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Effects of tillage methods on soil physical and chemical properties
and yield of summer soybean

SU Li-li', LI Ya-jie', XU Wen-xiu', TANG Jiang-hua', CHEN Chuan-xin', HAO Wei-wei', WANG-Na®
(1. Xinjiang Agricultural University , Agriculture College, Urumgi, Xinjiang 830052, China;
2. The Extension Center of Agricultural Technology in Yining County, Yining, Xinjiang 835100, China)

Abstract: In order to explore the effects of tillage methods on soil physical and chemical properties and yield of
summer soybean, and to present an optimum cropping pattern which was suited to the soybean field in Yili River Valley
under drip irrigation, a soybean field experiment in which there were four different tillage methods, i.e., tillage (T),
rotary tillage (RT), mno-till (NT), and tillage and plough (TP), have been carried out after the harvest of winter wheat
from 2012 to 2014. The results showed that there had differences in soil bulk density, soil porosity, soil moisture, soil
nutrient content and yield of soybean among four treatments. Average soil bulk density in O ~ 60 cm was the largest in
NT, upto 1.4 g* em™>, which was 2.2%, 4.5%, 5.3% higher than RT, T, TP treatment, respectively. The soil to-
tal porosity in O ~ 30 cm was highest in TP treatment and it was 1.4% , 3.8% and 5.7% higher than that of T, NT and
RT, respectively. The total soil porosity below 30 ¢cm was not significantly different. The soil water content at all mea-
surement time showed a trend of TP > T > RT > NT. Soil organic carbon(SOC), total N, total P content in 0 ~ 20 cm soil
layer were the highest in NT treatment, while for 20 ~ 40 cm soil layer they were highest in TP, followed by T treatment.
TP and T treatments significantly increased soil available N and available P content in 0 ~ 40 cm soil layer. The yield,
1 369.5 kghm ™2, was the highest in TP treatment for three years, which was 15.2% , 30.8% and 31.9% higher than
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that of T, RT and NT treatment. Therefore, it could be concluded that no tillage increased soil nutrient content, but film

mulching after tillage could significantly improve soil physical environment, and be helpful to raise soybean yield.

Keywords: summer soybean; tillage methods; soil bulk density; soil porosity; soil moisture; soil nutrient; yield
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1.1 iR XHEER

S TE B SR B AL B v VRN BT RO B
7RV (81933 K, 43°56' N) #E 4T, i% X 4F -3 H B W]
K52 800 ~ 3 000 h, - 8.9°C, F B R &
257 mm, AETCFEW] 169 ~ 175 d, B 288
ML ,0~40 cm AL E 54 15.83 g-kg ™', Bk
il R R | AR e 0 ) R 151.29.9. 07,
71.09 mg-kg™', T3 pH{E N 8.4,

1.2 RIwigit

F 2012 4E 7 A & 2014 4F 10 HiE%E 3 a P73
JE B /KRG HBERE , B4 T4/ NEWGER T
[} B35 i, 158 BB 7 B (tillage plough, TP) | Bl #
(tillage, T) ik ( rotary tillage, RT) .8k (no — tll,
NT)4 A+ IEHHEAL L, A A0 S AR R 100 m?
(4 mx 25 m) , BRI 53 A [A) S5 T AR =S/ X
K3 WEL ARSI EE 1,

PR K G SRR o B 43, $&F 50N 30 em
SEATRE N TS 3% % 8 52.5 bk -hm™ ' bk pg
AR/ N BRREE R R 25 emo BHAR CEIE) KiE
HFAL H 25 4 5 i R 2 225 kg hm ™2, BEER %
150 kg hm ™2, S W78 5 Sk 7K 117 0 it 45 4t 1) HE Ak o
B AL B AE T AE A 25 A K BE /KT 1B TR 150 kg
hm A, B R T AL E LK 6 ~ 8 K, 2t
4500 m*-hm =2, He H ()5 BRA it [ 24 M .

x 1 AEAERER

Table 1 Experimental treatment
RIS Code AbFE Treatment FeAE 77 Operation
@Hﬁ]‘%}]ﬁ glj\i q&fkﬁ 5 ?ﬁéﬂ?ﬁ?& 30 ¢m, E?é%%ﬁﬂﬂ%ﬂﬂ 5 ?gﬂﬁ 5 H%j’jd: 70 emo
TP ) Plough over deep 30 cm, soil preparation by combined soil preparation machine, film width 70 cm, after
Tillage plough -
the harvest of winter wheat.
B ZNEWORSG  BLRHITR 30 em, HEG R 3
T . Plough over deep 30 ¢m, soil preparation by combined soil preparation machine, after the harvest of win-
Tillage
ter wheat.
RT JieBk LN  BERIUBERE , TR 15 emo
Rotary tillage Rorary cultivator rotary tillage, the depth of 15 em, after the harvest of winter wheat.
NT Gk ENEWRIG , LAY, IR 25 em,

No-tillage

The soil is not disturbed, stubble height 25 ¢m, after the harvest of winter wheat.
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T 2014 52 7 R WO AT R HERME. ©
SEREE /3 0~ 20.20 ~ 40,40 ~ 60 em 3L 3 2K, &
INK 3AER, [ —RER 3 ANEEFERIRA 1
ANFEAL A 208 % 3 AR KT, BB A Bk B AE )R
Z FRAEZRY) 3 0.25 mm A 1 mm 55, T LA
MLk R ek e R R I E .
1.4 MEmBMBRFE
1.4.1 XEEF JUmEen T HHEFERHAN
JI9, T 2014 4F 10 3R WGk s FERECA 100
em® FUFR T, 43 0 ~ 10,10 ~ 20,20 ~ 30,30 ~ 40,40 ~
60 cm 5 P TIEJRYCREFUR T 4F, A/ N HA 3
U, 5% B 0] S0 =, PR B (105°C, 24 h),
ERIEAE, RN 2.65 grem™?

i%gi(g'ch) = Mt A /R TR

FIEBILBRE (%) = (1 - BIER T/ HHFEE)
x 100
1.4.2 E3bRkFaimE T 2014 4EEFERGAE
KRR T HIE S oK s, ARG, F
BI85 12 d B/ NN ZUCR FH S BORE ki 4% =
AR B S LB Z B TREE ST B 0 ~
10,10 ~ 20,20 ~ 40,40 ~ 60,60 ~ 80,80 ~ 100 cm, &}
— AL REI BRSBTS PRI S
A 105 CHEFRHE T FRECT 2, 115 L 85 K &
1.4.3 HEAMAE AR AH D AR EK
Al 2 A AR S B B E SR T AR IR -
WA RSN AT T3/ & a0 ok 4%
R HG 3 ; T3 Wi 0 o Sk AR BT B R
- A B I A SR T I D B 1 5 BRI A R
FRVRRC BRI 5 S AS0mstE v 00 > FH Bk PR S AN TR 4 -
HEhbT Lk,
1.4.4 FEalg 12 RGMBIHITTE /N L
W SEURHTTERR /N X 3k B AR PEAR PR 10 Bk AT
R, P A B AR PR ORI PR A
AR
1.5 HESITHSHT

K DPS 7.05 ., Excel 2010 F1 SigmaPlot 12.5 %X
PR S AT S 150 A, SR TSR R 7 2200 0
XPAS[FIAL PR A AR fE R4 T LSD S P25 = A

2 ZER55r

2.1 AE#HEARTLTERE  RABRENZIE
I S BRI AR A, R

fEEHEF R EE SR mIE AR, SRR it

0~60 cm T )20 HIEATIALI N NT>RT>T

> TP, H 0~ 30 em + 2440 P[] 22 545K, 30 em LU
TS A BR ] 25 MDD 0 ~ 30 em [SE 42 LU
NT AP K,k 1.4 g+ em™3, F RT T TP 4540 £
IrEH 2.2% \4.5% .5.3% . X R BESE R O BEE
AbFET 34 F TR BEE 30 em AN, IF HLA IR
SN RGO T E SR e b R
B AT M 30 em DL 440 B 4 R A7
FIMLE RSN, B A4S A0 R A 1758 1 22 S g/ o

LI - A P R R T AR 4y
X HHOKSALT R R FFH I Y g
SO 1Al 2 AT A A B LR E S +
ey d R B AR R R AR AL, BIBE )2 TR
IR S I HAS AR BRI 3EAR RN
TP>T>RT>NT, 0~30 cm /20 5 HFLBRE Y
LA TP Ab3 A e, HoF 3 3 5 bE TONTLRT 5 i
1.4% 3.8% .5.7% . 30 cm DL N &40 BR i + 398 8 FL
B B R, B2 AR E . i, i A&
A TR BRI L R R B R A gL
SIVEIAR 2B B A TR IS 1) - 3R 85, T A A 1
TSR R KR AR St 1 1
BV it 1 SR Ak B A - AL B — e/, U
RRZE,

LR F/ (g em”)

Soil bulk density
1.25 1.35 1.45 1.55

il depth/cm
=

S 30

——TP —a-T —%—RT  —&—NT

B 1 AEHEA A T ERENZ N
Fig.1 Effect of tillage method on soil bulk density

3% B AL B/ %
Total soil porosity

42

0~10 10~20 20~30 30~40 40~60
A+ 2R B Soil depth/cm

—-—-TP —o-T —¥RT -=2NT

2 ARMEAXN LIRS IR ERIRD
Fig.2 Effect of tillage method on total soil porosity
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2.2 FEHEFRXITIESKEHEE

AN TRV R it X 3P Sl A 8 R ], 328 7 52
IR EKERAE 1. 0~ 100 em 2 19 H 35 K
R (E 3), AP T I A5 K3
AYIFEI N TP > T> RT > NT, 1t W 764 [ i 8 42 4%
PR, BB BRI AL T R 3 R B, RERS AL £
B R LI B 5 Tk A%, i N
R K A T HE R R G AR Ak L f - 9 7
I FLBRIEN , AR B R S A KRR,
P25 73 M AT 1, 75 S A0 5 1 0, TP A B ) SF- 1y
FHEE KB 20.2% , 4300 LU ERE | ok Ak B
6.32%M 9.19% , b TALFREY R 4.0% . il TP
Ao PR 5 T, 9 — 2B B K P TO R
KR TS K, Hb RN 398K 5r 76 k2 B
JEE BRI F R T, R A ek A T KA s gl
143 E HE ] o 3t 0E — 25 5 - B S BRI L R
FRIE T e R 30 B KRR g %

24

o IS4
=1 [\S}

(e

Soil water content

TG KE/ %

[=2)

14
08-10 08-20 08-29 09-17 09-27
I % H 1 Measurement date(m-d)
TP —-T —¥RT -4 NT

3 AREHEAXNT LESKENFID

Fig.3  Effect of tillage method on soil water content
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A MU RS S AR — B R . 3R 2
AILLVAEH, 3 0 ~ 60 em /2 SOC & H 40 +
IR TREAS , H BAE R — 2 A B RAE A 25 5
R S it A SR (1) b BES Sk L B A
PR £ 0~20 em )2, S0C F it KM A NT 4k
PRI T RT AOBERHAL 22, 4301 Eb RT TP, T 4b 2§
5.7%.7.9% .8.8% ,T 1 TP AL ¥ 25 5 A L 2%
20 ~ 40 cm )RR EHHERE I Z [ 19 SOC & R M
J3:TP> T > RT > NT, &40 #i (] 22 5 K &35, (HAH X
0~20 em 1J2, B AL SOC ¥ E I M hd /b, NT
ART 2k B 5350 % B T [ T 36. 8% F1 30.24% , 1M
TP TACH T 22.4% f1 25.0% , 3X Al REJ& N
TRk L PR i 2 1 FFRIAZ )2, N %+

WA BB S B A, AL 40 ~ 60 em 122 SOC
EEAX E— )2 BN R, R TP A PR R
W3 3K AT BEAE R O TE S 46 S5 A T AT BT A+ 3
TR, RIEE KRG, IR )Z R 3
BLUBT Ik 23 , AT 32 4 )2 itk &5 il 2 >

0~60 cm +)/24 N & P & 56K E &AL
b—3, YIBEE T2 B A, BLAE R — 2 k4%
IEHREAFAE 2. 0~20 em +)2 T3 N P &It
AYFH N NT > RT > TP > T, NT ZEFHAY 4 N &5 &
KE]3.7 grkeg™ R PEEAE 1.9 grkg™!, 00 HE
RT.TP. T Ab P& 6.1% .7.3% .9.3% F1 2.2% .
5.1%.5.7%,20 ~40 em + )2+ 34 N P S RN
TP > NT > RT > T, Ab B [H] 22 5 AN B 3, {H# 0 ~ 20
em 1238975 Fr T R, NT Ab P B e 5 K T 8k 6 4b
B, X RESE R A EAR A BE AR 2 I AT RIAGZ
2, N2 4 J2 A B 0T 3G, 9 L b s
7 o Je (b KR | SRR T
HH S i A, A R T e & A ea ALY LR S )
Mo 40~60 em 12, NP i F— T2 HE I
TR EUR AR R 25 5 OR B . UL E RS i £
B REAE 40 em £J2DL B RIS K FHEO
~ 60 em T JZALF A 22 R R 3 . BEBIHRE D7 X
PO ut: S0 G- AW NTE N

BN L P A RO R )2 AR
LB B, 0~ 20 em 2 AL N #ERL P
SRR N TP > T> RT > NT, TP AbFEAH S N &
Wik # 127.0 mg- kg !, WAL P FEKAE 4.5
mg kg™ !, HIH T .RT NT 4 HiE Y 6.4% . 14.8% .
25.1%H13.9% .19.9% .39.5% , . Jie#t 5 TP kb3
)25 8%, 20 ~40 cm +)2 HHEHERL NP &5
ARHFEI K TP > T > RT > NT, % JiE#t 5 BHHHES it
ZREE HE 0~20 em T Z & FYH B H,
Vi B BHA A R AT DA 2B 0 0 ~ 40 em 2 ERL N
P, A ERE A AR A BEAIK . 40 ~ 60 em t-
JERRAL NP E i AL B 22 AN B, UL BRE RS
Xt - e AL SR 40 5 M e BAE 40 em +)2 DL B X
RIZ 852 AN
2.4 AEAMEARMNEXREFERFTEHXEER

=ap=Al

M2 3 ATLAE I, BHER il B 2 K
PP, 2L 3 a BRI g R R, AR B S
PARRIER  BARRRIEL  EORL AN P R R BN TP > T
>RT > NT, HH, BHAFALBE = 4F - (S pR € L
EHE AL 312 5.0 N1 6.9 A, BARRRIES)
SR 103 RLAN 15,2 R, EORLE 9 3. 7% Ml
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9.0%, =50 E . SRR
LA k) 2 536.3 kg hm~2(2012 4F) .2 699.3 kg-
hm~2(2013 4E)F1 1 279.1 kg-hm~2(2014 4 ) , 735 Lt
[J4F B RTNT 4540 ¥ i 5.8% Al 19. 0% (2012
4£).7.0% F 12.0% (2013 4E) Fl 22.2% 1 23.2%
(2014 4F) , Hirf 2013.,2014 4F TP A3 & B i, 20
HIEE T.RTNT &b P& 7. 4% ,10.9% . 16. 1%
(2013 4E)F1 15.2% .30.8% .31.9% (2014 4F ), 2014

AR S TR TR BRI JBE 1R s/ X R O A R
REFCR] , 18 TR IR U, R AR BRIE W
SRR BOR MR 0™ o il LU Y, B ™
A A% AT O R B A B g, MBI P 5 e
FHE A= o die i o UEIA LRI i T A 20
GRS DNG ¢ )RS E N 155 e a7/ [ L S TR Dk 2
o, TR i 7= i, U H I BB AL BT A 25
[EEEDNCOLEY S Gy S e CNTE PN N 8

®2 FREMEAXMLEFSSENZM

Table 2 Effect of tillage method on soil nutrient content

fb ifgf%ﬁ ﬁﬂﬁ?}% %/fz—k K0 A ‘ ‘ﬁi‘i‘fh ' T
e Soil depth  Organic cabon  Total nitrogen  Total phosphorus  Total potassium  Available nitrogen  Available phosphorus
/cm /(g kg™") /(g kg™") /(g kg™") /(g kg™) /(mg-kg™") /(mg-kg™")

0~20 12.24¢ 3.41ab 1.75b 6.03a 127.03a 4.52a

TP 20 ~ 40 9.50a 3.32a 1.69a 5.79a 91.54a 3.29a
40 ~ 60 3.31c 3.03a 1.42a 5.37ab 35.54a 1.15¢

0~20 12.14¢ 3.35b 1.76b 5.93a 119.45ah 4.35a

T 20 ~ 40 9.11ab 3.26ab 1.65ab 5.50a 75.82b 3.52a
40 ~ 60 4.73b 3.02a 1.39ab 5.45a 32.91ab 1.24bc

0~20 12.50b 3.45a 1.81ab 5.97a 110.68bc 3.77b

RT 20 ~ 40 8.72ab 3.25ab 1.63ab 5.71a 69.38¢c 2.48b
40 ~ 60 4.52b 2.89ab 1.46a 5.48a 32.83ab 1.48a

0~20 13.21a 3.66a 1.85a 6.00a 101.55¢ 3.24c

NT 20 ~ 40 8.35b 3.23ab 1.68a 5.82a 68.22¢ 1.70¢
40 ~ 60 5.2la 2.93a 1.48a 5.4la 32.78ab 1.33ab

A E/NE FREFRR A AL 0.05 K ERA BEM 2R, FIF,

Note: Different small letters indicate significant difference at the 0.05 level. The same as below.

R3 AAMEARMNEXEFEREBXEZRHNZM

Table 3 Effects of tillage methods on yield and its components of summer soybean

A0y Jb3 ke BRI KL FORLTE /g P/ (kgehm=2)
Year Treatment Pods per plant Seeds per plant 100-seed weight Yield

T 22.03a 52.00a 15.79a 2536.34a

RT 18.43b 45.10b 15.49a 2398. 14b
2012 NT 17.13¢ 41.57¢ 14..24h 2124 .28¢

TP 32.41a 76.69a 16.99a 2795 .91a

T 25.32b 60.17b 16.54ab 2602.58b

RT 22.37¢c 55.64c 16.09bc 2522.27b
20 NT 21.3lc 52.14d 15.45h 2409.24c

TP 31.67a 68.17a 12.64a 1369.47a

T 27.16b 61.00b 12.07ab 1188.70b
2014 RT 24.67c 53.50¢ 11.26bc 1046.80c

NT 21.33d 45.67d 11.06¢ 1038.21¢

3 3 B a2 - RUM SRR, T IR 4% B8 BVl 3 4%

ANFE IRV ERE I 2 %) L 3 A | L B
EK R YIRS A R R R 2, 2L E A

AP EERUACAL L A TS 3 1) [ 52 5 B
FEIEIN, PO A ), HIESLIUE A K
BN (HBABETEA, b A T R A A
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BRI I R R B AT, TaPhEd e
J7 AR FE PGS 1 T Y IR S 2 A K 52
WIS 22 W1, 0 ~ 20 em + )2 25 5 ¥ 4 S BF b 71 5
K IFH 5 B L R s, ik 2 7 e R
1 5 B BRER AR # +  JFAE AT 0 AR PE VR IR I8 BF
FEINN,3 a HEEL BRI RSN A 48382 A U5
YRV INSR , (i 135 3k, b 350 HIERB B
PEREA WM CEIE A . AWFE R, & BHER IE
B IR TR RN B > TEdE > Bk >
BB . 0~ 30 om )2 bk Ak B 25 5 LL e A . B
BB E R S 2.19% .4.48% .5.26% , 30
em LAF 2 BEVE AL PR A 22 S0, B g )
L IR AR S S I 7 R DU ) 1] 58 1t 36 22 5 A MK RS
INFZ AR GE 2R, bk 7 5 Ak HEL ) - 8 5 KR W
fe T EIBEALEE , DRI PR RE A% 235 2% 0 ~ 200 cm
2K R R E K, WA, 0 ~ 100
em RSB PRS- AAE B I S K R E
BN > B > BERE > Sk, BHARAE I8 A0 B 19 72
TS KRR 20.23% , B0 Gk B S S 4
H7.78% , L BARFAL B S 4.03% 0 XN, A8t
B 7E T S P M DX A0 T VR S5 T R AT, BRR B
R A SO TR A2 I 2 R AT
B - A A M, DT R IR KRR T, i
HEE AR B, FLB BN AN AT 3K 531
TREFRIEE R . BEAh, A FH R A7 3 7 35 0 HLR P A
NIEHES , BT R A BELAS , E— 2 B Lk T 3K Ay
HIZE K, H i 3 kL TR R BfE T M 1 K
AT BT EC, AT B T 3K A A HRICR

HEE 7 20 - e 25 4, DI 52 ) 4 49855 05 7%
o KRR, AP IEREE 2 30 0 ~ 20 em
TEEA B AR Ei g
INH R R ERESE 22 0~ 10 em 1A
BILTE B R RIS 5 o, (EUAS [RIBRVE 1 e o 1 458
T R . AIEE5 R 20,0 ~ 20
em 12 AV 4 N PSRRI RHF > e
HE > BIHFE I > BI#F,20 ~ 40 em T2 HHLEK 4 N,
PEHERE T, LIS K SHER LS L ZEKN
TRk D R 34 HAE 0 ~ 60 em )2 45 4k HH 7]
ZEIA 2, GRS SRR SR AR
XK AE AT R A R B S e it 58 45 4R — 3
AT RESE R A e BERF RS R S T R IR E M
L2 AP . 42 NP EEHET . 0~40
em + 2R NP 5 R R BN B I > BHAE >
FERE > Bt 1 e TERFHHHRR A FEAIR . X 5 E
BT K R M AT O DF 4 RAFAE 2 S, X ]
REE O ASIR IS A HE A5 1 T e e HE L Bt A

DUER AR, 5 77 A O £ B o A LA I
WU Z (A i R, T AR Tk AU o, o i
AR, W% S Bk IR] 2 K, V4 % 1
sk B R, 107 EL G Bk 7E RE R AR ML , %
HERS I AL FUREC , AT 5 M 1 280k, S B0k
75 NN

7 R R T SR I B R B R —
A WFSELE R, A1 77 R AE /D B A0 S B 2 (4 1
AL BT i T BRI Y T MURE/E ) o 5T A
SR PP B A 2 A R R ) B0 gy
B AL GV R DB T SE SR I F 5, SE K AR
W1, AR TEA 7= BT AR B ] JE AR, AT
R T TR, AR ELE 3 a B L5 %
W, S RIS i 1) Bk S50 Bl B . T kL 2
7 A TR B b B 7 e A, T S
PR X AT RE R AR X S
W 1, S AR AR S, R T AR 2
A BRI IR AL K 2 7, BT {68 K 7 5 T BB
A FRAG R A VE 2 0 - 3 S8 1 B e 13
EOKAEST AR

4 %5 B

WX 4 BN R EBHE T S E MR KAk
FH - 39 BRA P BR B 7 o 8 5% e 1F 52 6 B < e Bk O
~30 em +)2 HIELLBR BN, A ES I, £ EF
I B B KB T ,0~ 20 em 2B IR LA .
WA RN FHAE . BHBE T AL B A 20 ~ 40 om
TZAPR A T RIS ,0 ~ 40 em 2 #
SRR R B R . AR AL BRI B T
0~100 em + )2 HIEEKRES , KE = m i, 4
S EE B0 Ak L E #E A G Bk AL B 15.2% . 30. 8% FlI
31.9% . UtBATEIC SR SR N TE R 2514 T, B0 A R B
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