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Table 1 The soil basic chemical properties before the experiment

R AL o o ol iR 2R A A
S 'Tl > Soil organic Total N Total P Total K Alkali-hydro Available P Available K
Soil layer
( ); matter content content content nitrogen content content
cm
(g/kg) (g/kg) (g/kg) (g/kg) (mg /kg) (mg /kg) (mg/kg)
07~20 4.541 1.302 0.596 5.918 36 .567 3.453 148 4
20~~40 1.633 0.897 0.181 5.530 18 .903 2.017 142 .1
40~60 1.342 0.895 0.058 5.792 12 .140 1.818 137 .1
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REFEERRICT 3 fUBRAES Ty 7 i Eife
A 3AEE  LMESEAT 2 S AT
14 BEAESHHT

JH DPS 6.55 % i Ak AR 15 3R 47 G2 3t o3 Hr
Duncan #5222 1k 2 5 LA E0E | IR R AR H
Excel 2003,

2 iS5t
2.1 MRS RSN LI S HIR
210 AEEARFAFGYH £ 2 DR B

PRI PEBE ARSI 50 A2 A L 3 4R
FHHEAL B G A WL S A ain . 1E 0

~20 em FJZH,2008 A7t AE | H At AE A0 T AR
AEFER ¥ DL S A B A A AL R N TR
FEIRRALEL ( P<<0.05) , HLIRFA AL FE B & 1 Bk
AbE,2009 AT 2010 4F =it AL AL BE R I LLE P b
P SEANL S B T Rgt e, RS
B2 R B2 (P<0.05);7F 20~40 em L2,
2008 AT 19 i A Ach 3T 351 DA A B A AL 5 B
15 T URBA RN R AL 3, 0 LAYl it AT A JC A b 2
PR BE (P<0.05),2009 4 P-4 i AL BT LA A
HRL B A A AL 1 B R T UR A A B Ak B
(P<<0.05) , "% #jiti N AR AR AE b 2R + A LT &
TR R T AP RIE AL B 2010 4F = FitiE Ak

R2 EYBRBELEESTEFIREE

Table 2 Content of soil organic matter in harvest stage

AN [RVAF iy b A WL 5 ik LA (g /kg)

Comparison of the content of soil organic matter in different years

Treatments RN ORI i T nt e
(em) Foundation soil 2008 2009 2010
before experiment

it A S B BNT 9 .43c(a) 14 .52b(a) 15 42a(a)

- il AT VA B BSS 5.19¢(b) 14 .99a(a) 15 .46a(a)

- it AL BH#F BDP 4.64b(b) 13 .42a(b) 13 .8la(h)

HHUEAC S Ak CNT 7 .96b(a) 14 .12a(ab) 14 .42a(a)

0~20 B UG AL TR CSS 4.54 6.80b(b) 14 .35a(a) 14 .71a(a)
B U §HAF CDP 4.66¢(c) 12 .8la(h) 13 .47a(b)

TEHE (IR S Bk LNDONT 7 .27c(a) 13.65b(b) 14 .3la(b)

TENE ARJEOTEFA L(N)HSS 5.06¢(b) 15.18b(a) 14 .78a(a)

TEIE IRNEHEHE LNODP 4.79b(h) 13.27a(b) 12 84a(c)

At A S B BNT 8.02¢c(a) 12 .79a(a) 10.51b(b)

A it S R A BSS 3.89¢(h) 9.35b(b) 12 .16a(a)

STt IE B AE BDP 3.62b(b) 10.32a(b) 10.71a(b)

HHUEIE S CNT 6.62b(a) 11.01a(a) 9.50a(b)

20~40 B UG IE RS €SS 1.63 6.31b(a) 11.95a(a) 11.90a(a)
B WU AL BHBE cDP 6.13c(a) 11.33a(a) 8.61b(c)
TN AR S B L(NONT 8.92b(a) 12 .24a(b) 10 .78ab(b)

TEE ARAEDOTEFA L(NDSS 1.85d(b) 13 .52a(a) 11.90b(a)

JENE (RO BEHE L(N)HDP 3.50b(h) 10 .13a(c) 10 .41a(e)

At AT S B BNT 5.49¢(a) 12 .36a(a) 11.22b(a)

S it ME R A BSS 3.33¢(b) 7.72b(b) 10 .83a(a)

- it AL E#F BDP 3.14c(b) 7.66b(h) 11.35a(a)

B AL S BF CNT 9.85a(a) 9 .96a(a) 10 .31a(a)

40~ 60 B UL GRS CSS 1.34 5.16b(a) 9 .36a(a) 10.73a(a)
H R T B AR CDP 3.94b(a) 9 .92a(a) 10 .52a(a)

TENE ARAE O S L(NONT 6.06b(a) 10 .50a(a) 9.97a(h)

TENE AT LN)SS 2.02b(b) 11 .10a(a) 10 .11a(a)

JENE (R IEHBEHE L(N)HDP 3.10b(b) 8 .8da(h) 8 .6la(c)

T [RSNGB R R AT AN [R5 5 N B /NG 5 834 327 40 B 8] 22 57 1 2 ( P<0.05),

Notes :Different small letters in the same column and those in parentheses in the same line mean significant difference at 0 .05 level among treatments .
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Notes :Different small letters mean significant difference at 0 .05 level among treatments , and they are the same in the follows .
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Fig.1 Effect of different tillage and fertilization treatments on alkali —hydro nitrogen content in 07760 cm soil layer
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Fig.2 Effect of different tillage and fertilization treatments on available P content in 0™~60 e¢m soil layer
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Fig .3  Effect of different tillage and fertilization treatments on available K content in 0760 cm soil layer
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A St A AL P - B S 1 B R A R R A
T TR AR R it ARG A Ak 28 - 39 A
K ERE RS, BEE PR R E ST A B AE
K TR EE T G Ah B 2 A
I T AR A B B R 2
A 2 DU T T R BRI A B 7 A% it 9 A it
AEFREAS B HLitE AE AR AE CEAED AL FE R TR
AbFR AR 12 A s R B O S T e B AR
)2 RO S R WIS T SR B b
2.2 AEHIRSHELBRIEED =KL F]
A=

PR/ — R ok —&/NERAEH AR RTR] i
NEALFETT 3 BRHEAE AL BRAERY) ™ it FK 43 I R R 22
S (G 3), LIRMAML BR & /N A R B oK
FAK AR FHARCR e SBIRFR 2 AabF AL, 2007~
2008 AT TR R RHAIR A /N S 1 7=t 5 G Bk 40 1) 34
7726 .97 FI1 5 .3% sIRFAFNEIEE WUE -2 {57148
S 41 .1%0 A1 15.2%0 , 2009 AEIRAA FIEBIHE T

KA 7= i B Bk A i e 11600 1 1800 IR AL
FBIHE WUE -3 73 90 5 S #F WUE #2155 15.9%
7.7, 200972010 AFRAS A BB AC /N2 SF- 247
RGBS BIHE 7= 19 .50 AT 11.8%6 5 AR AN B0 B
WUE “F-B{E 7 B e 44 .006 110226,

AN —FF Bk — &/ NS E I LEAS A
YEANSHTT 3 Ffrita A AL BEAE 9 7 2 FIK o3 I HRICR 25
SR GR 3) LU A it AR f s LR AR YR
TeNE A AR B AR, 2007~ 2008 4F - £ it JEL |
HHURLAE 73 34 TCAEE 7= 54 306 F1 14 .20 5 F- it
JIEL 8 B AE. WUE SF- 25 {8 23 531 # JE IR B 5 38 .76
118, 2009 AFF-Arifi AL | 5 K ite A 4 51 2 I AT
B 29 1% A9 A St A | H R AE WUE -
PE A SR AR s 24 7% F1113.0%6 . 2009~~2010
AP £ it A H R A 4 1) 45 TE B 36 7= 28 206
16 .60 s FAHEAE | H HUMEE WUE - 539 48 T8
REHR = 35 .2% A1 22.7% |

®3 ARMEEMHELEAS TENEMEERTENKRSFARE

Table 3 Yield and water use efficiency of winter wheat and spring maize under different fertilization and tillage treatment combinations

20072008 & /N

Winter wheat

2009 #F E K

Spring maize

2009~2010 & /INFE

Winter wheat

AEW

AHEW

CENER ]

LOEE 7K 53 F 7K 53 F K43 F
Treatments SRSy Fedi ol % JEFEK PRI N, BRI A iy v
) JHCE . ikiES . EEYES
Total water Yield Total water Yield Total water Yield
onsumpti (kg /hm®) WUE ti (kg /hm”) WUE : ti (kg /hm”) woe
consumption o Cke/(hZerm ) consumption ey Cke/ (hnemm ) consumption o Cke/ (e rom )
(mm) (mm) (mm )
q:@ﬂif\??%ﬁ 458 .1 5561 .1bc 12 .5bed 414 .7 8427 .8b 20 Aded 293.0 4783 .3de 16 .3d
Y. IR
q:ég?ii?”Kﬁ‘ 450 4 6909 Aa 18 5a 384 .6 9688 .9a 25 2a 242 5 5588 .9a 23 0a
:F@IfDHE L 395 .1 5934 .8ab 15.3b 381.7 8686 .1b 22.7h 310.3 5333 .3b 17 2¢
A 01 3
i %Lﬁfl\?s%ﬂ 432 .1 4270 .2def 10 .1de 374 .8 7355 .6¢ 19 .6d 296 .9 4316 .7f 14 .5f
A 4 R AN
i %AHC@SHE TR 450 .5 5092 .9bed 13 .7bc 368 .4 7900 .0c 21 .4be 235.8 5050 .0¢ 21 .4b
P B
i JJJJ;:@DHE@ﬂ 425 .8 4728 8cde 11 4cde 357 .6 7455 .6¢ 20 9ed 318.9 4916 .7cd 15 .5e
EHE CMIRAE 6 B 373 .9 3355 .8f 9.le 387 .3 6638 .9d 17 .1e 320 .0 3650 .0h 11 .5¢
L(N)NT
MRS
AL IR TR 408 .1 4174 .8def 12 .5¢ed 377 4 7433 3¢ 19.7d 279.9 4600 .0e 16 .5¢d
L(N)SS
%Heﬁgiﬂ)i;ﬁﬂ 392 .4 3774 Aef 9 .8de 371.2 6694 .4d 18 .0e 287 .1 4000 .0g 14 .0f

TE RIFUARFAT /NG S8R0 b B R] 22 57 .3 ( P<<0.05) , T [l

Notes :Different small letters in the same column mean significant difference at 0 .05 level among treatments . and they are the same in the follows .
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3 a IR S R IR JEL/NE R KL NE
AR H T RIS AR E AL R 25 5 A8 L 7E 9 it
HEFIRAE D FRZE A5 24 L STt AT PR A 38 o i
B3 AEFE AN 6 909.4.9 688.9 kg/hm” Al
5 588.9 kg /hm’ LU B BAFHAFE .3 a 7 ik 4391
h5934.8.8 686 .1 kg /hm” 15 333.3 kg/hm’ ; WUE
35 DLV it FIES R s A BB B #55 .3 a 4300 185,
25.2 kg/(hm’ » mm)H1 23 .0 kg/(hm’ +mm ), Hi 7]
L S it AR TR A Ak B2 A BLAT e P B Rk 43
H IR
2.3 RS HEAIERVE/EY & IR0 &AL F

A%E

R 4 AR ERE AL P2 & T Z LIS
MR RS TERFHHE DT it AT 74 &
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Table 4  Fertilizer use efficiency of N and P under different fertilization and tillage treatment combinations

20072008 & /NAz

Winter wheat

2009 & E Kk 2009~2010 & /NF

Spring maize Winter wheat

Trﬁi{s FIEF AR BRICARNACE  AEADHZCE  BRIERHECE AUBRAIRCR BRIRRUTACE

Fertilizer use Fertilizer use Fertilizer use Fertilizer use Fertilizer use Fertilizer use

efficiency of N efficiency of P efficiency of N efficiency of P efficiency of N efficiency of P
-5 jifi A Sk BNT 5.32b 8 .21b 4.75b 12.88b 9.00b 12.20b
S it NE VR # BSS 6.83a 12 .86a 5.30a 13 .91a 12 .01a 14 .25a
- it AT BH#F BDP 4.79be 8 .35b 4.77b 12 .68b 8 24¢ 12.07b
W HUME AL S B CNT 3.17de 4 .53de 3 .47de 8.53d 6.87d 9 .54d
B IE RS €SS 4 45¢ 5.94¢ 3.95¢ 10 .96¢ 7 .95¢ 10 .55¢
H HUEAC B#F cop 3.57d 5.00cd 3.63d 8.99d 6 .52de 9.37d
JCNE (ICAE ) Gk LANONT 1.77g 2.69f 2 .86f 7 .13e 4 .55g 6.78f
TEAE RAE HBRFS L(N)SS 2 .60ef 4.35de 3 .35 7.66d 6 .30e 7 ATe
JCE (IEAEEE LIN)HDP 2 21fg 3.52¢f 2.92f 6 .44f 5.26f 6.33f

ARSI PRI PE R BT R B AR e
1%, HHEAHLTT & Bog W = ) Of LA 1
JEURIE By R 3 AR B ST H B  fR
PERFEARIRAE S SeF RN AN BB R REAT 8
o LA BB, ELGAN A B - A L i B
vk B A RS FF I8 FHAR 45 4 58 1 3 n - 3 5%
SEEETL T S AN D B AP AR O R
SEA BB B D AT S SRR AR LR
JZ, BRI EETRE FZ LR S RER
PO, AT T REE A AR R L
LR IV A R0 A e 1 TR i
FEWRAR L s 3 b AT DL SRR B B

B AW T B R AR R R K L7
S AT AL B e A B - 98 7 R AR
U A B E BN A A BT LAVR A A P B 5
SRS A [R] | J5E PR T i 2 3 it A b
S G P T LGS [ R XA 28 A B 5 433
B BRI R Tt — AT

TR IS T G P 27 RO B B AR AT O R A A
ESVER AR 28R ) Ot ) A2 HE e o
TG NP Bl & 5% NP i AN A i A& S EUEY = &
FIAIELF AR AR ARG o 4 ) Rl A4 4k 2
TGS B NP T 95 #5747 A
VR AR B s o Rt A b 38 47 AR B Ak B



206 TR AT

%29 %

Ve S IR R IR da s o AT L P AR
AbFRAE 9 Fi kb PRL G v HA B AR 2B 77 RE ) A A
FIHRCE,

2) XS TAEGE R EAL BE A fF R M A P 4
S s RENS A Ss b K ZE & I
NSRRI RE 1 AT i e
JEUAMAL TR FT0E AL 2 A E B T A8 A
& AR TEYR R M A Rohde & T EY
PSS R FHALR ) ARG 45 ALY
S5 AN EE WUE #1721 2 5 T S b RN i ik
P A AR A AL B 245 7K ) A5 S R
R et /N R B FIA /N4 WUE ™ 4t 43
Wl 18.5.25.2,.23.0 kg/Chm” »mm)Fl 6 909 .4,
9 688.9.5 588.9 kg /hm’ , HYK Ay - i e AL 1 B Ak
FAA,

A/ N — B FRFVERIE T A& £ oK
P AT 20t 7K 10 A E A FIRIN A H
Hb A RSS2 T RO T MK AT L B AL FE
B R AK R HRCE & TR b3, 5 4
AR ARED e A A T G AL B 2 K 3
HORH = TR R 25 R — 3, A4
INZE RGO IR A FE b 0 - SR 19 R e A
B SRS AR AL B A /N7 7= K o R R AR
E TSR B Lt 2T F A A AN T
FEALIR = BEAR T BB K 3 AR = T B i
FEAERARAR, SR g 5 Rk A
Tk &N —HRGRAERRT &/NE s
PR 26 AR b BRI 7 it 57K 0 R ISR IR T 1%
GE BRI R S5 AUE SRR . X UL R R4S 1R
BERNFE VRN T R PR i 1 384 7™ 58 7 7K
SRR AR AR 5 B AR VR e 1 7 =X
P RE SR e SN0 S alks S (e 7)1

S % X Hk.

(1] J7 H3g,[M4EZ 88 =08 55 8 b 52 ROR [ 4 30 1 Bk 7 O 20k
JIES 8= 58 g AF 5 [0 ] 5t XCR L 5. 2003 .21 (1) 5457 .

(2] wMesc ZEm g 2R b E AR AR R E R R [T 0k T
P44 ,2003,19(3) ;14 .

[3] 4@ pEtad  F QLA AR YRR B R Xt A I EREE 19 52
Wi 5 [0 )T 5 1l X ARl AFF 5, 2007 ,25(3) :66—72 .

47 W2 2R 2/NE 5 P ERERHET R 0 — R
FERIE S VR A7 (1], T B Al Bl 24,2007 ,40 (9) ;1914
1924 .

(5] #h #.x B 2R S ORRBEE D7 X 5 R AR AR
TSR R AR e s ()] AR A A ik, 2010,29 (2)
295302 .

(6] EFL SEMME BT M 55 . B8 23 30 A R M
WFTE 1 AR SfF R AR BE 22 05 & /N A 7 B = e 9 S [0 ]
5 4 DAL B 5 ,2009 .27 (5) AT—51 .

(7] X0EEH ARIER P EESR B MDA Al Rk 1993

(8] #fatB . s o B [M J. 565 = AL at . v ROl A
2005 .

(9] MR Francis L J AR5 BEAE AL 4 5% AAO0F 3857 20 bR DL 1Y)
ML) ] AR BAONMTIT 1997 ,5(1) AT—51 .

(10] AR XU 3 a5 3 1w S R O MR A
TSR s B AR AT T [T ] S M AL BT 5Y 2010 ,28
(6):69—74 .

(1] F &SRR ARt T 200 + S0 V1A LA F ik
AR R R [T ] 5 XA F ST ,2008 ,26 (6) .8—12.

[12] Karlen D L, Berry E C, Colvin T S, et al . Twelve year tillage and
crop rotation effects on yields and soil chemical properties in northeast
Towa[]]. Communications in Soil Science and Plant Analysis , 1991,
22(19) :1895—2003 .

[13] Ottman M J, Derge T A, Martin E C . Durum grain quality as affect—
ed by nitrogen fertilization near anthesis and irrigation during grain
filling[J ]. Agronomy Journal , 2000 ,92 ;1035—1041 .

(147 XUHEP skt fe M 56 A BRE R SF5 AT L R A 75
PRI /N2 AR KA () ] T AR A5 274 ,2005,16 (2) :393
396 .

(157 B bk, L A B 5 AREPHEF T LR shs
ARAGLT ] H AR Al R 27 4l 2008 143(2) :100—104

(167 RGARTE IR B AHFFIL XS A A S PREE A 520 [ ] A4l 3
B 5 R 1997 ,51(1) 148 .

(7] # W A% REZ 55 GNE BRI LR XA N E T
RS [0 ] R R R 22 R CH AR R 2A R L2006 ,27 (2)
74177

(18] # MS.BR B F5FFE HECHE AL BUIE XS & /N AR R ™
Ry ()] AEY 24,2008 ,34(6) :1014—1018 .

[19] B8 TR AT R A IYIE i AL XS 2 K A 2
SR ST (1] B ORERE ,2006 ,14 (4) .129—133 .

[20] ZRE.# W, RE&Z 5 ASFEPET 0B R X8
KA A5 30 2% 5 il [J 7K 2 R4 27 41,2006 ,20 (2) (42—
45,101 .

(217 TEA Hann M J . HFFEHS 5 X 1 0RR P IV 9 7= it 19 5% )
[J] ARk TRE 244 ,2000,16(3) :28—31 .

(227 HEw 250k %5 DRt SRS R 4 5K
I3 B AN R R [ ] ROl AR A 4 ,2010,26 (1) 11—
46 .

(23] E/ME SR 4 0 55 BRI AR B R SRR E XS 1
SRS AE R [ ] R E B2 ,2003,36 (9) :1044—
1049 .

[24] W& .4 Z BUES 5 HIL IR Kk R ERHEE
KRR 5 3 7= RO [T ] o B Al B 27,2010 43 (13)
2668—2678 .

[25] B4 2 4 BGEF G SRR B EREE KR A
H OO [T ] ARl T A2 41 ,2010,26(8) (4451

[(26] JAAF ETH LSS AP ETHE T BE AR AR £ ok — &/
& — B RGRAR ARG LUK 375 Bk oy RURCR 1] 5l
B2 ,2008 ,25(7) :69—76 .



o4 SRS AR ORI PERFVEXTTE AL SR 2 A HAC I Ry B s 207

Effects of different conservation tillage measures on soil fertility ,
WUE and yield in winter wheat —spring maize rotation field of Weibei Highland

ZHANG Li~hua' , LI Jun', JIA Zhikuan', LIU Bingfeng' ,
ZHAO Hong ti' , SHANG Jirrxia’
(1. College of Agronomy , Northwest A & F University , Yangling , Shaanxi 712100, China ;
2. College of Forestry , Northwest A & F Unwersity , Yangling , Shaanxi 712100, China)

Abstract ; A continuous experiment was conducted in Weibei Highland in 200772010 to investigate effects of three
soil conservation tillage measures , namely notillage (NT ) , subsoiling (SS) and deepploughing (DP ), on soil nutrient ,
water use efficiency (WUE) and crop yields under the rotation mode of winter wheat—spring maize , combined with bal—
ance fertilization , traditional fertilization and no (or low) fertilization treatments . The results indicated that , the nutrient
of loam increased with the implementation of conservation tillage measures ; the sequence of the soil organic matter content
changed from NT=>SS™>DP at the beginning of the experiment gradually into SS™>NT>DP; and the content of alkali-hy—
dro nitrogen , available P content and available K in surface soil under balanced fertilization condition was in order of NT
~>SS>DP, and that under conventional fertilization condition and low (no) fertilization condition was SS™>NT>DP,
while that in SS treatment under both balanced fertilization and conventional fertilization conditions was the highest one of
three different tillage treatments in middle of soil ; the WUE and crop yields of rotation field were in order of SS™>DP>
NT in the same fertilization treatment , and that under BSS (balanced fertilization and sub—soiling ) treatment combination
was the highest one of 9 treatments , BDP (balanced fertilization and deep—ploughing ) treatment combination was in the
second place . No matter combination with any fertilization treatment of the rotation mode of winter wheat —spring maize ,
subsoiling tillage improved the soil nutrient , fertilizer use efficiency , WUE and crop yield significantly .

Keywords ;: Weibei Highland ; conservation tillage ; crop rotation ; soil nutrient ; water use efficiency ; yield
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Affecting factors of precipitation infiltration depth in the field

FANG Wernrsong , LIU Rong-hua , ZHU Zixi, MA Zhihong
(Key Laboratory of Agrometeorological Safeguard and Applied Technique , CMA&Henan ,
Henan Institute of Meterorological Science , Zhengzhou 450003 , China)

Abstract ; Based on the theory of water balance in farmland and brimming infiltration , the relationship between pre—
cipitation infiltration depth and its impact factor was analyzed by taking use of soil moisture monitoring data from 2006~
2009 of four sites of automatic soil water observation stations as well as water infiltration model . The results showed that
there existed a linear relationship between infiltration depth and initial soil water content , amount of individual precipita—
tion process , and the days after precipitation , and it increased with the increase of three factors , especially with initial
soil water content . Infiltration depth was also affected by soil texture . With soil texture getting heavier or from sandy to
clay , the infiltration depth decreased .

Keywords ; infiltration ; precipitation ; soil moisture ; time after the rain ; soil texture





