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B BE R S BOL M X B K 4 kT R P
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1.1 HREX#ER

T 56 1l 35 7 K R0 K A A B I 4% B T o A
8 3 T K ORI 375, 467 2 e VT4 Vi 4 T
SCEE R, M 7 N 47°217,E 126°507, 1 &
210 m, Iy S 4 X LR 08 118 B . & B IER
T AR RIEW, 2T BN & 530 mm, 7
KSR 1.5 C AR H BREF 40k 2 600 ~2 800 h, 4
YRR 113 MJ em 72 S4EAOBUR (=10 C)
42 450 C 1 FARAEEVR 90 m, A — SR
AR LR 1,

1.2 KEigt

A K R K, IR T 2007 4R K R
TR K O R BV it D B R B, DAL G i
P 2B AR N Xt B AR b 3 R E AR, 3L 9 NN IX
INK B EY S 5° 1 FR 20 m x4.5 m, £k — K&
WA AE o AU H RI LI h 2011 48, R A VE
REXK,S H 3 HANTHER, 7% P05 7 B mE i £ 7L
Jfié (acetochlor) B P B %, (1) S #fF (NT) : Bi #
AN FEATAT AR B AR 6% 2500 4 ) A B Bk R WOk fE
FEFF R B #2755 77 U ik |, W4 T 28 oA
(2) B (RT) < T 2B A, 78 5K A= KB 30N T80
TP, PR ZE PR, W Z AT (6 H R ) &R
P TR AA TR EE >20 em , Bk R IAR J5 B 4 B AT
W, AE R ZE Rl At . (3) 1B SR (CT) < i3 22
PE BTN TR m o, hopih i 22 PR, B R IOIR IS e
B 28, o 2 b e B FBEE O 20, il i F oK
A XS )12 PR IS 6 5 3G AR AL B 2B
WREEHR S em, W FE Ry 25 cm, 22 #E R 70 cm, B>
Hi 24 47 000 ¥k %At A ZACN 69 kg hm ™" B A
P 51.75 kg hm > £ IEK 15 kg hm >, I 4h7E 6 H
A, B K Ab T = - 8 b EUIE N 69 kg hm ™7,

F1 AT EERABELER

Table 1  Physical and chemical properties of the test soil

T2 RE L0 K FH [ 4 7K ok ki Bk A HLBT
Soil depth Saturated content Fieldcapacity Sand Silt Clay oM
(em) (v/v, %) (v/v, %) (%) (%) (%) (gkg™")
0~20 56.2 44.5 31.6 30.8 37.6 42.1
20 ~40 55.7 43.2 30.7 29.3 40.0 28.4
1.3 MEmMBEA* FosE A8 U WU S K e Sk B DU 5 o BUER A

THEAE I, TR E 5 em, (K
FUH 100 em® 40 51F 5 A .6 A .8 AF110 A 2
MEGHIHLZEO0~5 cm F1 10 ~ 15 cm ZEHUHE

KB RMAE:F5 A .6 4.8 JA10 J 53 51%
0 ~10 cm 10 ~20 cm F1 20 ~40 cm JREE G 45
FE o SR PR IR 5 EA T 00 2, EL R4 A R BRI T
- HERE N 50 g, BAS ZE IR K 18 R AR I - HERE S, SR
B 2 ~4 min J5 0 55 R 2 AT R AR 3 BT AL B T
W(ERFLAEA LM TR 5 mm .2 mm. 1 mm. 0.5 mm
0.25 mm) ,ZEIB/KIZ L 8 min, & FE Y 2 min, &}
SYBPEER 30 YK IR EE 3 em, S0CHET 48 h £ 1H
PR, TR R AR T A

BAL, K& EE S emo BT S min 5% 1 min g A
BIKE,5 ~20 min N EFE 3 min i2 3% — X ,20 min
JE A AR R S min SRSk —IRABKE, 30T 6 A
8 HAI10 H @ B MZG K LIEABHE,
8K I3 R TDR (Trase300, 3 [&) #ll & 0 ~
20 em HIERFRE K, 7350 T 4 R ZE 10 w1
TE B IR MIZE 15 Al Y e HE S K & A/ DI R

TE— U, ARF I 14 KA E — K.
A Y AR ot SR P 20 TA R AR A R R

N TIOR3 T 7 A 9 4 3 A, JBORE 0 5 9 70
PNE=N
g
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MWD f FFE > 7. 15 mm, R 0. 1375 mm'"7" |

FH SPSS 18. 0 #14 Xf i 9 $ic 4l 2 A7 Ge 11 43 v
T3 2% 43 A A e Ak LA Y 25087, L LSD i A6 3 o 1 8K
Z I 2 Sk, A SigmaPlot 10. 0 5¢ 2214 .

2 ZREWR
21 HEREFHTHTU

K la iR WA RGE R G FEAEZT B,
G LA R AL RN, AL R
1.20~1.23 gem ™, DS A HEAE R ERT
Al A Gy, 1Al T G 2 ) 25 S OR B E L L g B
EZA TR RSB R K, £IZ0~5 cm +
HE,S H AT RN, LR0.91 g em ™' ,6 A4+
HEAS TN A0S 5 102 5ok A B B 2K OF ;8
Ay BHERTE =S HM6 AR 1.21 {51 1.13

a

TR B T R 2 oK P, 3R W4 T 7E G 0 ) 3
MR R,8 H 5 10 HAEEF AR E, 7610 ~
I5em bR HIEREFERHANG0~5 em - ZHBIHY
AR, 226 5 AAEI R/, SHAA 1 22 57
Pk s) KV, RGeS LA E LR
RIE ELBCHE A3 i, 5 DR 2 i 2 VR W Wk s i AT
TRERA 498, X% R B iR R, Z R N & R R R
WOAEREI R B, R A REEE 1.00 g em
PAR , 2Z )5 H TR K 4 ok (o AL st B 0 b, 1=
S Il Sz, s B o DB R OR BE AT Bk
Hu A, B 5 L e BE AR A ), X 4 S Bl AR K+
B EA LA T R AL G EZ ). R BFBR
ol AL B X 49 ol AL B HEAT AR /NG B Ah R R 4 4
P2l , 1875 AN 32 O flh R T 58 B R, i 4 4
HEAEAN . [ — A& A2 2E A g
HAR/PNERH N NT > RT > CT,5 H 27K,
RGEBER LIEATEEO0 ~5 cm 1 10 ~15 em +
20 LB 0. 17 ¢ cm CFI10. 18 g em R
BEA> 9% 0.33 g em PH10.34 g em 3K F] 5% %
SRERKF, DG LIEATEZR LRI E
% KRIE10 ~15 cm + R HHEAFEE 0 ~5 cm
+EK.

o 14 0~5 cm 10~15 ¢cm

5 13

o [—15H May
i = l'l ZZZ16H June
& z 1'0 =18 August

L] .

2 09 E==110H October

=2 . s 0 .

P08 : : : : :
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AL ¥ Treatments
b
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5§ 13

of
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b3 Treatments

CT

NT: % #k No-tillage RT: Zb# Reduced tillage CT: 44 #E{E Conventional tillage

7

AEPEET T RERER R E (a0 265D W)

Fig. 1 Seasonal variation of soil bulk density in different tillage treatments (a. ridge; b. furrow)

P 1b R AS [ R B 28 30 + e 45 B 1 A8 Ak,
E0~5 cm F1 10 ~ 15 em + )2, S #t AL 5 #E4E +
BREMEY T O, AE W R e LN,
TR T B W IR R — B S 22 Y TR
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S, MR 516 GEHHE 22 7 R IA B B & K D 8
H5 10 A 845 # 25 Rk 5 B 3 KOF , 20 5 [m
£, H10~15em +J2,8 AN HIERE S
BEES A .6 AR 10 AW T 0.08 g em ™ .0.10 ¢
em CFI0.14 gem P, 56 A0 A2 RKE BFH;
15 .6 AR 8 ], k& 14 5 R il
GERHE 22 IR B K, 8 H 22 oK, DA
A o HF R % GE BF 1R 4R N 0,15 g em T A
0.17 gem . DHE8 AMEWRE/N, FEREHF
(7T H2H)Z—WHENEEEN, S ZZIH#HETT T K
T 20 em PYIRAS , 2 M+ HE R SR i L3R
FLBR B BRI T 2800 LI

LE B A R R, S B BR BE R A R B Bh -
B ARERRR, FEVHEAERARE, EAA
ZEWEFUA N E, LI R EAYE R 1.20 ~
1.30 g em 7, R OAELE 5 AE PR LHER BB K
HARFERE 5 DB A St Bk o AP Bk, 22 B
T IR E WA N, M2 T AT IR,
HAS 2 A A% B AR A AR W) WUER Ja B AT i
BF, 26 AFH/DNHEN KRR, BIHERERKK,
2.2 tEABMEARGKSEFTTH

K 5¢ 3% W 20 Bk G Bk T 4 SRR AR vk
PR SR A B30, o A L R /N R Eb 61, 52 W) £ 498 25 4 R
et TR S e K R PR 2 Bt R

B+ 3Tl I EE S, KT 0.25 mm KR M A
L (WR, ) 5 57 [ R AR ) 5 R 1 4= 1ok £ 1Y
S R A E L, X 4 AR i B 4R AR
0~10 em + 2,5 A0y, bt AL SR B WR, s & &
e K, B BT R) R 2 e, A = A5 5 A
BRI N, DH WR, & & B 2R B
A5 RHEMAEGERAERE R B E 6 M8 A
By ,WR, s K/NRIL R NT > RT > CT, H i e 5 2>
FER A E B 5EEMEERILD 5% W
FAKF10 A4y, D WR s & B & KT 8kl
LGB AVE, 72 10 ~20 em + 2, = Flkb 3 )7 L T
WR, s i ) 2 AR H, F 22l T REW S8
(R BT S - 2 S 57 ) & S ZE 3 N
IhEETE 8 H Ay WR, s &5 5 AR A3 8%
Ko 5 7.6 AR 8 bk WR, s 53 il 815 G Bk AE
5 2.84% 0.08% F12.57% ,5 A F18 A2 FikF 8
FLRPHEC A WR, SR EF S5, 10 A
B =FBHE WR, s RN EF AN FEH . 76 20 ~ 40
em 12,5 J/0# WR, 5 & &8 55 518 S b fi % 5t
HEVER 4.92% F13.82% iK% 5% K P EERE, 8
HA#t WR, 5 & & i F K T 8 A e Bk, At
AMERARF(FK2), L LAHL7E0 ~20 cm 1
2, = RERE DT WR, s & B Z 15 A8 1k 2 B /D
B B WR, s T B FE G B | D R

R2 ARAMEAETELE>0.25 mm B kRUEARGCRETSBRFHEEER

Table 2 Contents of and mean weight diameters of soil water stable aggregate ( >0.25 mm) in various soil layers of farmlands under

different tillage treatments

> 0.25 mm /K2 E BRI T 53 4K

TEHRE

- 1y o AR

fib 3 Water stable aggregate content( > 0.25 mm) (% ) Mean weight diameter (mm)
Soil depth
(om) Treatments 5 6 A 8 A 10 A 54 6 8 H 10 A
May June August October May June August October
0~10 NTV 93.28aA 87.28aB 89.87aB 82.26bC 2.35aB 2.33aB 3.07aA 2.17bC
RT? 87.37bA 86. 75bA 88. 02bA 86. 12aA 2.31aB 2.34bC 2.45bA 2. 46aA
cT? 91.98aA 81.83bB 82.46bB 82.97bB 2.23bB 2.35aA 2.36¢A 2.12bB
10 ~20 NT 94. 40aA 91.75aAB 90.55aB 86. 67aC 2.58aB 2.56aB 3.36bA 2.49aB
RT 91. 56bA 88. 46bB 87.13bB 86.33aB 2.57aB 2.20bC 3.51aA 2.51aB
CT 90. 32bA 91.67aA 87.98bhB 85.51aB 1.84bB 1.63cC 2.10cA 1. 88bhB
20 ~ 40 NT 85.75bB 88.52aA 84.11bB 81.59aC 2.47aA 2.22bB 2.57bA 2.00bC
RT 90. 62aA 89.45aA 88.29aA 79.61aB 2.49aC 2.65aB 3.01sA 2.54aBC
CT 86. 80bA 87.75aA 87.39aA 80. 16aB 1.55bC 1.62¢C 2.03cA 1.91bB

D)NT bk ;2) RT: APF;3) CT AR GEME . R P R — S A — TR, i Jm TR A /NG iR R 257 B8 (p < 0.05) 5[/ —47 [ — 4k B,

AR AR KRS F R REFEE(p < 0.05) Note: Data followed by different lowercase letters in the same column and the same soil depth are

significant in difference (p < 0.05). Data followed by different uppercase letters in the same row and the same treatment are significant in

difference (p < 0.05)
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e E, DB RE S R R 2 L1, P EE
HAE(MWD) Sz A R AR K /N A, AR B OR 26w ]
PR A 1A 56 e, R E MR AR, £E 0 ~ 40 em
+ )2 A A K B R D BE 4 A R AR ) MWD
¥ 5 R T AL G E, Ul B G Bk Ak 4 1 A 2R ik
R RO TAE S HAE 4 0 ~ 10 cm (10 ~20 cm Al
20 ~40 cm )24 BRE] ) MWD 22 55 —3(, I 222
g2 2O B g 4k L 20 ~ 40 em + 2 Bk MWD 5%
GHHEER AR E . VIR K, &L+ EH R
iy MWD Z=95 A8k K Bk 8 H 80 K+ HiAth H
oy, FLJF A AT BE O AR T UK A1 R AR 5 )N
Y SR A4 A1 3R A R e PR 18, T R T A RN it
HERHR B A AL &, KA KM B ORAR R i 3 £
% AR R E
2.3 TEEAKONEREZETETWL

I PG A B 3R E A B R e 1
HEABHE S 55, O E R K R B 4 A B g
R, TH e E R . RIEREA
B, A R T WK B8 A 2 g,
W (R 2 W R 2 7 A M BUK A B 8 AR I M K
A B RN 3 /N - 3 R A8 i ), e AN T AR

Tio WA 3 FiR, =F#HE D W 24 & B s A B
R A, A E T 16 mm min 'L 1 AR 0B
SEGHHER .6 AR 10 F {5y 28 & 128 V6 (90 1k
ABHR, it 5 OB K FAGEHAE. 6 AL
2B 1 25 5 K, b A0 0 BR (0 ) 16 A8 S5 Ry
G B 1.90 550 1. 54 1%:8 A M &5 8k 1k &
3 BB b A S 353 )k G B A Bk 1. 35 %A
1. 64 %, i T 2B VR, D #E 2270 (00 i A5 %
5300 R R RS AR 129 £ R0 1. 33 £, B 2
ME BT TR P B A 2% b R AR B AL E A . 10 A
MR MNES K, b2 G WP i A B HE (k5
30.72 mm min "', R/ HEY 1066 £ 15 G HF1E I
1.76 fi5 AL GEHEVE 2270 B0 1R A B 3R AR, AUH
16. 38 mm min ' ,/N T/ EER 19,57 mm min "' Fll
HapFE 24.21 mm min ™', =ABEE TR T R
EABREMNESENRKT G, 6 AR & ubme
BRI AB R RN, B 25 WK, bt
B ABEFE N 4.37 mm min ' K T HEH
5.06 mm min ', {25 FAESEHAERN 3. 16 mm min ",
AL, 6 A 0y BE A A B PR T L G BE
1E;8 A 2R E AB# AR A NT > RT > CT,
MBI 25N 10 Hh ek 26 L8R EAB &
AR D BE AL G 1. 78 A5 R 1.6 £, B F
AN B BE A B T REL T DB S R SR

= 30

E s 6HZA SHZA 10HZA | NT: %t
% E 20 Ridge in June T Ridge in August Ridge in October No-tillage
=
A 15 o RT: bk
<L g 10 Reduced tillage
5 =
G T | CT: AR GERHE

3077
25
@ 201 )
BB 15}
PERL
5.
0.

8H 2

Furrow in August

Conventional tillage

Infiltration rate(mm min™) Infiltration rate(mm

0 10 20 30 40 50 600 10 20

30 40
fist ] Time (min)

50 60 0 10 20 30 40 50 60

B2 AFAGARFEBAET T 8K A A

Fig. 2 Infiltration rate under different tillage treatments in different months

ARAL R A DXCHRE K B R Y KR R AR
15 7—8 A4y, NIt , i i 31 i) - 37K A8 1 A H:
SR, T R K T A R R A R AR, K

SRR I E 4R R B LD BE A e B AE
FE R IR B SRR A B R IE G 73 I 6.56
4.89 1 4. 14 mm min ", 22354 5K 4. 13 4.83 F0
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¥

3.12 mm min ", B SF A0 BE EHEA B PEREL T
G BE, & AR E S &M E D> T 1% 58
P, 33X 5 W0 45 SRR 3, 3R I g F N b BFOK AR
MR R ARG RE ., &b B ) £ HEA B R,
FEZRIZLEY ARG ES . EAFT G, %
FEVE T 20 45 B e AN ), xoF 4 98 1) 46 20 A B AE A
25t o EGEHHER TIEI S R K Z, UK
SEARKZESEAT T A 2B AE Ml , BT 1 A AR A
ARG W B A 4 HE 0152, A 98 SR 5 i Bk 4R
BIRED EE AN B 4, AL B 25 A B IR
N, FIERUE ABE R R TEGHAE, X 5 Radcliffe
SRS R — B T ORI A DX HEITER
D E BRI XoF 4% Ak 34 () 25040 R i 47 48 1 4 B, R fig
Wi 2ZREREE.
2.4 TESKESFTHHTL

e E IR e - E KRR RE ), 2=
ARG R B, K A B R T L R A A
K i K B T 5 7K Sk 349 i 5 o 3 R a8 e, 1T - S K
A5 Al XoF K 8 B A 0 0 KRR A 7 AR R
AR T B RS K E R 0 ~20 em £ 2K
S KE . L HEHZE & K & A48 4w R 4 ok g A
MrEt(E3) ., B—MBhae ARZE6 A al, b
(] it 5 3% R 2 1) 3 O, = AoBk 4R O T Y K
EHRAB T RS, Bebt LS KkER T
PERUE G ME, b 5 3 10 H & 45 1 0 2% 5 &
K, k28 & 35 K a5 51 ok A Bk AL e HEVE

mmmm % 5 Rainfall —a— NT: %t No-tillage

-~ RT: Zb# Reduced tillage

1.39 % F1 1. 60 A5, 2838 % 7K &8 W) 73 531) 5 /0 A A 4%
GiHEEZL 9.37 Fi1 10.53 A~ H 4 i, D #E 5K
HIE4 ARES AW R TAEGEHE, 15 P 2%
SN HBTBBCON 6 HH A E 6 AR, Il
A FERT, =R R b S K I R B T R
B RS MR LS K TR R — B
Ja AT BT G AN T A B AL G BR AT R R R L £
Bezgkw R, HRKENERAL —~HTREMBEHE, 6
J1 28 H5E #Y G Bk b 3 5 oK a3 oy A B AL Gt
BEAEE 1. 45 £5 0 1. 35 7%, 28 S e KRB B 35 K F .
BN T AR 8 H R, TE M R) B R LA AR
Ho 7 ARIIT IR I E SRR TR, 45 Ah B A 00 K
R MFFL R EHE, 7 H 11 HWES R R4
SRR, o S BF 0 ~20 em BHRBIE KRN
54% 43T T EARRN K B B0 BERNAR e BRI
6.27 FI 5. 90 AF 4 A, {5 = Fh Bk 75 X 22 38 3% K
w2ES/N, T AMAIE 8 A, &4 B+ E K R
AR A B T A AR A AR [R] DB AAE G Bk A 22
£ S K AR AR B RO, TS B K R
PR BE BN FE AR HE R e 40% ~42% . BEAN 8 H,
SREEHE DT B R SRR T H A
TR 52 R TR A R /INAE AR e A )N & A RR) 22 SR
B, FEIE 8 My B RFE KRR, M P w5 Wik F
R K BRI R, PR AT IR (IR
FATREE >20 cm) , 2838 £ 385 K8 K T G bk A% e
EAHZESARE, HMUHBN 9 AP 2 10 7y,
--0-- CT: f£45#4F Conventional tilla%e\

S

50 = 60 £

’é 40 (a) 4 50 _ﬂgg
mm g/ R [ 7] N 40 :ﬁﬂ E
g 30 T toin )L R~ X3
¢ S 0 ] A k K £ 3 130 B2
EE 20 i Sy W 22
& g o e ; 42 m3s
il | L e

N T T Y 1 N O T O P
2011-05-01 2011-06-01 2011-07-01 2011-08-01 2011-09-01 2011-10-01 3
HH#) Date (yyyy-mm-dd) S

50 - 16 £
T4 ® 1% ES
mmé 30 u:::ii«v'- T T g I %‘\Eg
B= gege ' 4130 x5
®E =R BT 2o
£20 7 <000 L T 1 % %;
=4 5]
o], )l b b Ly TR

0 o . | . ||| ! Nl I I ” | \ | . il I . 0 g
2011-05-01 2011-06-01 2011-07-01 2011-08-01 2011-09-01 2011-10-01 3

H#) Date (yyyy-mm-dd)

K3 REBHET T L E KA (a0 265D 223)

Fig. 3 Seasonal variation of soil water content as affected by tillage practice (a. ridge; b. furrow)
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Fig. 4 Cumulative runoff and soil-water loss as affected by tillage practice (a. runoff; b. erosion)
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SEASONAL VARIATIONS OF SOIL STRUCTURES AND HYDRAULIC
CONDUCTIVITIES AND THEIR EFFECTS ON SOIL AND WATER
CONSERVATION UNDER NO-TILLAGE AND REDUCED TILLAGE

Chen Qiang'®  Yuriy S Kravchenko'? Chen Yuan' Li Xufeng' Li Hao'* Song Chunyu' Zhang Xingyi''
(1 Key Laboratory of Mollisols Agroecology, Northeast Institute of Geography and Agroecology, CAS, Harbin 150081, China)
(2 Soil Science and Soil Conservation Department, National University of Life and Environmental Sciences of Ukraine, Kyiv, 03041, Ukraine)

(3 Unuversity of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Changes in soil physical properties in the surface layer (0 ~20 ¢m) on a sloping farmland of Mollisols un-
der no-tillage (NT) , reduced tillage (RT) and conventional tillage (CT) , separately, were monitored throughout the en-
tire crop growing season for comparison to explore differences between soils under tillage patterns in seasonal variation of
soil structure and hydraulic conductivity and relationships of the variations with soil-water loss. Results show that soil bulk
density in NT varied slightly, remaining in the range of 1.20 ~1.30 g ¢cm °. NT was higher than CT in content of water
stable soil aggregate > 0.25 mm size (WR, ,;) and mean weight diameter (MWD) , higher than RT and CT in initial and
stable soil infiltration rate, 4.68% and 4.44% higher than RT and NT in mean soil water content, and 86% and 100%
lower than CT in runoff and soil loss, respectively. RT ranged between NT and CT in all the measured properties,
throughout the season except in summer. In RT, deep tillage of the furrows in summer significantly lowered soil bulk den-
sity in the furrow, at least 0. 15 g ¢cm ’ lower than that in NT and CT, thus increasing the initial soil infiltration rate by
30% or more. RT was 20% and 40% lower than CT in soil and water loss, respectively. In CT, soil bulk density in ridge
increased from 0.91 g ¢cm  at the seeding stage to 1.23 g cm ° at the harvesting stage, and that in furrow remained
around 1.30 g cm °. CT was lower than the other two in WR, ,s, MWD, soil infiltration rate and soil water content. It

lost 10% of the rainfall it had during the entire the crop growing season and soil at 615 t km > a '

. NT was rather stable
in soil structure and the best in soil-water conservation among the three. Hence, it is a tillage practice significant in soil-
water conserving effect. RT is also a practice that has some soil-water conserving effect. And both of the practices help im-
prove soil physical properties.

Key words No-tillage (NT) ; Reduced tillage (RT) ; Soil structure; Soil hydraulic conductivity; Seasonal varia-

tion; Soil-water conservation
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