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Effects of conservation tillage on soil physical properties and
corn yield in sandy soil

ZHANG Hua-ying', LIU Jing-hui', ZHAO Bao-ping', WANG Li-wen®, HAO Hong*, LI Min'
(1. Agricultural College , Inner Mongolia Agricultural University , Hohhot , Inner Mongolia 010018, China;
2. Agricultural Technology Promotion Center, Tongliao Kezuohougi, Inner Mongolia 028100, China)

Abstract: There was high frequency of serious windy soil erosion in the aeolian sandy soil area of Horqin. The soil
water loss and the soil aggregate content went decreased severely. The objective of this field experiment was to compare
the effects of four conservation tillage measurements (subsoiling, stubble, straw — mulching, and no-till) with the con-
ventional tillage (CK) on soil physical properties and corn yield in the aeolian sandy soil region of southeast Horqin from
2013 to 2014. A completely randomized design was used to study the field location. The results showed that compared
with the conventional tillage, among the four conservation tillage measurements, the subsoiling and stubble treatments re-
duced the soil bulk density significantly in the 0 ~ 40 c¢m layer in two years by 0.72% ~7.12% . The highest proportion
of >0.25 mm soil aggregate content in different soil layers was subsoiling. The soil aggregate content ( >0.25 mm) in
0 ~ 40 cm layer became increased by 4.11% in 2014 from 2013. Straw-mulching had a greater impact on the soil aggre-
gate content ( >0.25 mm) in 0 ~ 10 cm layer, increased by 5.54 more in 2014 than 2013. Soil water storage in the 0 ~
100 cm layer was increased by 12.22% ~ 26.91% under the four conservation tillage in the order of stubble > straw-
mulching > subsoiling > no-till. Corn yield and water use efficiency of different conservation tillage were higher than con-
ventional tillage (CK) . Subsoiling was the best treatment of all. The corn yield was increased by 14.57% , the water use
efficiency became increased by 25.81% compared to the conventional tillage treatment. The two-year data indicated that
subsoiling, stubble, straw-mulching could improve the aeolian sandy topsoil structure, water retention and crop yield.

Keywords: conservation tillage; soil physical property; cron yield; Horqgin sandy land
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JESEAL IS RS FEAR SCHF o
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1.1 Rt

I T 2013 4F 5 H—2014 4F 10 AEN S5
AL TR R0 A2 38 0 T IR SR T RN AT o 1l
A T I T AR B, AR AR 4 1210307 ~ 123°427,
b4 42°40" ~ 43°42' Z [A), AR T AL R
A DK ] S IR T R AU X S Rl . AR
F7K 3 259.5 ~ 483 mm, B4 fe K 7K i3k 597.4
mm, SE K FEAERTE 6—8 4y, 4 i AR K &
1) 70% LA | 2013 4FAE & W A BE 7K B2 589. 1 mm,
2014 4 F WINFEK R 306.3 mm, HIEEIEEE,
H BEE%L 2 800 h DAL, AF P34 6. 1°C. 1B
HAEY R K. R 32 BTk W3R 1.

x1 Ml TEHEEA R

Table 1 Soil properties of the experimental sites

P Wk <0.001mm AL B A A
AN Clay content Organic matter Alkali-hydrolysis N Available P,0s Available K,0
Soil type X 1 1 _1 _
/% /(g kg™") /(mg-kg™ ') /(mg kg™ ") /(mg-kg™")
Rt Aeolian sandy soil 2.48 10.15 54.34 10.32 101.21

1.2 K@it

BERAEY R Tk, SRl NK718. 556 R B b
PUX BT, BEBRAS B 2E bl R AT 3 55 FIAL ot
1B 5 Aabs, BARBHE X s, AN R 75
m?(5 mx 15 m),3 WEE . 50 FHFAE N 2 4 5
(N:P,05:K,0=12:20:13)525 kg hm™~2; 7£ T K K mi
WU 3E i JR 2% 450 kg+ hm ™2, 4% 4b B 25 B 24
72 000 A% - hm ™2, 24 F A N O IE , L A HK
b ) BT
1.3 MEIERRFZE

T E R A E . R TTHCE K
T T3, BURER E S 100 em, Hid 0~ 20 em 4 10
em A 1)2,20~100 em & 20 em N 1 2,

T S KR R AT . R
B AWK I 9 A, R AR S B, BURE TR B2l 100
em, 0 ~20 em & 10 em N 1 /2,20 ~ 100 em £

20 em iy 120 ME J5 ik FTHETPRE 1, B E A I
34

HIEFA AR B 53T (1) BURE 73 F 2013
4.9 H 25 H B KIGERIG & 2014 459 H 30 H E2Kik
RJG ,7E 0~ 10,10 ~ 20 em 120 ~ 40 em 43 3 P+ )2
SRAEFUR - RE BEARER/NX 3 AR, [F—IRE
IANEBEFEMIRA B 1 FEA, SR SR S” A4y
Ao TIERENLRAR G TR B B AR N is [l S 56 =, LA
Bl A SRR . W IR - 5 T B R T S B 2
FEFF BN B2 e o (2) W I3k - X
JE W EUIR HAEFR 200 ¢ )5, ARG ALK I 231
I EEAAEN 5 mm B, TR ER BRI
SR 2.1.0.5 mm & 0.25 mm, %5 )2 S & B
IV, e T2 5 i 5 , T 32 AL 2343, il DA
1 400 remin~ '"FISRIET 1 min J5E=I1E, MW E3F
(U F AR R I | PR L o o
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Table 2 The design of the experiment treatments

b3 (N
Treatment Farming methods
GBIk (CK) FORWCRIS B #E 10 ~ 15 em, HORFEFFAMRUCR , #EHTUEA T 5 MFEE  FERHAEE 15 emo
Conventional tillage Stubble for 10 ~ 15 cm at harvest, the rest straw take away, then ploughed for 15 cm depth before sowing.
TR F AWK B HE 10 ~ 15 em, HARFEFTAABW0HE, 357 R THRIUR, - 35 em,
Subsoiling Stubble for 10 ~ 15 cm at harvest, the rest straw take away, then subsoiling for 35 ¢m depth before sowing.
A FORMCRIT EEE 10 ~ 15 em , KERIARFEFFR B 5 3038, YR HERH KRR AP B 22 5 7 500 kgehm ™2,
L.
Strauw mulching Stubble for 10 ~ 15 cm at harvest, then mulch the kibbling straw 7 500 kg*hm~2 on the surface, ploughing for stubble cleaning
i and sowing.
g FORUTIR I B ZE 5 L 30 em, HARFEFF 2TRUCR , B e KIERRFD

Stubble

Gt
No-tillage

Stubble for 30 cm at harvest, the rest straw take away first , ploughing for stubble cleaning and sowing.

FORWRIT BAFE 10 ~ 15 om, HARFEFTAHBOR, RAERBHE, B0 SRR L — W52 i A ARG
Stubble for 10 ~ 15 em at harvest, the rest straw take away. No — tillage throughout the experiment. Sowing seeds and fertiliza-
tion were performed with the no-tillage seeding-machine at the same time.

YEY ™ it EORBUG , 2 A PRI 2 m® HEAT 3
W A IORE 3 W, R XU i JBERE AR -4 5 3
PR AN 14 % K F o

KPR A = Y/ET, 5 A K4 rs R
(kg*mm~"-hm=2), Y HVEY TR & (kg hm™?),
ET hy HAFEKE (mm) o

KA R R WUE = B/ET, X WUE 37K
SRS (kg-mm ™ - hm™2)), B NYEW AW = 5
(kg*hm™?), ET 2y H [EJFE7K 5 (mm)

SR 5 - 3 KR T S AE YRR K R
WL R I A R

ET = 1025 oHi(Wy - Wo) + R + K
i=1

K, ET BB KE (mm) 51 A E 25550 H R
TE2EG o W R EIETAEE (g em™) s H, N
JZ - IEIRERE (em) s Wy B W 4350005 i J2 13RS B
RFNE B8 K3, DL T R BT i A 80t R
BRI (mm) 5 K A BB BT 7K #A 45 (mm)
M R KR KT 2.5 m B, K {5 AT RLZBS AT, A
HRIGH R KR > 2.5 m, SO N KRN R
90,
1.4 HiEaE

I EE R F Microsoft Excel 1 SAS 9.0 4tif4k
(L7 N

2 ERE50H
2.1 (RIPMEMES LIS BN EM

T T LS I B SR LA
HEAS AR TR R 09/ K 4 ) TR X K4

Fe A3 i) o g F AR B 0 ~ 20 em g Kb
+,20 ~ 40 em MIB[E F M) +,40 em LT RV £

122 3 7] I, 2013 4EH1 2014 AE AR 3P HEAE £ FEXT 0
~40 em 12 IR FERE K, X 40 em AR
FICH I, 2013 4F 0 ~ 40 em ANJA] + )2 HHER
FACHR ) RPN IR < BT < G BHE < FEAT
T < AR, AR AL A + 2 5L GEFIE 5 B PR A
T 5.66% .6.59% 1 3.39% , B #EAL PSS + )2 B 4%
GEHHED WA T 3.77% .1.20% 1 1.69% ., 2014
A0~ 40 em AN[A] 4 )2 325 T AL B A X5 R B0k L IR
W < B < FEFFE I < BBk < fEGHHE.0~ 10 em
2 ATER | B AE A P A 48 25 T A AL e B R T
K BAGGHAE 3 BT 8.02% F1 6.79% , 10 ~
20 cm 120 ~ 40 em +J2 ¥ DITRAA b BREL AL GEHF1E
RN R AL G E D AR T 7.74% F15.62% .
297 22500, HAE 0 ~ 10,10 ~ 20 em £ 20 ~ 40 cm +
JEHIER TR ZF RN —3:10~20 cm +)EZ+
BAEGEM S H e 25 52,0~ 10 cm F1 20
~40 cm 12 HEAR T RIS bR B AR AL 2 AR Ak
P2 MR E K. X 0~ 40 em HHERTE,
BE LR PR E A R A 388 2 B P41 o
2.2 RIPEBEIT >0.25 mm TIEFAREKRIRE
T HEAE S RV R (0 B bR, 1
FAPLE YRR 77, TR] Bt pe i 4 45 < K
P KiAE > 0.25 mm (1 EDRE S R IR A E
AR, R 1 R, 2013 4EF 2014 4E, 4
FHPERHELLEE 0 ~ 40 cm EE A )2 > 0.25 mm
S P B A RO ) R R AL SR, H A
Ab B A 398 P SR i ot )2 TR B A IR i 1 i
H DR BV AR R % 38 i B 2R IR B 2 R
2013 4F- 0 ~ 10 cm PR S &, RS BB 2E ek A
ME A BB RS S T 14.55% .11.50% .
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6.81%F1 8.22% , LATRAS Ak A5 4, Ly 02 B 24
T AN B B FE AN AL T 22 S B 25 2014 AETER
BAZE Ak FEAT B S5 AL FE 0 ~ 10 em FIRIA & 8
g B EIR & T 13.39% . 8. 96% . 5. 78% Hl
12.94% , Horp DLTRAS Ak PR 4, O FE 1 7 15 40
MO EERARE . KEAEREN 10 ~ 20 em 1 20
~ 40 cm B34 S HAb BEA)2 F I — B0 RS > B

> WAFE S > bt > BEHHE, B HERHE L
PRI R AR T i 10 2 i T ARG, 3 AR b B AL
Bfly, H5H e A2 7R 5 B E K. 2014 4F
0~40 em FIRME BTN B T BE RS AP 6
TG HEAE AL FHEE 2013 4F 45 4k 43 5 $8 15 4.29% .
4.35% .3.60% .5.54%F1 3.60%

®3 BREFARLELEFENENL/ (grem™)
Table 3 The changes of soil bulk density in different soil layers

T+ 2B Soil depths/cm

ENy Ib

Year Treatment 0~10 10 ~20 20 ~ 40 40~ 60 60 ~ 80 80 ~ 100
RH Subsoiling 1.50b 1.56b 1.71b 1.79a 1.77a 1.74b
Bj % Stubble 1.53b 1.65a 1.74ab 1.76b 1.74a 1.73b

2013 S No-tillage 1.62a 1.68a 1.78a 1.80a 1.79a 1.76a
FEFFE 5 Straw mulching 1.61a 1.67a 1.76a 1.76b 1.75a 1.74b
fEGHE Conventional tillage 1.59a 1.67a 1.77a 1.81a 1.79a 1.76a
RH Subsoiling 1.49d 1.55b 1.68¢ 1.78a 1.76ab 1.74c
i Stubble 1.5lcd 1.65a 1.69¢ 1.80a 1.78ab 1.72d

2014 HaB No-tillage 1.57c 1.67a 1.76ab 1.78a 1.76ab 1.76b
FEFFE T Straw mulching 1.56h 1.66a 1.74b 1.79a 1.78ab 1.76b
1L GEHE Conventional tillage 1.62a 1.68a 1.78a 1.79a 1.79a 1.78a

T R ARSI/ NG PREFOR A — 2 AR A BEAE 0.05 KF2EF R TR,

Note: Different small letters indicate significant difference between tillage treatments at P < 0.05 level respectively, and hereinafter.
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20134
& ¥4 Subsoiling
O R Ff % i Straw mulching
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0~10cm

20144
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TE AR PR R B 22 53 35 (P < 0.05)

Note: Different letters indicate significant difference among treatments( P < 0.05) .

B 1
Fig. 1

2.3 RIPEBHEXT LESKERIKENF N
& 2 A, 45 AL FE 0 ~ 100 em 3 FR 5K
preliiFoR WA iR DS N EY N Dy ]
A A BRI 48 E K A 20 ~ 40 em )R IR F]
R, 2013 4EHEE 0 ~ 10 em DAIRAA b3+ 38 5 7K
IR, 10 ~ 20 em DL FEAL AR 57,20 ~ 100 em +-
JEZ AR PR R SR B 2E > URIS > R FH A 5 >

AEEE>0.25 mm TIEFARGKSE

The proportion of >0.25 mm soil aggregate content in different soil layers

Bl > BGHE,0 ~ 100 em B 7 M FEFTH 5
GoBE T 24 5 K i o M R AL B E S 47. 68% .
27.17% \25.02% 1 13.24% . 2014 4E 0 ~ 100 em 5%
T JZ A S K R BERIA R > TR
> B > Bl > B GHHE,0 ~ 100 em DL &AL FEF-
K&Kt o M A SRR = 27.48% .24.43% |
21.64%F1 16.37% .
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Fig.2  The vertical variation of soil water content and water storage at the harvest stage of maize

2013 AEAN[F AL FEE] 0 ~ 100 em 358 77K 2
TRFEI R B > TRAS > FEFFE 5 > b > (L5t
1, AR BAL G ERR & T 50.91,29.09,27. 88,
19.12 mm, B #E AL IR i 255 T H g AL B 2014 4E A
[ AL BRE] 0 ~ 100 em 38 B K 8 R 3 B A A% FF

> B > TRIA > St > S pHE, AR S
GiHHEIR T 28.88.23.53.,19.54,12.45 mm, F T
A E T H AR,

2.4 RIPEHHEXHEM T EHNZE

ANV ERAP PR A A B A S50 45 T 3K 4y, 2
HE 3 - VEYIK o 1 R PEDE IR, fE 0F £4 > 0.25
mm A RAIRITE B, FEAR R, A48 /& &
KFhireht, R 4 AT, 2013 4F 4 R RS PEREE
ARFR(BRAS B FE o BE RS AT T ) B AT 25 b 3
S E KR R L TR G B &
IR G377 2 KoK A3 R 26 34 i 2 v TR S ke, -
HE K R AR G AE S B R S 19.04% .
12.86% .6.45% 1 1.54% , "= W) = AL G WFE 1R
7 22.12% .17.00% .8.76% 11 6.46% , K43 7= %
AEGHE 23 2 25.05% .20.95% . 10. 96 % Fil
8.46% , 7K 41 F| F &% % 8 A% Gt #F 4E 43 ) 48 &
27.42% 24.78% . 11. 66% 1 10. 73% . 2014 4 ¥
LVNNEE R o I i o e S R B S A s WAL e

HRK AR 3 B 2 & TS HHE, b 5ok F
By i B AL AR E i B R 27, 17% . 15.61% .
10.66% 1 12.90% , *E W) 7 & B AL G ME R 1 =
27.81% ,19.73% .8.08% Al 15.56% , /K437~ i 4%
15 BEVE 4> 42 & 23.98% . 12. 28% . 8. 59% Fil
10.02% , 7K 43 F FH #5024 4% 58 Bk 15 43 3 42 &
24.60% .16.28% \7.45% Fl 11.14% , "] W, ff3 %
BEVERT LSS B 1 7, 42 = K o R FH AR, 2013
AEALER )3 P R BN RS > BBAE > bt > FEFFE
o, 2014 AE AL PR A P R B URA > B > BT E
i > e

390’

BRI HHEXT T B IR MR B0 2200

H TR RHHE I OR A3, AR 2 A0 B2
R TRIAREFTIRALRZE , AR 13 o 3R = AR
FER AR R RN ARG BF T 2, 2k 2
SEIYDITRFS 30 cm AEFEXT 0 ~ 20 em )2 HIEAR E
IR 3 5 K, 3 15 AR T L3 T 5 45 SR AR R, T
JEFE 0~ 10 em 10 ~ 20 em )2 FIEATE, 2013 4F 5
FEGEHHEAR H 3 3 TR 5.66% F1 6.59% ,2014 4F 5

(B HAER L2 T 8.02% F1 7.74% o AR I
HREEZE NI+ (HO )2 PR R At TR A

3.1
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FTAURZ 03 10 )2, 30 R R E R,
PR S 25 AR T T 2 S A A T AT RS AT
PEARIL H AT R R 2 A i, (B X R o

AP RV S 4 85 FF 8
BRI R KD L £ BRI L0
WG

R4 RIPEHHETEM T ER K ST ARG

Table 4  Effects of conservation tillage on crop yield and water use

KB/ e e KR KRR
Soil water storage P4 T 2 L HE = Water Water use
Ay QbR . Economic Biological . .
o Rainfall eld eld productivity efficiency
Year Treatmet £ 3e1) etk G o yiel . yiel . SCkgrmm~s (kg mm- -
Pre-sawing  Post-harvest /(kg=hm™*)  /(kg*hm™*) hm~2) hm~2)
A Subsoiling 258.03 153.61 589.1 8984.30a 15066..35a 12.95a 21.72a
B Stubble 258.03 168.59 589.1 8502.23b 14435.26b 12.53a 21.27a
2013 4l No-tillage 258.03 142.28 589.1 8102.24c¢ 13418.89¢ 11.50b 19.04b
FEFFE 25 Straw mulching 258.03 151.19 589.1 7820.15d 13138.73d 11.24b 18.88h
fEGHHE Conventional tillage 258.03 123.52 589.1 7499.80d 12337.51e 10.36¢ 17.05¢
A Subsoiling 197.36 144.66 306.3 10989.40a 17730.92a 30.61a 49.39
B4 Stubble 202.93 148.87 306.3 9990.24h 16609.71b 27.72b 46.09h
2014 %fF No-tillage 196.00 138.42 306.3 9562.84b 14993.75d 26.81c¢ 42.59d
FEFFE 35 Straw mulching 201.36 155.63 306.3 9756.09b 16031.05¢ 27.16be 44.06¢
fEGHHE Conventional tillage 170.26 126.62 306.3 8641.62¢ 13872.86e 24.69d 39.64e

AIRIEWFZE &I, 0 ~ 40 em £ 1 JZ > 0.25 mm
- S SR A B DAY A A PR 5 VRN A R T
IR AR, bl 2 1A T R HEE IR Y,
P T IR Ty ORI G2 v, $2 B2 A
AIESR WG iae s N e wk s JEOE /B LU oy 7N YN (T B e e
HR ST LA AT 3T 0~ 10 em )2
>0.25 mm + 3 RAKE R EK, 2014 AR
2013 4FE R 5.54% o S PR Ry A AT 2 25 AT 3 i 1 158
A AR 5 A LR AE Ry B S 45 ) TR i A
FIF KBRS E , 76 B RIATE il
P B A AT B AR /R ) e s gk 4
AEHEAT DR PEREVE (OB 98 B0, RS AT 7 S5 e e 2 s
IR T T i, AR M SR RARBTE A

TR B KRS DI RE S5 IR A S5 A T R E Y
I B YT TR HHE T i in 2 4L, IEIR &=
B3 P TR VSR 14 T BRI 5 VR AT I 5 s He 9
RN K B BE 7, Ik ek e 218 7 4o
WFFT eI AR B T I I B TR, FLRR B 1
T, TG SR T 4 S 0 B KRR RE . e AT
R R L5, B IR 37 - AL B B L 22y
FLBRERAR , % 13K Ty 2P A B, w3 4
oK NSRRI B KRR, B %
VIR e B, 22 R i 0 P /0 1 M T 7K 23 1) 76
K AR K5 . AR L5 AR, 4 iRy
PEFEERE it 2438 m TR JE 0 ~ 100 em 38K
i, AR I K RS R AR RS R R ATy

AL HE R IR IZ S 19.24% .26.91% .22. 66% il
12.22%,
3.2 RIPEHHETEN 2RI

VAR RPN TR0 i AR 7 1 BOK 0 K
T HEIHE T L Ao U &v =
AW i Al RASHE AT FT AR 2 IR Z R
TG HAS, AR T A, KT LR
R T MOk AB R R TR R T +
SRS B AR T RENTE AN K BB T DR T b
BRI BEE, IR T B ES, e Tk
SRR T s T SRR BIIR B, A
FFAR R AE MRS K53 TR W, ARt T FoRAE
KEH , m3fs 72 x G2 24 g5y
SER 8 bE AR REFPE SR T, b R AR
VBRI 43t LA % BR e 358 b N T e 0 DL B oy
fife AT B0 A LR A A R TR K E AR 1
RAURURE T, 4 LR A K AR
F)ZE AR E, R R HIR S
FERI, AL GBS T 23 0 3 SR R AR
FRAERRFRI WM SZ AN L K = 1t 250 S 5% 53 (1
ZONMHRE T PR FRAR . A E AT RS A 6
BB KR 45 R L0, B 10 000 kg hm =2 1] 3
21919200 {H w5 317 75 265U A - 0 B 5 4 X Y
P M AR IR AOM B, A /N2 RS A 25 AN ™
P W TSRS K B, AR R
ZRAFT RSB AT AR 2R 4 4 DL B, AT AR AR TR
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P ARXH AR B T (AR AR IRAL ), 4 AR R pF B aE + 1 4F
UHAAIBEVE 7 BB 1 25% A & T akas . &
KAHHR I RTINS VRl BEAT R0 ke TR IRAR
P rp B — R 9 R, fe g TORAE G, $d g oK™
o P, SRIPPESHEX T AR = R AR
KA BRI AE XD £ DA 3 R, 5 Bt —

4 45 ik
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