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Effect of Short-term No-tillage on Soil Water Physical Property of Soybean Field

in

Black Soil Zone

JIANG Heng'* ,HAN Xiao-zeng' ,ZOU Wen-xiu' , YANG Chun-bao'

(1. Key Laboratory of Mollisols Agroecology, National Observation Station of Hailun Agroecology System, Northeast Institute of Geograpthy and Agroecolo-

gy, Chinese Academy of Sciences,Harbin 150081 , Heilongjiang; 2. Graduate School of Chinese Academy of Sciences, Beijing 100049 , China)

Abstract: Tillage and fertilization are two important factors impacting soil water physical properties. For finding out the effect
of tillage and fertilization on soil water physical properties and their interactions, we researched the influence of four treat-
ments, including chemical fertilizer plus traditional tillage( NP + CT) , chemical fertilizer plus no-tillage( NP + NT) , no-fertiliz-
er plus traditional tillage( CK + CT) and no-fertilizer plus no-tillage (CK + NT') , on soil water physical properties based on long-
term field experiments located in Hailun Agricultural Ecology Station of Chinese Academy of Sciences. Compared to traditional
tillage , short-term ( three years ) no-tillage significantly increased the stability of water stable aggregates with increased water sta-
ble aggregates contents ( >0.25 mm) by 9.03% ,and also increased mean weight diameter and geometric weight diameter by
10.90% and 20.39% . There were no interactions within tillage and fertilization, but tillage practices could account for more
variations of water stable aggregates’ stabilities , compared with fertilization. No-tillage significantly increased soil bulk density,
and decreased soil total porosity, capillary water content,saturated water content and field capacity that in 0-10 cm soil profile.
Fertilization could only explain the variations of capillary water content in 0-10 cm soil profile significantly,and it had signifi-
cant interaction effect on soil bulk density with tillage methods. Considering tillage practices and fertilization, tillage practices
could explain more variation of soil bulk density,soil total porosity,capillary water content, saturated water content and field ca-
pacity. Tillage practices and fertilization had no significant effect on soil water physical properties in 10-20 cm soil profile. So,
tillage practices are one important factor influencing soil water physical properties in study site.
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Water stable aggregates content under no-tillage and traditional tillage systems
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Table 1 Effects of tillage practices and fertilization

on the stability of water stable aggregates

Ab P >0.25mm MWD GWD

Treatments /% /mm /mm
CK +NT 38.91a 0.900a 0.654a
NP + NT 38.23ab 0.848ab 0.627a
CK +CT 36.48b 0.819b 0.569b
NP + CT 34.27c 0.708¢ 0.495¢
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Table 2 Anova test to effect of tillage practices and fertilization on stability of water stable aggregates
TiH RERR 5 A ¥75 » .

O1g.

Items Source Sum of squares DF Mean square £
>0.25 mm Jite A 6.992 1 6.992 7.295 0.027
HHE 32.21 1 32.21 33.605 0.000
AL x B 2.151 1 2.151 2.244 0.173
WMD (201 0.020 1 0.020 25.034 0.001
B 0.037 1 0.037 45.803 0.000
T AR x BEAE 0.003 1 0.003 3.193 0.112
GWD it AT 0.008 1 0.008 11.274 0.010
BHE 0.035 1 0.035 50.913 0.000
AL x i 0.002 1 0.002 2.377 0.162
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Table 3 Effects of tillage practices and

fertilization on soil bulk density and total porosity

TERE Qb3 A

Soil depth/cm  Treatments Bulk density/g+cm >

LB EE
Total porosity/ %

0-10 CK +NT 0.9550b 63.96b
CK +CT 0.9128¢ 65.55a
NP + NT 1.0374a 60.85¢
NP + CT 0.8933¢ 66.29a
10-20 CK +NT 0.9246a 65.11a
CK +CT 0.9523a 64.06a
NP + NT 0.9439a 64.38a
NP + CT 0.9439a 64.38a
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Table 4 Anova test to the effects of tillage practice
and fertilization on soil bulk density and total porosity in 0-10 cm soil depth

it H BRI -5 e B ¥y v S,

Ttems Source Sum of squares Mean square
Faxin Jiti AL 0.003 0.003 6.79 0.035
Bulkdensity HHE 0.023 0.023 59.567 0.000
HEAE x Br1E 0.007 0.007 17.828 0.004
SALBREE Jiti JIE 0. 001 0. 001 3.923 0.088
Total porosity BHE 0.002 0.002 15.178 0.006
MEAE x BhE 0.001 0.001 3.428 0.107
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Table 5 Effects of tillage practices and fertilization on soil moisture characteristic constants

TR busi] BESKE LA K FH ] 45 7K o
Soil depth/cm Treatments Capillary water content/%  Saturated water content/% Field capacity/ %
0-10 CK +NT 41.75a 48.67bc 28.78a

CK +CT 41.15ab 52.91a 26.35b
NP + NT 37.96b 47.04c¢ 30.50a
NP +CT 39.27ab 52.18ab 26.28b
10-20 CK + NT 42.43a 50.70a 26.89%a
CK +CT 43.10a 51.02a 26.52a
NP +NT 42.0la 49.89a 27.56a
NP + CT 42.15a 52.15a 27.24a
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Table 6 Anova test to effects of tillage practices and fertilization on soil moisture characteristic constants

T H R 7 H Yo7 - 5
1g.
Ttems Source Sum of Squares DF Mean Square
EESKE i 21.508 1 21.508 7.402 0.03
Capillary water content
HHE 0.339 1 0.339 0.117 0.743
MENE x HEAE 2.441 1 2.441 0.84 0.39
TR F K iy 3.656 1 3.656 0.972 0.357
Saturated water content
HHE 58.761 1 58.761 15.625 0.006
MEAE x BEVE 0.534 1 0.534 0.142 0.717
HH [k iinilul 1.797 1 1.797 1.564 0.251
Field capacity
HHE 29.408 1 29.408 25.598 0.001
WEAE x #F1E 2.132 1 2.132 1.856 0.215
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Fig.2 Effect of no-tillage and traditional

tillage on water content in soil profile

HiR 5T

R R ARBEAS TGN 0 ~ 10 em + 2 AT &
R ESLBE & KEMEE FKES,H
SRR A SO S 0 ~ 20 em 4 HEK R M KA
B o i R A e P, X e R BT T KRR
PR, et g4, 48 i - i e B AR
Flo AT 365 T 5, Bk AE A8 3 Bk ZR ik
R S KR A AR S A R K K
RES1o —HLASRIET BAstifh A X + ey B | A= 9 A
AT SR E AN 7S G R e~y Ve S 1
TEARGEHE RS, AL AR A7t A k2> T > 0. 25 mm
KR MR B A & 1, [l B MWD T GMD {1 3%
BR it FH AR (R b #8855 T T IE b 28 X nT e 5
00 Bt fE AT S 3 4 S B TR AL, R A T 4 4
TE RS E (KA RARA e, FE RPN T R
H T AL AR R

BEAEFNE A 2 520 1 3K W PRVE R Y 2 N
BRZE , J5 2500l FA5 2IBHE X + 30K R A1 8
PRFRE M I B R T A, R B — 35 2 [ 1 38 B
YERANEA . T2 #T 0 ~ 10 em 42 H 345 WoR
BHEREIE X% )2 IR RS BRI, B
T0~10 em+ )2 HIEEE & KE LIS, $EXT 115
TR ER BT ) 52 B R T Al . PRE, R ST IX
PAFVE 2 42 - 8K 53 PR T A9 — 0 o L4 7t

S 3k

(1] wREs ORI MR B AR n AR 3 5 & et i [ 1] i
e Bl27,2007,40 (12) 1 2702-2708. ( Gao W S. Development
trends and basic principles of conservation tillage[ J]. Scientia Ag-
ricultura Sinica,2007,40(12) :2702-2708. )

[2] Zhou H,Lv Y Z,Y Z C,et al. Influence of conservation tillage on



380

K TR

344

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

soil aggregates features in north China plain[ J]. Agricultural Sci-
ences in China,2007,6(9) :1099-1106.

WE2 2R 2R AR T E R R E T R T — R
PAHESEY 7= [T ], ROl 57, 2007,40 (9) - 1914-
1924. (Xie R Z,Li S K,Li X J,et al. The analysis of conservation
tillage in China—Conservation tillage and crop production; Revie-
wing the evidence[ J]. Scientia Agricultura Sinica,2007,40(9) .
1914-1924. )

VKA RS, TR, A5 IR A 3 ORI 2 A
B ;R IR A AT L] EfOl R ,2009,42(2)
469-477. (Tang Q X,Xie R Z,Zhang J X, et al. Analysis of con-
servation tillage pattern and the factors influencing farmers adop-
tion in typical ecological region in China[ J]. Scientia Agricultura
Sinica,2009,42(2) :469-477. )

RUGFYE, L3, D75 455 BT I BAE K 3K 4 K
PRPEBTSEm [ 1] AR 24 ,2011,22(1) :99-104. (Yu H
Y,Peng W Y, Ma X, et al. Effects of no-tillage on soil water con-
tent and physical properties of spring corn fields in semiarid region
of northern China[ J]. Chinese Journal of Applied Ecology,2011,
22(1):99-104.)

R, ZR 2L R, B S S B L AL AE T 5 DA [ Ff A A
O Rk g 2 [ ] K R AR FRAT ST, 2005, 12 (5) : 122-
125. (Gao W S,Qin H L,Zhao P Y. The effects of different plant-
ing modes on wind erosion from cropland in arid region of north of
Yin Mountain of Inner Mongolia[ J]. Research of Soil and Water
Conservation,2005,12(5) :122-125.)

ZIRIB. AL 5 A — AT A AE X B PRI [T ] BEAE
541 ,2003,18(2) :5-10. (Xi Z B. Fertilizer and agriculture—a
brief review on the effect of fertilizer on modern agriculture [ J].
Phosphate & Compound Fertilizer,2003,18(2) :5-10. )

B, EAE A AT S R[] Pl TP R
.,1998,7(1) :64-67. (Hu X F,Wang X J. Agriculture and soil
changes[ J]. Tropical and Subtropical Soil Science,1998,7(1):
64-67.)

KBTI, AR A0y, 45 (g b b M2k 25 R R B L B R
TERIBFFELT] . K AR FFRIFFY ,2006,13(1) :18-20. (Zheng Z C,
Li T X,He S Q,et al. Research of ecological problems and counter-
measures on the soil of greenhouse[ J ]. Research of Soil and Water
Conservation,2006,13(1) :18-20. )

WA, TR , B, 45 TG A A X L AR =k R
Yy BTRRE R ()], vh I A 2l 4z, 2007, 23 (12) :244-250.
(Yang G,Zhang Y P, Wei J L, et al. Effects of long-term chemical
fertilization on soil physical properties of three soils in Shandong
province [ J ]. Chinese Agricultural Science Bulletin, 2007, 23
(12) :244-250. )

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

BRLER, E5P T, REW, A5 WA DR R 30K 43 3 35
SPHASAEDTIELT]. Al R % 545G F5E,2003,19(4)
252-255. (Han X Z,Wang S Y, Song C Y, et al. Research of fea-
ture of the dynamic balance on the soil moisture in farmland of
black soil in Hailun district[ J]. System Science and Comprehen-
sive Studies in Agriculture,2003,19(4) :252-255.)

ARSCTE I, ST AR WAL b K S A AR R RIK
Sy R R sEm [T ]. R ERE,2009,23(3) :487490,494.
(Zou W X,Han X Z,Wang S Y , et al. Effect of long-term fertiliza-
tion on soil evaporation and water use efficiency in soybean field
[J]. Soybean Science,2009,23(3) :487490,494. )
SR, TR A ), 4 B R R R R IR B R S
BYsZm [ J]. + 38,2005 ,36(3) :313-316. (Zhang X P, Fang
H J,Yang X M, et al. Effects of no-tillage practices on temperature
and moisture of a black soil in the spring and early summer[J].
Chinese Journal of Soil Science,2005,36(3) :313-316. )
TR, 52 . BEERE X B Lok AAHZ K S s [T]. 7Y
FRFM (AR R) ,2007,29(3) 1 121-124. (Yu T Y,
Zhang X Y. Effects of different soil tillage systems on soil water in
the black farmland [ J]. Journal of Southwest University ( Natural
Science Edition) ,2007,29(3) :121-124. )

FX, ARG, e, A R R KRR P SR A T iR Y
[J]. 4l RG24 5 28 A 0F 95,2007 ,23 (2) : 138-140, 145.
(Wang F,Li H B,Han X Z,et al. Study on the method of measur-
ing wet aggregate in black soil[ J]. System Sciences and Compre-
hensive Studies in Agriculture ,2007,23(2) :138-140,145. )

Li H B,Han X Z,Wang F, et al. Impact of soil management on or-
ganic carbon content and aggregate stability [ J]. Communications
in Soil Science and Plant Analysis,2007,38 :1673-1690.

Van Bavel C H M. Mean weight-diameter of soil aggregates as a
statistical index of aggregation[ J]. Soil Science Society of America
Journal ,1949 ,14 :20-23.

Gardner W R. Representation of soil aggregate-size distribution by
a logarithmic-normal distribution[ J]. Soil Science Society of Amer-
ica Proceedings,1956,20:151-153.

Six J, Paustian K, Elliot E T, et al. Soil structure and organic mat-
ter; | . Distribution of aggregate-size classes and aggregate-associ-
ated carbon [ J]. Soil Science Society of America Journal,2000,
64 :681-689.

R, BGE H R S BP0 A AL e T SR 1
FAE R RZ M [T ], v 1 A lk )27, 2007, 40 (9) : 1973-1979.
(Zhou H,Lv Y Z,Yang Z C, et al. Effects of conservation tillage on
soil aggregates in Huabei plain, China [ J]. Scientia Agricultura

Sinica, 2007 ,40(9) ;1973-1979. )



