maize yield were measured.Economic bene-
fits were analyzed. The results showed that, soil porosity (SP) decreased first and then increased in the soil depth O
~60 c¢m and the lowest occurred in the depth 20~40 c¢m. Rotational tillage could significantly increase SP and the
highest was under ST/PT/ST, followed by ST/NT/ST. Comparing to PT, SBD increased under ST/PT/ST by
1.24% and 0.25% respectively. Soil nutrient content in the depth 0~20 c¢m soil was higher than that in the depth 20
~40 cm soil . Rotational tillage with no tillage and subsoiling could increase content of soil total nitrogen and total
phosphorus in 0~20 cm soil.The content of soil total nitrogen and total phosphorus were the highest under ST/NT/
ST and tillage had no effect on the content of soil total nitrogen and total phosphorus in 20~40 cm soil . Rotational
tillage with plow tillage and subsoiling could increase available nitrogen, phosphorus, and potassium in 0~40 cm.
The content of soil available nitrogen, phosphorus, and potassium were the highest under ST/PT/ST. Soil organic
matter content was the lowest under NT, and NT increased soil nutrient content in top soil. Comparing to NT, ST
and PT, rotational tillage could improve the dry matter accumulacation. ST/NT/ST and PT/NT/PT could enhance
dry matter accumulation. PT was not conducive to the growth of maize.ST/NT/ST was the best (ST/NT/ST>NT/
NT/ST>ST/PT/ST>ST>NT>PT/NT/ST>PT/NT/PT>PT) after the spring maize grain yield and economic benefit
of 8 rotational tillage patterns in 3 years were evaluated comprehensively. Comparing to NT, ST and PT, the aver-
age annual yields of 3 years under ST/NT/ST was increased by 5.97%, 3.56% and 15.75% respectively. Rotational
tillage of subsoiling tillage, no-tillage and subsoiling tillage ( ST/NT/ST) improved good tilth soil structure, also
increased soil nutrient contents, could effectively increase the yield and decrease production costs. It was suggested
the ST/NT/ST was a more appropriate rotational tillage pattern for the continuous cropping spring maize field in arid
area.

Keywords: rotational tillage; spring maize; soil organic matter; soil nutrient; grain yield; economic benefit

2N TR SR TR, PR ERY BT ST DU Al 1 7 i — I B i S

B 5 o 5 T AR o T AR 639 L L
X FR, B PR K ] T S 4R R
P, 55 S i 29 3 2 A A K R
AL A P T B I < POK IR H
R, HOA A e B AR AL P AR B B R 32 20 M
HRAE e R MR S A S AR TR R A
BAL AN, Y S AR B Rk oy
FHRCR SR A, S T $shdt 5 i E it
YRR ARG A RNz AT AR
WBAFRY R FE— e o 111 5 X B3 55 3 77 1 sk 2>
L R TR WA 7 P ST e D AP 7SR v/l e e 5
B MR AR AR E SR T B AR R I [
HE L KA, e PR I L [R] 5 L 28 O O 1
R AR A A 5 220 AL SRR 32 2 ik
7w T PRI B, 1000 0 B 2 B AL
JZ, RIZ LA G, K LR, YT
ANEBABHE DT R 1 LR SEY R A K,
ARZIETE A B e Bk L R P BB S5 B 1 O ik e i
AL 2 Y BRI B IR R BEAE o 1 O
KB TR IR S e B0 A B R R ek
e B —WEAE BT O B 1 22 B PR, 5 B

R RF S AL ) 284

H AT, SAELO S MR 7 X iy N 2 %2
SR PEREE T A - B AR B KR
MG A HT . T X R b XA AR Al i 5
i T e B> . AR T 2014-2016
AP e A B TR BIPEEE T R AR AR
A BCIE A 8 FhfEAE 7 =X, W9 T 78 B oKEE T 1Y
IR RISy TR R AT B LR A
PR LI A DE AN AS [ 58 B A5 2 0 5 8 O 9P P R A
FARSRALR 22K
1 AWt 5hk
1.1 R Ie X R

TG AL T == M A B K EE & K IR
AL 255 /R TG HEHb (35°51'N, 104° 17", 4k
1998 m), )& T2+ bR X, TFHM 100~ 140
d, 4 H BBEFEL 2 500 h, 4571 BH S5 5 4 800 ~
6400 MJ - m™, AEHAR 7°C, AF SRR OK &= 350
mm,56% WK REEPTE 7-9 A, 2014-2016 4F 1)
FEK S SR AN 1 Fr s, 2014 4F 2015 4F 2016 4
Tk A B W & 4 51 385.2 mm 241.6 mm |



55 1 T

A RS E T kR AR ORGP R SOSOCR TS 61

291.5 mm,, a5 DX {8 ARG, G 0 bl P40 4
Hemdi L, BHE 0~20 em HIERE N 1.37 ¢ -
em” HHLTE K 13.18 ¢ - ke™', A AWK

100 L
0 % W & Precipitation

—O— "5}l Air temperature
80 F

60|
40}

20 F

[% 7 & Precipitation/mm

1.017 g - kg ' .0.67 g « kg™ ; Bl fiff S0 . 3o 50 A 54
B4y 1K 52.8 mg - kg™ \14.44 mg - kgl 165.93
mg - kg,

1 2/3 45 6 7 8 9101)12

20144

20154F

W )/ “F [% ¥ 5 Annual precipitation 125
—@— JJi 4 Annual temperature
o
B
=
=
oy
(=9
g
L
=
i
8
201645 d 10

Bl RIX 2014—2016 £ ARRERSE
Fig.1 Rainfall and air temperature in the test area 2014-2016

1.2 Rigit

WG T 2014—2016 F7EFH FOKEE - T,
2014 I R PR A Bt 8 AR 1K
FKHBEALIX H BT, AP EAL F 3 R E A, 3
24 A/NXNX AN 120 m*(15 m x8 m) , EKYY
R AR ZE R, BETEALBEAE 430 R . (1) 3%
SEGHE (NT); (2) LR (ST); (3) &L B
(PT) 5 (4) A bt SRR HE (ST/NT/ST) 5 (5)
B AR (NT/NT/ST) 5 (6) B il
L BBHEAE (PT/NT/PT) 5 (7) BIFF S bF SR P e
HE(PT/NT/ST) 5 (8) WM, BHHF B I 58 #F (ST/
PT/ST), HAK L FERAERT . (1) SR #F b 2t
(NT) RS A R BT AT = SR VE R i, R — i
LA BRI ; (2) TRAM AL HL (ST)  TRAM IR E
30 cm, FEEETAIFG 40 em, B4R F RGBT ek
R85 1t W 0 A5 280 K5 K B 1k A 1 B30 | 284 - 1R i
JE R T HEAT - ETRAS it T 7 46 B 2014 4R 7%
PABEVE 76 2548 + 8 R )5 JF R (3) BBk b 3
(PT) ; BARUHE A TR BH 20 om , 38 BRI E) 5 4
FHIA], T BIBFHLMCR F e hibl, 8 HFEL
PRAYHIC A 5 b SO & B i Y AR R, oK
m P AR 4 45,667 m® LRI 3 500 A, 3 it
AL N(RE, SR ELHN 46.4%)150 kg « hm™ P,
O, (WhlR %, MR 16% , 5405 44% (LA P,O431))
120 kg + hm™, K,0 (L5, & K,0 60%) 90 kg -
hm 2, A HLUERT 500 kg » hm (IR IGEEAVIEA

HUE =45% N+P,0,+K,0=5%) ; %t (— LA
FH) it I, $E 50 B | B0 e BRI EL VR A e iE 2 Dy e A
FEAL, K FH 4% 07 Xt AFE R AT, K S e S i
it A 855 5 RS | BB AT HLAE A B 1R 0 1] 4 Sy 256 A it
A e S0 ) B P () 457 R it ) > R
1.3 METHERITERZ*
1.3.1 B3l gml e HHEEENE. 55T
2014 4£3 J1 20 HH12016 4£9 A 20 A, R TI
A3 5E 0~20 em 20 ~40 cm 40 ~60 cm + /2 AN ]
BHEALHT ) R R/ NDORSE 3 4, Hirpr,
2014 473 H 20 H I E 1) 3= 98 FL B BE Sy Ak B i FL B
o THEALBREE (%)= [ (1- T34 ) /I |
XlOO%,i%LIZEzZﬁS g cm_3[“]O
132 E¥EHRmymz? 201443 H 20 H5 2016
9 H 10 B, ASFEBHEALHEL/NX 38 523 145 50~ 20
em 20~40 cm )2 14 /N IC=AS SRR TR
G AR s KT RS AR 3R 47

1) BIEAHLT (OM) : AR TRII A %

2) 144 N (NT) . BB TR P IH AL

3) BIEA P (TP) il —m SR A

4) + 34 K (TK): NaOH % fib—k %4 % &
AREE

5) T HEmEYE N (AN) BBk

6) TIEHAL P (AP) BRIR SN2

7) BHEHAL K (AK) « BB S — K IAOC BT
1.3.3 E2RFHmEZEae  TYRELS RN



62 T T XA TS

536 %

preii e o N2 R VR RN VI B R R 28 DS g
WA /N DX SR e UK 5 — B A MR 4 Bk, Bk E T
105°C F 247 30 min,80°C Mt T2 HE, HEH /2 —
HL R RREE ; T R B A T Sl =
1.3.4 zfxa el =1EYr-Ex 45ty
ks

S = BERH A it FH o + B4 A& it FH 1 +
i A% it FH 2+ N T35 77 + B

Flias = - iR -2
1.4 HELE

IR0 R ] SPASS 21 i Ab BRER (4 017 5 25 4%
Br, K Excel 2013 1R,

2 RS0

2.1 AEFHEARKIT L EFLBEERIFNE (2016 &)
B2 AT AR RIBHE DT 20T 0~20 em 422 4%

LB KT 20~40 cm +)2,0~20 ¢cm ,20~40 cm

J 40 ~ 60 em - 2 A AL BT 4 4E 2 0

s4r

ab

wn
)
>
o
=

+ 3 LR FE Soil porosity/%
~ ~ ~ W
-~ [} -] (=}
o

~
S
T

40

0~

20

49.00% 46.95% } 48.25% ,0 ~20 cm # 20 ~40 cm
FIFEALBR R 4.36%, 0~20 em +J2, HIEFLER
JE ST .PT ST/PT/ST +3EALBREE =5, NT NT/NT/
ST + LR /N ;20 ~40 em + )2, NT FLF 2 5
N HHERHE T 2 8] 2257 2.3 540~ 60 em 12,
ANEBHER R Z 222N R E; 0~60 cm +)2,8 Fil
BEVE 7 200 1 L BB P B {E AR I R ST>ST/PT/
ST>ST/NT/ST>PT>PT/NT/ST>PT/NT/PT>NT/NT/
ST>NT, % AbFEHT,0~60 cm +JZ, ST/PT/ST ST/
NT/ST NT/NT/ST .PT/NT/PT }2 ST/NT/PT b3 4
AL B BT B 3 4 T 3.42% . 2. 10%
-1.32% .0.79% K 1.31%, 7] WL, 528k 7 b A TR A
SRR BHE T ) RSB B R . B2 ,0~40
em T2 5 BIPES R L RE 8 W 1 1 4
FLBREE , URAS 5 BB R 17 46 BF o R A i - S AL B T
A R BFVEXT 40~ 60 em + )2 FOFLBRJE R M 45708
AR 0~60 em +)2,5 FpfHHE X LA ST/PT/ST
EORNG N85 N < - SR 5 i e 6TV 1 OF /o=

60

+ 2 Soil depths/cm

O 4 ¥ fif Basic BANT BST B PT

B ST/NT/ST B NT/NT/ST

B PT/NT/PT [ PT/NT/ST m ST/PT/ST

B2 FREZHARXT 0~20 cm 20~40 cm & 40~60 cm LR T EEFLERE
Fig.2  Soil porosity at 0~20 cm, 20~40 cm, 40~60 cm depth under different tillage systems

22 AEFEARI TERSSEMNEM

MR 1AL, AL & R AE 0~20 em 20 ~
40 em )2 BRESRHS BIR AL R Z b 25 R Bk
FHAG AL PR B E AN, 0~20 em )2 TR
(AP AR B AT 2R 2 SR RT 20
~40 em T J2FEAHERR, 0~20 em )2 | ELEH—HF
fE(NT.ST J& PT) N L3EH PR &2 0] & 2 H
(ST>NT>PT) , # NT #1 PT, ST b3 + 54 W% &
PR ER T 10.68% 1 9.12% , %S Ab BT, ST Ab¥H
AR SRR T 3.79% ;5 RS HRAL B 45+
JEHAE L& LA ST/NT/ST H i (ST/NT/ST>ST/
PT/ST> PT/NT/ST>PT/NT/PT> NT/NT/ST) , 20~
40 cm +)Z HIFEHHLFE FEIMET 0~20 cm )2,

S —HE T LA ML & K/ R ST>PT>
NT,iX 5 20~40 cm A A A, NT 2L F R 20~40 cm
T2 REAPUR S R E A, AT AR SR R L
J I T R A IR R B AL B S R E A
BUBELHEATZ, 5 FEEH K 20~ 40 em 12 14
AL 7 i 34 b A BT 53 i, DL ST/NT/ST,
ST/PT/ST &5,

0~20 ecm )2, ELLH—HFE(NT ST J PT)
XA K B i s ANk ST>PT>NT, Bk
KB NT NT/NT/ST BHE K & 245 8 &L F H
EHHMERER (P<0.05) , ST 4 PT fig i F 42 7 3L K
i, 20~40 cm +J2 NT ST K PT #HEEXT + 18
WK &R K /NN ST>PT>NT; % #i A =X ST/



555 3] +

A RS E T kR AR ORGP R SOSOCR TS 63

NT/ST 4 2 $2 = - 5330 K % & ( ST/NT/ST>NT/
NT/ST>PT/NT/PT>PT/NT/ST), 0~40 ¢cm +)Z,
ST/NT/ST H1 ST/PT/ST &b BT 4 1 35 %040 & i f
i THHERT 14.40% ~ 16.67% , L) ST/NT/ST %
A R

0~20cm 2, B—E 7 20 - EH o &
TR KN R PT>ST>NT, 5 s #i = rh ST/NT/
ST .PT/NT/PT Rb 38 -+ 8 s el & 10 39 0 38 v T
AT ABHERTIR S T 5.47% .7.07% ,NT % NT/
NT/ST Ab 3 A 1 o 20 5 3 B AR AR T HEAE .
1E 20~40 em 12, PT/NT/ST } ST/PT/ST kb3 +
R ROWE B i d i, A3 0 e NT B R 41.29% F
39.30%, RHBHECATRIA SeBFBEE4E = 0~40 cm +
EARER S,

0~20 em )22, B —BE 7 O 3 i A%
HR/INKPT>ST>NT,, 5 FhEFAERLA H, ST/NT/ST
Ab T A HEGR A R BE, LR BT AT NT ST M
PT 4354 E T 10.28% .1.59% 15.51% I 19.05%;
NT/NT/ST . ST/NT/ST K NT 4bBf 2 ] 22 55 A .3
£ 20~40 em 2, FESEHE I SO L e g A
T K /N N STSPT>NT, ST/PT/ST Ab 38 4 fitt
R Eim. WS R 1R B A R & i |

AL
[RN=ENS

0~20 cm )2, —HHEI L0 2 P &5
K/NKNT>ST>PT, [ PT 03, R4 HH b 4 P
Fri PT i3 £ 1S P MK, 20~40 em +)2,

SR L2 MRA B EES . 0~20 cm 1)E4
P &R KT 20~40 em +Z,

25 3AERHE,0~40 em )2 H3ES N &84k
BN AL PT AbHL R 4 N & S H e HHE I R
%5, 0~20 em 2, NT ST, ST/NT/ST . NT/NT/
ST 5 PT/NT/ST Ab¥ 414 N & 5 43 J1] L i 46

ARG T 0.89% .0.59% .2.26% 4.82%F1 1.08% ,
PT I PT/NT/ST #f1E -4 N & & E A FERTAT,
20~40 cm T2, S HIES N STEEFHAL
#, LA ST/NT/ST 2R & (B i , JLCh ST, L
RIS AL FRRT LTS T 4.77% 4.64% , 4SAEBR 0~
20em HETES N SR E T 20~40 em L2,
TRFS BHAFEA RE A 3 + W B v, (e ik )2 T4
FOHENT A0 SV A W) T sh A L
BB R TFRER NS, BmBE 2 3R K Pt fE , $2 5
WK 3 I RE T, IR E T B R iR s, Al
oGRS RAA S RPEE PR A VLB A L2 IR
T AP, B RS T 2RSS
i S A B H T I Rt A A R T K i X
B NERON IR E TR A R

SR, ST/NT/ST 1 ST/PT/ST 1 Ff 4 H A
FAE 0~40 em 2 XA ML A 3G 50CE R OB BkE
B ,0~20 em 12 R BF 5 IR BRERI 0 42
N Fl4: P WIRZmaE A AR HEE 77206 20~40 em
+)24 N M4 P LR FE W, PT Al PT/NT/PT
A BT R AL PRI K,

£1 FEAMHEAXT0~20 cm20~40 em TETERHEE

Table 1  Effects of different tillage systems on soil nutrients in 0~20 cm and 20~40 cm soil layers
+2/em st EN/(g-kg')  &P/(g-kgh) M%N/(mg~kg_l)i5f:§ﬁp/(mg'kg_l)ﬂij&K/(mg'kg_l)ﬁmﬁ/(g'kg D
Soil depths Treatment Total nitrogen Total phosphorus Available N Available P Available K Soil organic
matter content

JEFE Basic 1.017a 0.67ab 52.80b 12.44b 165.93¢ 12.68b

NT 1.026a 0.71a 50.95¢ 10.54d 149.01d 11.89¢

ST 1.023a 0.64ab 55.83b 12.37b 193.61a 13.16a

PT 0.824b 0.60b 60.03a 12.77b 175.55be 12.06¢

0~20 ST/NT/ST 1.040a 0.69a 57.40a 13.12a 196.69a 13.31a
NT/NT/ST 1.066a 0.65ab 52.09b 10.91d 169.38¢ 12.66b

PT/NT/ PT 0.950a 0.65ab 60.99a 11.56¢ 169.39¢ 12.92a

PT/NT/ST 1.028a 0.67ab 53.97b 11.75¢ 177.95be 13.05a

ST/PT/ST 1.028a 0.66ab 53.81b 13.32a 186.31b 12.99a

Qb3 Basic 0.754a 0.54a 40.76b 8.66¢ 134.79¢ 10.36d

NT 0.744a 0.50a 39.81b 8.04c 112.76d 9.53e

ST 0.789%a 0.55a 42.71a 10.32b 154.16a 11.90a

PT 0.746a 0.52a 40.14b 8.17¢ 143.32b 10.92¢

20~40 ST/NT/ST 0.790a 0.53a 41.29a 11.03a 152.76a 11.93a
NT/NT/ST 0.764a 0.52a 39.35b 8.70¢ 125.42¢d 10.87¢

PT/NT/ PT 0.748a 0.58a 40.28b 10.81ab 133.53¢ 10.92¢

PT/NT/ST 0.761a 0.56a 42.55a 11.36a 143.53b 11.44b

ST/PT/ST 0.808a 0.54a 42.82a 11.20a 157.72a 11.88a
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FLA Y
Milk mature

%]
Maturity

4 B W Grwoth stage
3 AEBEHEXTEREARETHHANTYREL

Fig.3 Dry matter changes of maize at different growth stages under different rotation tillage modes
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£z2 2014—2016 EARRBHEXNTHEEKE/ (kg - hm™)
Table 2 Yield of spring maize under different tillage systems in 2014-2016

A4Sy Years NT ST PT ST/NT/ST NT/NT/ST PT/NT/PT PT/NT/ST ST/PT/ST
2014 7964.13b 8256.16a 6943.42¢ 8213.45a 7908.60b 6723.38¢ 6785.22¢ 8200.54a
2015 6149.75b 6103.65b 5582.55d 6373.20a 6148.20b 5663.20d 5841.40¢ 5871.16¢
2016 5433.20d 5643.20¢ 5370.90d 6428.30a 6111.60b 5634.10¢ 5933.70b 6048.22h

34 Average  6515.69hbc 6667.67bc 5965.62d 7004.98a 6722.80b 6006.89d 6183.77d 6706.64h
HEF Sort 5 4 8 2 7 6 3

2.5 ARBHMAXTEEKREFREST
2014—2016 4F R[FAEG B A A 577 & A

FHIE] AN Rl 3 BEAE 0T 2 B A 7 B 2

(2R3 MK 4) , BlE A7 A 3R & SR AR R Y

NT/ST>NT>NT/NT/ST>PT/NT/ST>ST>PT/NT/PT
>ST/PT/ST>PT, 2016 4F, P~ U 5 i 25 ST/
PT/ST AP 5 &7, ok O ST/NT/ST,, ST =i #8¢
NT 42 % T 4.64% , ST/NT/ST NT/NT/ST, PT/NT/

BN SR BAE T, LA PT B A= 4 H R A
NT BEVER =3 Lo de i, e 001 i s S5 7= 4% e AR bl
HEA—FE, 2014 4 NT #HE 7 X =l |
it A PER B PT O, SR NT/NT/ST
ST/NT/ST Al PT/NT/PT "4l A 7= # L 5 B
—HEVETT 3 NT ST PT B AL A 28 8 B, 15l
%5 NT %8 ST PT #2717 3.06% .34.15%, 2015 4,
BEE D 20 Bk = i lezs NT 5 ST Z 2R AR
B PT /9IRS T 10.88% 9.33% ,8 FiE/E =X
H1ST/NT/ST (77 525 i , IR ss K/ R ST/

ST 4HE N Ay 7= B 3k 25 %8 ST AbHRE = T 8.60% .
7.77% 3.38% , 3 - E K-Vl ts ST/NT/ST fx
L, HOR NT/NT/ST, PT 4b B A T K il 28 fe K,
ST/NT/ST NT/NT/ST B 7= # b 5 ST #H L T
3.65% .7.88% , ST/NT/ST . NT/NT/ST )55 25 5
ST AHHHRE T 13.12% 12.15%, 5 NT M b4 7
2.86% .1.98% ., G PRI 7 L BE AT DRI 7 4%
L, A iR RS 1 i VE P il 25, LAER #E ST/NT/
ST NT/NT/ST ML 588045 5 -4 e 38 %e =

£R3 2014—2016 ERREHER THERZFRNESH/(TT - hm™)

Table 3 Economic benefits of spring maize under different tillage systems in 2014-2016

2014 2015 2016
ek i Spending et i Spending o L i Spendin, o
ot el spending - pEgg o, S%Hhospending - Regg o, S spending  peim L AR
Bt Rz w MGE gz o TR RN Wgs T T TPF
Tillage  pesticide- & Yield Net Pesticide- T vyield Net Pesticide- T vield Net Avera Sort
¢ s ’ benefit ’ benefit ’ benefit orage
patterns — added  Other pepefit added  Other pepefit added  Other pepefit
fertilizer fertilizer fertilizer
NT 2800 3825 17521.08b 10896.08a 2940 3825 13617.45b 6952.45b 3087 4325 9168.44c 2056.44ab 6635.00a 3
ST 2800 4800 18163.56a 10563.56a 2940 4800 13428.03b 5688.03d 3087 4800 9593.44b 1706.44c 5986.01b 4
PT 2800 5300 15275.52¢ 7175.52b 2940 5300 12281.61d 4041.61f 3087 5300 9130.53¢ 743.53¢ 3986.89¢ 8
ST/NT/ST 2800 4800 18069.59a 10469.5%a 2940 3825 14021.04a 7256.04a 3087 4800 10418.11a 2531.11a 675225a 1
NT/NT/ST 2800 3725 17398.92b 10873.92a 2940 3825 13526.04b 6761.04b 3087 4800 10389.72a 2502.72a 6712.56a 2
PT/NT/PT 2800 5300 14791.43¢ 6691.43b 2940 3825 12459.04d 5694.04d 3087 5300 9577.97b 1190.97d 4525484 7
PT/NT/ST 2800 5300 14927.48¢ 6827.47h 2940 3825 13071.08¢c 6306.08¢ 3087 4800 9917.29a 2030.29b 5054.61c 6
ST/PT/ST 2800 4800 18041.19a 10441.19a 2940 5300 12916.55d 4676.55¢ 3087 4800 10281.97a 2364.97a 5827.57Tb 5

T ARFIL0.3 00 - kg™ 3R 3.5 70 - kg™, 150 kg - hm ™ JLEHLRHCRFIL) 800 IC - hm™  AERHIH 2014-2016 442 I8 5% kAT, 2014 4F
FRAEHEA 2 800 TC « hm™2, H& S (R AR +FFE 3% T+ 358 5% T3 + P [R) A8° 3 2% 1D ) 5 5K AP 7B 600 TT - hm ™2 ; B 8% 550 7€ « hm ™2, IR
FA%% 450 JC - hm™2, 35 18K 100 J6, Stk A 7R HCRL 2% FH 800 JT - hm ™2 ; M 13 JC - kg™, 75 )7 « hm™2  #BE 975 I « hm ™2 ; B miZh 4%
REAESR T ARG 500 T - hm (USRI, 2L ) o AR IR 1 2014 AE R RAAK 2.2 70 - ke 52015 AEFORANAR 2.2 9T - kg™! 52016 4F
TRMHE 1.7 90 - kg™,

Note : Farm manure is 300 yuan - ton™ ! ; nitrogen fertilizer is 3 500 yuan + hm™2, 150 kg + hm™2, other fertilizer ( farmyard manure) is 800 yuan -
hm™2, fertilizer price is 2014—-2016, according to 5% price increase, in 2014, 2800 yuan - hm™ of chemical fertilizer was invested. Other expenses
(seed cost + farming field management fee costs + cost + plastic film) ; corn seed costs 600 yuan + hm™?; tillage costs 550 yuan - hm™2 | subsoiling labor
costs 450 yuan + hm™2, 100 yuan a day, no tillage fertilizing fertilizer artificial cost 800 yuan + hm™2; film 13 yuan - kg™", 75 kg + hm™2 the film, 975
yuan - hm™; no tillage weeding spraying cost of third years increased by 500 yuan « hm™2( film damage than many weeds). Yield price: 2014 comn price

2.2 yuan - kg™'; 2015 corn price 2.2 yuan - kg™'; 2016 corn price 1.7 yuan - kg™'.
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Fig.4  Output /input under different tillage treatments in 2014—2016

3 97 8

3.1 ARE#HEA X 7L E B 220

FEVE T Z IS J0 4, 58 1% [ 2540 25 4
FIRE , ASFIREE T 09 38 254 iy 32 5% i AN AR [R]
W R, 5 BIFAE L, S F i 208N T 82 5~ 20
em ARAFLBR, T REAR T 3 B AL ED X 2
G HE 2 WU SR 3 B SR TS Ve A, i+
e d AR K AL R B/ NAR AT AR, PR T T
it 7 AR, B RS MR B AL T 0~
40 cm iEi%?L@E[Q]o

ARHFFEFRI,0~60 cm + )2, K 42 A3 fin 4 15
LB RE RN e 5 3, DL 20~ 40 em 219 T4
FUBR B e 1%, KM A0 VR FHZERHE 2B ) T
R AR BRI X SRR A A 5T 45 0 — 2, i
T ERIRFIE A FE R ZR P A GRS R E B
- EFLBRE B3, HBE 1 )2 (38 IS Wi REAIG, S5
AR —, LHEFLBRE DL ST/PT/ST AxUx} 1 1
MERUR B, OO ST/NT/ST, A HHE + )25
JEREIEH 30 em, 7] IFTHERLR 2, BAF WAL T 2 1
+ )2 A LR HEZ S5, RS B AR T G
TR IS 5 E BRI R el A
RPN RESE B2 A R AR S B SR e
3.2 AEBEARX LEFR SRR

0~40 em )2 AFEHHE T 0 H A LT 3L
AR A T il s 1) RS R S W ]
B Hodr Gk AL S R e e sh i b hl
WA S ICRLE B AE LR ZE 15 L R4y R)Z
B, AR, PSRN T RS
SRR E, 5EES 2R EERE

SEUARRL, 1 R S TR e B A R T AR
BB, B AR 0 T R SE LA ST/PT/ST A}
KPR B R, BT
AHUT S AL, AT RE R TS = AR R i, +
e A A RN TR LT
3.3 ARBHEAXMF=EM T

98 2 B W e Bk 5 R R AT BB A e =
3R, B K e B e R R =
BTN N2/ B ORESAE T R B L S B AL 2 A 4R
1o RORZE R ARG I RS T AE G2 4K JE K
F B 4R v I G BEXS UK A W, A R T R
DKRAFRLFESR B4 = U Ao Bl - e FL e 2 5 14
BRI, 8e T EHENE KRR S %
BRGE TEDRR R LT, HEm miEY
FERLAL BT A HE br e i o AR MR BF ST e BE A %
HASZ I R B, b IR RS e HERE AR I E K
TRAERe ) B S A S b EoR T R 7.6%
7.39%"" BT T 6 RS HEE R i R B Bk
URAATEA R T I E KR FE G ™=, @ 3 4F
SEMHRIGUE I LA ST/NT/ST 8 #F T i £ K 77 1
B =R & NT/NT/ST 5 ST/PT/ST,,
3.4 ARHHEAX THEFHE

Al A 7= % Y R B R A
W R FE A7 555 3 AR B4 BT 4K
e e AR R B A, L AR AR Y
EE Tt =Y YRl W N A 3 (AR o Y G N NI 0
KPR BHHE AR, A A AEY = i
MATFRLE I AR, i PEh— R e B =X a9 it
& ENZF AR — A ARG
LRV KA M A E R E I 6 4 7 iR



555 1 T

A RS E T kR AR ORGP R SOSOCR TS 67

B AR DL VRAS/ BIRE T e AR T AR YRR A
T s . ZEURP I 5 AEXT 6 P AR TS
R, Ui R R A e A X s
(7 600.57C + hm™) , U EWRA—#HE, H 5 Fide
BB R R kR P 2 e 2 3 T B — B
B, SAR K 4516 — 8, ARK 3 4EX) 8
FEEVETT BT 5T W, DL ST/NT/ST B0 1 48 5%
RGBT M 2 5% 8025 I M1, S Bk =X iy =
BTt 5 BB 6, el S A R B TR T
FHERURZE BN AL BR 0 T A i B
T HIEE KA RE ) R T R R R,
HHTFAED R EK SR mEeE

4zt B

ARG 45 G AR KRR S B 38 2 AN [R] i 1
B T S S A B E AR R ol IR Ah 2
EY = BB IE S S EAR R, AR IS,
WIT.

1) 25t 3 FEEN IR ,0~60 cm 12, 5 HHE i
e W E BN - LR B2, LA ST/PT/ST 48 #F#E 3X d
e, Hok ol ST/NT/ST 55 ST/NT/ST, LA NT +3E1LER
ERK,

2)0~20 ecm 12, B SERE TR, 2R 2
Wi o, UL ST/NT/ST 2R B & &k 5,20~ 40
em 12 BHE 0 L3RR ST R LB E Y
M, BB 1 T SRR 0 R R, DL ST/PT/ST 34K
RO BRSPS A,

3) ZAEAE MBHER R, E R0 F 17 5 D
ST/NT/ST #x , Hi¥k A NT/NT/ST 5 ST/PT/ST, #%
HESE B — B BEE I T ok i, LA PT BEE R Y
FEa A,

4) BB B LA T NT 5 PT Z [0, 480%
845 LA ST/NT/ST fz i, Rk A NT/NT/ST 5 NT,
PT HHE T 40 3k 25 5K

R, 38 = AR B E R R, L ST/NT/ST
FOVEA T 48 AL B R B R RO AT i
AAE LT L R DT R

2 % x #:
(1] EF, SRR, BRiE, 5. MBS0 1 5 4 IX b PR A
YRV =B BT R [J]. B R AR R, 2011, (12)

(2]

3]

(4]

(5]

(6]

(8]

0]

[10]

(1]

2]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

34-37.
ZEA. HONA SR RO Y 2 K L[ T H R Al B
2010, (6) ; 36-38.
FAE R, BRI, R, AR o AL P R
TR ()], T X RALFST, 2011, 29(2) : 136-141.
HER, WAL, B9, 5. DR AR SO A ST S
[T]. BHESHSE, 2006, (5) : 10-12.
ZEOE, B, SR TE, . AL SR X RIS HEBOR B Tt
J&[T ] PEdegolk 24, 2015, 24(3) : 1-7.
TR, B B AREEHHE A R R
Py E R Y R w7 ). b I RO BE 4, 2013, 46 (18):
3800-3808.
WRepsc, kBT, BB, 45 AFE 7 00 R L8R AL S
HUKAFRAE R M [) ], TR IX R 5358, 2012, 26(6) .
114-120.
feWtis, T4k, w07, . E BB /N H KAy
FEEREMAL) 1. R A A4, 2011, 22(10) ; 2524-2532.
WRT T, 22, B8k, 5. RIEFe AT A R IR R 1E
H L e AR St e [ )] P AR ARl 24T, 2015,
23(9): 1102-1111.

2, Ew, A E. BIE LR EOKEE RS LK
SYRERI S RS [T ] A&k TR 244, 2015, 31(16):
110-118.

FUAS - Sy B 0 5 2 D4 2, S, S BP0 A 0
[M]. HEPC BbAROR SR RAL T R 4L, 1979 40-68.

rh Rl B RS B IR AT, R M. . i
Rl BOR A, 1983 62-126.

EXE®, ZE, MAE RIHARME LA WEER/MAEH L
B AR RE R R (1], Ak TRE 24, 2015, 31(1):
107-116.

BN, 2R, WG DY, S5, AR T R S IX L AL Motk A
U /NE PRI, A, 2012, 49(3) ¢ 592-600.
WUNE, A=, SKULER. FraPHER RIS M]. Mal: &R
MR LA, 1991 1-16.

Hou X Q, Li R, Jia Z K, et al. Effects of rotational tillage prac-
tices on soil properties, winter wheat yields and water-use
efficiency in semi-arid areas of north-west China[ J]. Field Crops
Research, 2012, 129. 7-13.
UL, BRES, skifedk, 45 Sedixs LIy BidRAn & & 7
HAPEI[)]. AL T R4, 2010, 26(8) : 150-155.
SERMY, FRAM, A, S RRBERT N - E R BIRR HAE
B R AEY et S A B [ )], YEY IR, 2015, 41
(3) . 468-478.
X, B, ENY, & DREH- Rl T gk
SRR ZEREEL)]. L3, 1998, (1) :43-46.
B, %, R, S OHACRIR K WO AR s
BORS B ICE N [ )] Aol TR 24, 2016, 32(5):
104-111.



