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(1 T EREBE R I ERTSYRT, mat 210008)
(2 WPEBEABERF, JEat 100049 )
(3 ZRE IR, R  233426)
(4 ZRUGARN AL LIRS, &8 230031 )

 E DRBEAANRIEEIIHAE 0 E BRI ek RIS, ST LRUETT
RGNS 2 B LR AU, B8 Bk . BERE . RANFIIR B DUFP L3R, DFFEAR IRy X 22+
0~40cm + )2 HHEYHRLEH . FRM R LT M= sgm . 25080 . 1) EERAEFTMN, it
0~40 cm T3V 2T MBS BN 1.52~1.57 grem > Fil 926~1 748 kPa, i T HAMBFEALLBE; 0~10 cm
+ B ROK SRR RN K ST HARBE L HE, 2331408 0.12 em®em™ F1 3.5 x 107 mm-min™'; #RFR
RSB AN, AR AR T BT i 2 B AR O = IR AIR 42.5%~117% . 35%~T73.9%;
2016—2017 JAAEAE = BR VA FITR BHIAEAR 8%~12%. 2) SHEHFRITGAMHIL, TRBIALEET 10~20 cm +
HERTEM 10~30 cm HIEFEFHEH S IR E 1.39~1.51 g-em ™ Fl 725~1 575 kPa, 0~10 cm HIEHMIFITIK
R ERFE 4.15x 102 mmmin ', 0~20 cm A RUKSERRFE 17.9%~18.4%, {2 T 0~10 cm +

BERRLE, BABIFMRTRHCR . 3) AR K S S HEAE (r=-0747,
P<0.01) BHBEFMCHKR. L5 LR, RKEMRDZER LA, AH

ERS (r=-0.73"",
THEYIE K, WX HOE B R ER

P <0.01) FI%f

KA WERL; W, RS, RARRE; EYr-a
FESES S158.5 L EkFRIZ A

22 B+ B A A TR BT R, B E AR
2) 400 J7 hm®, JEHURLA RS R HER R — %
XA A | PR IR EE, RERERERENR
TEEX, BHRBEF T YRR 21 A
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HEhEMALRR, SRR EK . R
2 FWJETM s e, bl gmast . sk
FEDD IR B FAMNER AL ST, fig
P LR | R RIEA LS A
P RRE S, b4 o 3R E K BE T . 76 TR X
G T SR AR Y 7.3% 40,
EXFETRIX, kS L B E o™ et
A AN G B TR 2 A A AR A A HE K AN 1 S AN
RF SR, TR R TEAS B R 2R L, 4T
AR, PRI B, R Bk E
U ORI, TR BSR4 5 18 75 i 7=
ROR, BT 50 R gERK B AT RS, HAFE
A —, BHEK, RMGBEYERK KR E W RAF]
S RBE AR PR R R R T
B, PR WRE ERE LS, R ER R R R
25 cm LI EUY, BEMSA AL R, 4R KAL
B & 4 . Schneider 257VR BN ] X 388 1] V% R I
REMEEVEY G =, & HIRA AR ESZE, ™
W 2 RT3k 20% LA _F 5 AHUR X F 3 32 0 3 SR IX 3k
TR B & R AR O 2 E BRI, Rk
EHERE, BRSSE0. Wik, ARBHET
AAEA A DXk A 3 P i AR 25 7

HAT, 228 L XA R EBHE T Ry
FEPE BT RED - BT B, BT AR S,
P AL AR A K 0] 56 R b AT R e as 121, T
WEVI I R, M TR, bk BN A HLR
AR e AT o i R R AR R I e )
INHTRIARES IR IR R LR, A AR & K 2 R L
F,OWIEY e . Zhai SEPORNEHI PR T A
RIRBRE NS AR LIS B, 0 4 SR A R P
o, WINEE . ERER R, KW
I, ARWFFEEE T B8O TR G E H B, TR
ASTEBE 7 2O0 LI PR BT . FOKRMR R Z B FRE
FALF= iRy, DU 38 mh 22 58+ XA HEE
I, AR e K

1 MRS
1.1 iIE R

AP 5T 2808 e Y 2015 4F 10 A #8511
HEVERE IR S M (33°32' N, 115°59' E), % [X3§

J W T P N 2 KU, ARSI 14.8 °CL AR
SRR R 900 mm., - 3ESS R ST W AE A KPR DT
WEB R Z R A A0 7 R ST A4
% 1H F KR —AE GRS . e S wr, B2
TIERE N 1.35 gem”, AHLE 19.8 gkg', A
0.87 g'kg ', WA 156 mgkg ', &M 0.45gkg ',
AR 18.9 mgkg!', &4 12.8 gkg', A
162 mg'kg ',

1.2 RIET

IR R AR R BEHLIX 41511, L B k.
BERF . IRAAFIGR B FPBEAE AL (3R 1), B4 Ab B
HE 3 W, 12 4R, BA/NXERN 160 m?
(20mx=8m ) AEMIR R HE/NEZ(10 AR RFE 6 H )
IHEK (6 HZE 10 H) fefE. Al aAE. s
FEPAEAY 3R PR (7 N 464 gkg '), i BERRES (&
P,0;5 120 g'kg ') FISLH (% K,0 600 gkg ' ).
% N. P,0s fil K,O H & 4% 100 kghm?
60 kg-hm > 1 90 kg-hm > fE AL, /INF2 | FORIKTY
3B N 80 kghm >, £AbHH I — 5, FoK
A BRI TEE S 25 ecmx 60 cm.,

1.3 HRRESHH

FORARMIE, 20 FEH (2017-07-05),
W (2017-09-09 ) DL EMERIA (2017-10-25) SR&E
FIEFCIRFRITRESD (100 em®), SREEREE 518 0~
10cm, 10~20 cm 1 20~40cm. 105°C 4L 5E +
BAE, BN HER 6K,

ok W Ak B R St HE IR 3R T RE A
(100cm’ ) 7 [ 52U ZE A0 AT, R K Sk 2 1 £ 3%
TR AR SRIFHG IR JIRE S 33 kPa M) T JBEK
A I 0 FH Rl K B, T 1500 kPa W g R BKSF
M 2 AR, R K S R BEEE R
A ROK P EEP B EER 6 1K,

T HEEEEM M . fEERAERSRET, 53
TR S R B AH [R5 SRl B Sy, /X
REBLZEH 10 4> s R & SEEE{ (SC-900, RIMIK,
PRIV ) i) SRS 0 2 0~45 cm -3 553 B T .

T KRN E . A E LB L —
AKX, AE RN 5em, 15em 1 30em i H
Ko WAL g% (STE, METER, [ ), 254t
7 0~10cm, 10~20cm £ 20~40 cm + )2 + 3 5K
o IR WA 1 R R /N — 1R
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Table 1 Designing of the field experiment on tillage management

AbFE Treatments

#EfE 7 Tillage practices

e

No tillage

Rotary tillage

BAEAHE . SRR AL R 2= 1) G B R Rl — 1 58 BB R BB L. No tillage for a whole year. A no-till
seeder, developed by the China Agricultural University, was used to implement the sowing and repressing operations at one
time for each crop season

FHAEF AWK G (10 A ) FESLIESE 2 8, fEAVIEE 15em. /NEWERIE (6 A ) G FEE  After maize was harvested
in October each year, a rotary tiller was used to till the soil twice to the depth of 15 cm for wheat sowing. After wheat was

harvested in June each year, maize was sowed directly without tillage

AR FAEFEARWERST (10 H ) RA o B AR R 2E BRI KR FA L EEAT MRk, MRV ERE 35em, SRJSRBE 10 cm DUFTRER 23
Subsoiling INEWGRSE (6 H ) BIEREFEUE After maize was harvested in October each year, a subsoiler, developed by the China
Agricultural University, was used to subsoil to the depth of 35 cm. Then shallow rotary tillage ( 10 cm ) was performed to

break large clods for wheat sowing. After wheat was harvested in June each year, maize was sowed directly without tillage
N FAEEKBGERE (10 H) FEATHRBIVEIREE 25~30 cm, SRJGERHEE 10 cm DATBCR B3 AINEIBGRE (6 H ) HiEHE
Deep ploughing F4H{f After maize was harvested in October each year, a moldboard plough was used to till the soil to the depth of 25~30

cm. Then shallow rotary tillage ( 10 cm ) was performed to break large clods for wheat sowing. After wheat was harvested in

June each year, maize was sowed directly without tillage

HRRFFIEN A . FORFLAMI /N X LR 1 B
PSRRI RIR R, D2,
30cm x30cm B FERR 10em — )ZBUH 88, BURE IR
JE % 400m. ¥ R FOROK P BE, Pk AR R I ohsk
+ ¥, H WIinRHIZO # & 4 #F & 4& ( Regent
Instruments Inc, AIEK ) #HATHR AR, KE LR
KR, SRR R 7E 105 °C &7 30min, 80°C
BT FEFEGFRE, RIERFEABIMRRKEES
R4 o o %%

YERI PR AE . 16 2016 4F | 2017 4FF KM
B BN PEBU3 B2 m x 2 m AR HEATIN 2017
AR /NGE AN, BN /NGBR3 B 1 m x 1 m R i
A=
1.4 HELESSH

ST EEE R ] SPSS 17.0 MEATEAN K Ty 2000
( One -Way ANOVA ), JFHg/N #2557 (LSD) &
T2 E L, R HTR /R # (Pearson ) XY
AT, WK P <0.05,

2 4 R

2.1 AE#HEAXLERENZM
TE KA R AL F B B, AN TR B A 7 200 A TR

WL IRAEERNRMAEZS (R 2): FREM
VRAS 5 B K 0~10 cm + /24 H (1.44 gom™ ),
L Ath, 4b 3 X6 A 48 7% F ) R ) B G 3 2 5 L E Y
W% AL B 0~10 cm + 2 + A E(1.57 g.em ™)
BEE T HAMPHELT (P <0.05); hEH
10~20cm + 2R H (1.52g-em™ ) 8 BB FIHER
FFTREAL (1.58 grem™® | 1.59 grem®); REN W
ZFEML 10~20 cm Fl 20~40 cm + 2 HIEARE
(1.47gecm™, 1.46 g-em ™), EKRIWIKRMLE 0~
10cm + 2, H#iAbH T A HE (1.48gecm”)
3 T H AL = A EA R (1.35~1.39g-em™)
(P<0.05); 7£ 10~20 cm )2, WEIAL BT 4%
HE (139 gem™) B EM T HMLEE (P <
0.05); MMifE 20~40 cm &b, AS[EBEAE AL 2 2 8] #Y
THEETLER (P>0.05),
22 ARHEFAI TEFER NN

AR R AFE B A 4 38 28 B BH T 7E 0~10 em R EEE
T it R R 8 T m G B (). KT IR
KA, EHESKEAL, HEFEH K. Rkt
T 10~30 em WRESEF L ESEEH R Em T
HAtls =FhHFEALBE ( P<0.05), 7E 12.5 cm kb1 %F
BRI ik 2 475 kPao HARHHVEAL BN ) 3 25
(Kl 1a)),
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Table 2 Effect of tillage practices on soil bulk density relative to growing period / (g-cm )

AF W W et TRk 23S RHH

Growing period Depth/cm No tillage Rotary tillage Subsoiling Deep ploughing

i 1 0~10 1.50 £ 0.05ab 1.54 +0.02a 1.44 £ 0.04b 1.52+0.05a

Seedling stage 10~20 1.55+£0.04a 1.56+0.01a 1.55+0.04a 1.51£0.03a

20~40 1.55+0.01a 1.60 £ 0.03a 1.54 £ 0.03a 1.60 £ 0.03a

I 0~10 1.57 £0.02a 1.47 +0.02b 1.43 +0.03b 1.43 £ 0.02b

Grain filling stage 10~20 1.58 £0.02a 1.52 £ 0.03b 1.59 +£0.02a 1.47+£0.01c

20~40 1.62 +0.02a 1.60 + 0.02a 1.60 + 0.02a 1.46 + 0.03b

[herR ! 0~10 1.48 + 0.04a 1.39 + 0.04b 1.39+0.03b 135+ 0.03b

Harvest stage 10~20 1.54 £0.03a 1.52 £0.03a 1.50 £ 0.03a 1.39£0.02b

20~40 1.57 £ 0.03a 1.58 £ 0.03a 1.56 £ 0.02a 1.52 +£0.02a

e AE/NE FRERRE— R E AN RPEA R 227 83 (P < 0.05), T Note: Different lowercase letters indicate

significant difference between tillage treatments to the same soil depth ( P < 0.05 ) . The same below

%1% [H. /] Penetration resistance/kPa

0 1000 2000 3000 O 1000 2000 3000 O 1000 2000 3000
0 a)ﬁ*a‘,ﬁsﬁ ) b)f%_’yj”i,ﬁéﬁ o)k
Seeding stage Grain filling stage Harvest stage
= 10 10 10
o
S
220 20 20
i
30 30 30
40 40 40 , }§$
s ST
50 50 50 .

W NT &R @ll, RT Zonledl, ST RRIFKA, DT RK/RIKHH, T Note: NT stands for no tillage, RT for rotary tillage, ST for subsoilling, and
DT for deep ploughing. The same below

1
Fig. 1

2017 4F 8 HZ G WK igim, 42800 5%
BT AR . FORBER I e R BT 5~15 em I
JE 3 161 2 3 FH 7 b 3 v T LA A B 5 R R S S AR AR
10~30 cm VR B [l - 58V 4 28 iE B0 J) %2 725 kPa,
Hoft = Fh AR AL BESF- 2 28 BB S 7E 938~1 092 kPa
ZIa (B 1b) ).

FORWCIRI, BREEBILL B AL, Ay = Fhab B
10~40 cm )2 ZFFERH IR FFTE 1200 kPa 2247 B3
Filo 7E 0~10 cm VREEVEIE, AL~ 15828 E 0
it THABFAEAL L, FoAx =R E AL B 3 2 0%

ATFRAERHP AR BE T 20T 0~45 em 3557 B 142 fk

Effect of tillage practices on soil penetration resistance of the 0~45 cm soil layer relative to sampling date

BHHp AR —3, 7F 10~30 cm + )2, TP EHEH
FTHAKE SR UCH - TR BH( 764 kPa ), TRAA 930kPa ),
JE#F (1 061kPa), f#f (1158 kPa). 7F 30~40cm
b, 45 BR1E A B 2 8] A 39 5 B ) JE A W 25 S
(A 1¢)).
23 AEHMEFAXI LEAS BN S KRN
i
TR A J2 A HE S K R S [ K B A AE 22 R
0~10 cm )2 5 E /K B2 AR AAR 5 RBUR K
(B 2) A # A2, 7ERE KIS f5 10~20 cm 1 20~40 cm
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() B3SO ETE—E R —A “EmE” HE,
X — PG B - SRR B R i S e, U A
X3 - K e, oK AE T NS R BN £
2 HOF IR S K Bt RIS . 7 0~10 om 4b,
TREAL BRSP4 AR - 5k i (0.20 em™em™ ) {1
T HABBAELBE (0.22~0.27 cm*em™); TE 20~
40 cm Ab, TR ENAL BEOR SF MR R 4 8 5K w
( 036em’™em” ) & F H At B 4E &b B ( 031~
0.32 cm’-cm ™ ) FEMKE /LR 7 A E 8 A EAaribiE,
0~10 cm )2 SR AR B AL BT & K AKX T Ho A Ak
AL, 8 A AILIE, WEH K, 0~10em 12
B P 4 35 K I B T A B E AL R

—=— NT AVE 0.22m* m~CV 20.8%
6 a)0~10cm . ST AVE 0.26m* m=CV 15.0%

AT ROK 53 P A Bt R 348 Jon i RAAIRC 1] 3a0) ),
X5 A TG N El T R AL A (K 2 ),
0~10 cm Fll 10~20 cm )2 RIAFIRBHALBE T 1 84
BOK 53 P 25 e S F RN e AR A 3 W AR T 5%~T%
(P<0.05), BEHHLIE 20~40 cm + )2 + 384 oK 4
PEZSW BRI, X ATae S LA EI A ¢,

- b R K R RE TR B S e (18 3b) ), 0~
10 cm T ZEMFANRFIACEE T + 3 S K R,
239k 4.15%10% mmmin~' F1 1.09x10° mm- min ',
BEETHEE (3.87x107° mm- min™') FlHER: &b #
(1.48x107* mm-min™' )o T 10 cm & LI T &#E/E4b
PR AT K R AR B 35 25 5%

m~CV 16.4%
m‘3CV027.3%

—— RT AVE 0.27m*
—<— DT AVE 0.20m*

- |
|
04F
03}

02}

0.1

| I|I LN

‘ I
450

4100

1150

P& T & Rainfall/mm

i i 200

06-01 07-01 08-01

0.6 -
05F
04
03F

02F

= NT AVE 027m* m~CV 16.9%
b) 10~20em _, g7 AVE 0.25m* mCV 21.5%

09-01 10-01

—— RT AVE 0.30m*
—— DT AVE 0.31m*

m~CV 11.7%
m~>CV 6.4%

0.1 1 1
06-01 07-01 08-01

PR K& Volumetric water content/(m* m~)

0.5F

04}

03}

02F

0 1 1 L

¢) 20~40 cm —=—NT AVE 0.32m* m~CV 22.9%
0.6 - ——ST AVE 0.32m* m~>CV 7.4%

09-01 10-01

— RT AVE 0.3Im* m~CV 13.7%
—— DT AVE 0.36m* m>CV 15.1%

06-01 08-01

H #§ Date / mm-dd

VE: AVE ®-4H

TN AR A K ESPIME, CV RRAE T R4 Note: AVE stands for average volumetric soil water

content in growing period, and CV stands for coefficient of variation
B2 RFEBHE 2 AR KR 1 e

Fig. 2 Effect of tillage practices on soil volumetric water content
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03r
a)

AROKSY P

Available water capacity/(cm?-cm=)

10~20

20~40

HAIFIKFHE LK

Saturated hydraulic conductivity/(mm-min-')

Or b [Nt W RT
a sT [l ot
3t

VA Depth/cm

W ARNG FRER IR F— IR EA R BHE LB 2 7 5.3 (P <0.05). F[F Note: Different letters indicate significant difference between tillage
treatments in the same soil depth (P < 0.05) . The same below

A 3

AT AW A ROK S () FEASAKE (b)) BN

Fig. 3 Effects of tillage practices on soil available water capacity (a)) and saturated hydraulic conductivity (b))

24 AREFHEFXITEXRRREIED =M
ANRBHEL T 90% LA I T KR REF#HE 0~
10 cm WREEFEREIN (K 4), 7£ 0~10 cm )2, HR#ILL
PR AR B T PR Ab 3 (P < 0.05),
B ERF . AR AN T 117% ., 34.5% . 74.5%:;
MR- B2 BN T 73.9% . 35.4%. 38.9%.
10~20 cm 1 20~40 cm TRJE HERkb FIAR K % B AR+
Wy o R T AR b (P < 0.05),
ANRIHETT R 2016—2017 4R 4EMEY 7= &
MR IR R K (P> 0.05), (HP= 4R THIEE
W (I 5 ). 2016 4 B K= VRN FI TR BH A S Bk 53l
7 8.22%F1 9.69%, BHEHF /3 HIHG I 10.32 %F
11.81%, 2017 4/N22 2= DR B A S b FE R 430 38 7

300

a)

250}

200}

150+

AR

Root length density/(10* m'm-?)

100 -

50

babp a

12.27%H1 7.21%. 2017 4F AR Z=ERIA TG B AL BT
TR RBG 0 12.2% A 11.0%, 5iE
BEr= A
25 TEVIBEGEMSRRLZEREYEEEXE
B KA T N A SRR 3T DL R 4 A B AN
X 0~40 cm TR Bl P 845 0 1 i S5 AR 22 %% iR
SEIE G AT AR ST R B AR R L A
AR B BH 3G I 2 AR BR ORI L2 3
FH ) A B S5 AR R & B AHOCHE AR A 3 18 KA P
>0.05), HACRFERHA 328 BB ) F A E ) SR
KEREREAMIELR (P<0.05). 2EFHL
V- 2R B B ) AT 2 45 B S AR K % R ) 3 2 AR
FEHALEKR (r=-0.74, r=-0.73, P<0.01),

36001 NT N RT

sT Il DT

2700F

1 800

T4 o e 5

Root dry biomass density/( g'-m~)

900

0 o \\\Nzzzzzz 0
0~10 10~20 20~40
1% Depth/cm
E 4 AREBHEFXIREEE (a)) ARTYREEE (b)) BN

Fig. 4 Effects of tillage practices on root length density (a)) and root dry biomass density (b))
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125¢ [ 2016F % Maize yield in 2016 RO TRRATE AT W B J2 0 N BB A% £ 2 5%

N 2017/ Wheat yield in 2017
[ 20177 % Maize yield in 2017

100 F

~
W
T

2

N
S
T

#Yield/(10°-kg-hm™)
PR Yield/(10% kg-hm™

5%
wn
T

RT
#E4E 77 A Tillage practices

T ASEV/ING S BER IR A R R IR YA 5] A A B I 72 e B35 (P <
0.05) Note: Different lowercase letters indicate significant difference
between tillage treatments in the same year (P <0.05)

Bl 5 AR DT 200 2 1 R

Fig. 5 Effects of tillage practices on crop yield
3 3

3 AEMEFRTLERIEER

EN GRS TEU AR N IE X (VIS e v 27/ PR 1N
WA LT M EKR LS /T LB bR E KT
Gb, GBFAL R + A E Y W T A = AR b
1M 28 335 B T 0 2 A F 2w K o SaBfxT 4 sl
AN, KB BB AR e S e i 0200
FHEK R e AR A I AR B /P, &
KUK D, HIRTEmsmFcs, ARBHE
AP A IEALBRAARI B R R, KPR, +
HeZs R et eI R e s, R AR
Qe i A /S Ry TR I S )
REMEIM T HHMERIE R Z L85 M, 45 TR IR
PEEAL SR A R RS, B TR A
WAt FHEZS T (3 2). W 0~10 em +J2 1+
A E M e E O A REARVE R, (A 4
T A 10 em UF RHERSRRE (K2 ME 1), g
PEBHER Rk, WREHIERWZ L2 R R
MLELE SR, FLBRZS BRI, R HES B %,
- R RN OE A BH O I R TP, 2R R
TRIAFIER BRE S AT AL, W& PR R I A
4B A AR g R K AN, TR
AP R EREAR T 0~20 cm T2 AT, BMAEH
N 10~30 em ¥ B2 [ - 5820 B ) & T (3R
2 R 1) IR RN IE B BIG R )2 B s
K2 TEASIRE, WAL R R E AW W

TFF, NEEE A + R IORE, + ey g
PR RO AR B . Bl B R K, ASFBREAL 2
0~10 cm 42 H A TR WAL, %HF 10~40 cm I
JERE 20~40 cm HEFEILH B (F2), BRK
IYREIRAL, VEMIAR R & B WAAE—E . BHERE
A HES R IR R LT, M N KB R
bR AR AR — e E . L, X F
AR £ S . kAR R 2 R £,
T2 R T A R T R A 32
32 ARMEARTLEKSER

ANFEBE T 0] RIS AR R K 22 5, i
A € B NG A N B O L Se= | £70y /A TTi iy /e o=
FLBREE A HE T, kA5 A 5K it /K 23 Al i
HA T @A ROK s EZRPT ) BN A ROK
YR BERT (K 3a)), X515 E RS
(F£2) —%, WHHZAR T g, il
BN, SR E R 20 R HOK . BTN,
TRBAL P 2+ HE S K BRI R 2 S K E S
(B 2), UEEHTRBHRRAR T 14 (S T -4
FLBREE ), o 13K T8, x5 HA R 1Y IR A
SKFE (E 3b)) —8, g R AL 1
HEE KORHEK B8 S #4453 24 T .
33 AEAMEFXTERREEKER

- Yy R ZE AL i I R AR R R B DU E Y
WIS, MRMYRERER, PHEEERN
+HEZFLEE X R & T BT B0 A
W R, B SRR &R R E AT B B £
MEER, EDERLXE T RRAL T R NIEE
8 Hrpfyz 9 AARPY, 3 S i (0 38 hint &
FHANHIR R AR (£ 3), B B SR
MAKAERKERGHKIEE, fRRET LHEEER
I HL 5 3E 5 AR R XK A I i 0 Passioural®!
R AR EAM LB ST 14 g-om” 1
MPa AR R A K A i % . BRI F I 90%
PIEARRETT 0~10 e BHZE, %R E LRI 1%
BRI AR BAN R T 1 MPa, A AR
5% B RIAR ) o o %% B AT At b 2 &1 4),
A FIEBIAL R 0~10 em FRJE + 5724 285 )
BT 450kPa (& 1), S RIEEALE, )27
ZEBEBH AR 361 kPa, AR %5 BRI 47 ot o 2 1
2 i T AR E AL B
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F3 01T FEREBHATEYEERERALERER~EEMEXME
Table 3 Relationships between root biomass and crop yield with soil properties during the crop growing season in 2017

AF M Eizg ) MR 2% 4 o 5k %5 BE i s
Growing period Index Root length density/ (m'm>)  Root dry biomass density/ (g'm>)  Yield/ ( kg-hm?)

Hi B kPa -0.57 -0.29 -0.42

Seedling stage AEY (grem™) 0.05 —0.04 -0.07

A BT/ kPa -0.69" -0.71" -0.51

Grain filling stage KFE? (gem™) -0.79™ -0.51 -0.23

ler3 s BT/ kPa -0.73™ -0.61" -0.55

Harvest stage AEY (gem?) -0.65" —-0.53 -0.04

2EEY K" kPa -0.74™ -0.54 ~0.55

Entire growing period AEY (gem?) -0.73" —-0.53 -0.24

e N, T RIFRRAE 0.05 R 0.01 AKCE B (WA ) BEMF  Note:

respectively. (DSoil penetration resistance, @Bulk density

34 AEMEAFRTIEMTEER

2016 FEFEAK . 2017 4F/NFELL K 2017 4 F k7=
AR IR, W e - AR s 10%,
B2 2017 4R F K= 5 5L GHHE T et &A1
M, 5 2016 4F F ORI 1T 10%4H EARIR Z2( & 5 ).
XATREEH TR R X W RN, F8i58
B, MmimEgm T EkA K, EY R g bR
ZEFBRK AT, ARPHETAT HIEEER
BICH B 25, REE 19%~21%Z [0, FEEREF
WONEER 7 HRaE 8 H LA, Bk,
ARG KEREMTEERY (K 2), hTb
LR EBEK LI ERRR S, MUK IOk SR
RS e w £ 1 A L e o Nt m N (5D A
IeAh, RAEBRBAYE LR LA S IR 15% K
B, /NF 10%0 2 BEED X TFAE KA
ANT EBE K R B 22 b 22 R R . 4B F
99 P9 AS 5] Bk AR Acb B T) A 98 FL B SE FL A 0.4~0.5
em’em”, M ALBET 10%0 ( £ E KRN
4 0.3~0.4 cm’-cm ), HIEI/KEMETE, 8 A
LG, TR, RN+ Ky T B RE T i
W, 7EEKREAEFT BN 10~20 cm F1 20~40 cm +
BAEEKEET 0.3 em®em™ BIBTE 5 H B
THABHELI (K 2), P50 E 0T i HEi i B
R iR E R A (K S).

*,** indicate a significant level at the P < 0.05 and P < 0.01,

4 %5 ®©

A B AL X L e B A R AL . AR AR
KB BACY R IEE G T, 7R 2017 4R ERAH
RO RT3 AR A P S 12 v i A
T A UK R IR K R, B A
B Ak BT Bt R AS RO, ELOE T IRAN AL B
et TRARKRF IS T ER7 B, B#2SRD
Z2 MR L BGE H A BHERI

B RGP R KT R AR R
MAn e Hr B A, Bt T HEW B R EF 5 AT AR, Bt
BRARR K A2 VBl & A) 4 RE

2 % X o
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Effect of Tillage Practices on Soil Physical Properties and Maize
Growth in Shajiang Black Soil (Vertisol)
WANG Yuekai'? GUO Zichun'? ZHANG Zhongbin' ZHOU Hu' HONG Liang’
WANG Yongjiu> LI Lujiu* PENG Xinhua'
(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)
(3 Longkang Farm of Anhui Province, Huaiyuan, Anhui 233426, China)
(4 Institute of Soil and Fertilizer, Anhui Academy of Agricultural Sciences, Hefei 230031, China)
Abstract Objective  Shajiang black soil is one of the major types of soil low or medium in productivity in China. As

its parent material is dominated with montmorillonite and high in clay content, the soil is high in bulk density and strength and
low in water permeability. These characteristics of the soil are the main factors limiting root development and yield of crops.
Tillage practices, such as subsoiling and deep ploughing, have been considered as effective management practices to improve soil
structure, but their adaptability varies quite significantly with region. How to adopt effective tillage practices to improve soil
structure, expand available water capacity, promote root development and increase crop yield is of great significance to safety and
stability of the grain production in this region. The objective of this study was to evaluate systematically effects of tillage
practices on soil physical properties and maize growth in Shajiang black soil. Method A long-term field experiment in the

Longkang Farm, Anhui Province was initiated in 2015 and designed to have four treatments different in tillage practices,
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including no tillage, rotary tillage, subsoiling and deep ploughing. Each treatment had three replicates, making up a total of 12
plots, laid out in a single factor randomized block design. Soil bulk density in the 0~10 cm, 10~20 cm and 20~40 cm soil layers
and penetration resistance of the 0~45 cm soil layer were measured separately at different growth stages of maize. Features of the
root system of maize in the soil profile were measured only at the milk-ripe stage. Soil available water capacity, saturated
hydraulic conductivity and some other soil physical properties in the three layers were determined separately and yield of the crop
was calculated after the crop harvested. At the end, relationships between crop growth with physical properties were analyzed.

Result 1) Compared with the other three treatments, the no-tillage one was higher in bulk density (1.52~1.57 g-em™) and in soil
penetration resistance (926~1 748 kPa ), but lower in soil available water capacity (0.12 cm*cm ) and in saturated hydraulic
conductivity (3.5> 10> mm'min ") in the 0~40 cm soil layer depth throughout the entire maize growing period. Consequently, the
root length density and root dry biomass density in that treatment were significantly declined 42.5%~117.1% and 35%~73.9%,
respectively, in the 0~10 cm soil layer than those in the other treatments. The no-tillage treatment was also 8%~ 12% lower than
the others in crop yield for three successive years. 2) Relative to the treatments of rotary tillage and subsoiling, the treatment of
deep ploughing was lower in bulk density (1.39~1.51 g-cm™) in the 10~20 cm soil layer and in soil penetration resistance (725~
1575 kPa) in the 10~30 cm soil layer, but higher in saturated hydraulic conductivity in the 0~10 cm soil layer and in soil
available water capacity in the 0~20 cm soil layer. Consequently, the plants in that treatment were higher in root density and crop
yield than those in the other two treatments. 3) Pearson correlation analysis shows that plant root density was significantly and
negatively related to soil bulk density (=—0.74"", P < 0.01) and soil strength (/=—0.73"", P < 0.01) for the whole growing period.

Conclusion It is, therefore, concluded that the deep ploughing may be a more appropriate tillage practice to improve soil
physical properties and promote crop agronomic performance in the Shangjiang black soil.

Key words Shangjiang black soil; Deep ploughing; Soil structure; Root characteristic; Crop yield
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