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W : O 1 2 BE4E (conservation tillage) SE M K EWMA BB, B XRFLESRPE XN FEBRLBEEX,
2002 FEE 2004 EEFBLEMRUHEHT THRPERELGTREARBENE-HEUFARELRKTHERTBBIH
ROME, ERE2N FPESERSEELERE0~20ecm tETEIKERSKE HERKENHEE T HIEKWREEE
TR TEREAKE AN AE B) G BERE TR 35 (O R 1 R R BRI, T 7E MR K FE U B 6F 4 R B b BB R U E RLAR o BHE LUK A
PRk SHENE W mALRELBREUT LK EBE R/, B A RREH T EAERR S KR, W%
W mE KBRS, ERARERRS BHIEENENG G AR HEELE 0~ 50 em L2 & /K B4 B8 B In _r
28% 26% Fl 11% 23% MEKE B BERERAHERET 17.79% ~26.81% . AHEPIE-REREERDRHETEELEY
e P= B (F/ & + BT ) RoK DR IS B K 3 420 kg/hm’® H1 8.11 kg/ (hm® -mm) , 32 ¥ B 4> B2 5 26.81% M 25.39%,
XA RPUEBE; B, DWFFIRRAME: KashE: KAFIABE(WUE) ¢
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Effects of conservation tillage on soil moisture and crop yield in a phased rotation

system with spring wheat and field pea in dryland

HUANG Gao-Bao' , GUO Qing-Yi' ,ZHANG Ren-Zhi’ ,PANG Lei' , Guangdi LI’ , Kwong Yin CHAN*, YU Ai-Zhong' (1.
Faculty of Agronemy , Gansu Agricultural University , Gansu , Lanzhou 730070, China;2. Faculty of Resource and Environment, Gansu Agricultural University ,
Gansu, Lanzhou 730070, China;3. NSW Department of Primary Industry, Wagga Wagga, NSW 2650, Australia; 4. NSW Departmens of Primary Industry,
Richmond , NSW 2753, Australia) . Acta Ecologica Sinica ,2006,26(4) :1176 ~ 1185.

Abstract ; Conservation tillage can reduce water and soil erosion and improve crop yields. It is a kind of sustainable farming system
which is beneficial for the environment. Effects of conservation tillage on soil water dynamic and crop yield in a phased rotation
systems with spring wheat and field pea were studied in dryland in the middle of the Loess Plateau, Dingxi, Gansu from 2002 to
2004 . Results showed that conservation tillage increased soil water storage and soil moisture in O ~ 200 c¢m depth as the rainfall
increased. This effect was more obvious on no-tillage with straw cover in the drier years, and on no-tillage with plastic mulch in
the deep depth. The soil moisture at top soil varied greatly with precipitation and other climatic factors, whereas soil moisture in
the deep soil was rather stable. Soil moisture was higher at seeding stage, 5-leave stage and harvesting, but lower at anthesis. In

the current rotation system, soil moisture content of 0 ~ 50 cm was 28% ,26% and 11% .23% higher on no-tillage with straw
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cover than conventional tillage for spring wheat and field pea respectively. As the result, the precipitation productive efficiency on
no-tillage with straw cover increased by 17.79% ~ 26.81% compared with conventional tillage. In the current spring wheat and
field pea rotation system, the combined crop yields reached 3 420 kg/hm’ and water use efficiency 8.11 kg/( hm® * mm) on the no-
tillage with straw cover treatment, which was 26.81% and 25.39% higher than conventional tillage treatment, respectively .

Key words: conservation tillage; dryland; spring wheat; field pea; soil moisture; water use efficiency

He 75 B 0 e b ) B R 3 AR 30 M B E (conservation tillage)[“m@ﬂeﬂﬁﬂW”‘#%E@imo BBHE N K
R R A AR BN — T EEFE, HEMZEHT A e MR E S0 5 %
EYRRRASIFENE ST EHA R DRES " R OERE RN, WNEY RS TED
B SHITATERL? -2 e 0N THREERMTRR BRI ESHEA R RN E W, B /N E-
BIE R REMBAEE BHESEE R ERET X, EMEABNRERBN THRE, U4k
LG R, D LR, M X
MFHREFHYETHERRILE , BKERD, KSRATARLERYREEF. ZX B4 FHE
K& 390.99 mm, WEHEKEXMEF  BNMNEFENEFETELW, FRKW 0% ~T5%FEF T 6~9 A1,
REDBFEFHMGEERBINI3~5 ABRKERELFEREKE 18% ~26% K 5ERER™EEN. K
BILIE AR+ BHHEREAR I RABKK HEFER, HETARRY HER BERBI, EHHEH R 80%
PAER B KA MRS TRRENE, SBEHBASED RNBHMR VA PR —KEE, BT
R RHRELZBAKERENTE, SRR UERELEKS BOKERARBIEKSIEY AT SN
N E RS EGRE T RFTEERNPE, EARRAFPESETRER B EHE/NEMGE T 57 %
KB KRR EE, UHHERE —HRB P REKEANRS KL RANTEE R, XNEARE
W AESTE, IR LW BEE R, ARESHHE HEMBMESHBHIAZE—. j
1 HRS5AZE
1.1 AL AR A
AR F 200243 ~2004 4 AEHHRNECHEERES T, EREMTHRLEPHME, BP
BHETRERK, Bk 2000m,FEXKHES 141.6 x 1.48kJem’, H BB %7 2476 .6h, 4E ¥ S 6.4°C, = 0CHIR
2933.5C, = 10C R 2239.1°C, KW 140d. H4EFHFET R 390.99mm, 4FH KB 1531mm, THRE 2.53, K
BAKETERHFREYR ., AR+ RAIES L, HEAF 1.19g/cm’, pH H 8.36, A HLIE 12.01g/kg, 2
#0.76g/kg, 8% 1.77g/kg. BB ENE, 2002 FFHF/NELEHMEK 218.8mm, HEAEH
[ 7K 167.0mm;2003 4F B F/NE A HHIFEK 298 dmm; B G A F K 175.9mm,
1.2 K®wiRit 55k
IR E N MBI AUT IR A0 (WP PW) o $hi 6 MbH 4 B OB GHHE(T) R
HZE T MARJS R . O BBF(NT) MR B s, ORMRFESE (NIS). B M RBMam. N
8 AEBAE 3 AMERE S EEYRT, iTEEDIBCGRN A RBFRA G LR FE/NX, @FFEE(TS),
AR MBFER T(ZHFE) , HES - KBHEN R A . EEY KR FTE # R G L R
IR HBEBEBA LR, OGS EESHE(TP), BB ER T(Z#FHE),HE 10 AHERE—KE
EE SRR, PR Y, RAETAE ., © G G (NTP), BB B, 10 HhAER
VLB (E TP)
R FFIFENL X AHT], R 3D X S E N 20m x 4m, HXEY N F/NEGEF 35 5, B E 187.5
kg/hm’ VI G (RB G, B F B 180kg/hn” ) . F /N £ 4b B 29 1 48 & 105kg/hm’ , £ P, 0, 105kg/hm’ (AU + —
) BT B A B A & 20ke/hm” , 4l P, 0, 105kg/hm® GEBERRES + — &) , B A LR 4E S 2 A 7 #5 Fh 1y [7) A+t
MiAo T.NT.NTS.TS JH b Rl k2 5 i 09 S BB LI A 5 TP NTP JH 24 3th Y 72 22 90 LA 0 48 A DL B 4, 5B
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BN, BEFABHAIYENENERREER  KEKITREVEGen £H)HAESEBH/PE. K
AT BURE 20 MEAATEM, /DR ENTT 0.5m B RITREW,IFUEA/PRITRT-EAMTE LD =],
1.3 RBWERHF® |

RIGHAEERE 15d ME 1 KEWAKD, B0~ 10em BETHEME, 10em BTAD TAMUME. 9
B2 AKK % 0 ~ Sem, 5 ~ 10cm, 10 ~ 30cm, 30 ~ 50cm, 50 ~ 80cm, 80 ~ 110cm, 110 ~ 140cm, 140 ~ 170cm, 170 ~
200cm. [ B} & F 18] §% K 7 7K B ( Drainage Upper Limit, DUL) S fE #1748 7K 4+ F BR (Crop Lower Limit,CLL)®,

PP AR R FERAREKE. FEMR:

Y0200 =63.226x +3.7518( R* = 0.754)

Y- 2000 = 58.923x —0.4483( R? = 0.7666)

2 EREHH 160 -
< . l40 | 0 2001-08-~2004-04
2.1 RBRRFEHFEKER T o | e Avenge
RBPBE LA EE b TREBNOTRESE 5 0|
B, WA 1 BT . 3wn
RBERRRRBRESIKRR MG, 2001 4, gw ., ll |
2000 55 70 2003 5 B & FH (B kR AR 356, oIl Al Hﬂﬂ“n Tl . v

O0mm.350.7mm.564 .8mm Fi 390.9mm. A01 D-01 A2 A2 D-02 A-03 A03 D-03 A0k
001 F-02 J-02 002 FO03 J03 O-03 F-04
K BAEXAZRILE P
1 TR 2001 F 8 H ~2004 FE 4 A ABET R R 33a A P11

R-R

2, R NEKE, RAEHERKE, I P Fig.1 Distribution of monthly rainfall in 2001-08 ~ 2004-04 compared to
25% K EKE, P - 25%% F B4, long-term average of 33 years in Dingxi(mm)

A RK BT AR P AL 2001 45,2002 0 FKE, 2003 ERHFEKE, ERKEEE VFES
M, 7~9 Bk EF BBRER, K3 NMARKEASLFERKEN 3%, 2EFERKEL., EFNETRK
NTHEFREREHMRBEKLREMEYERKXBHTERKNEEZERRZ—,

2.2 BRI ELEETARREKRSR 0~ 200cm + KA HKF 3 EEL

RRFAEX LA MEMBER, HEEMBES YENEKERSEEDNHEX. EAFMRERR
t 2t KB A ARRZ G, LKA — MR KRS E, KBRS I BN RERIER(E 2.
3) . PRINEEVEHIXT 1 KA MR AR B Y MK (EERWEMRK) B KRR AR, i B 5 # %K 2 A
£ MHEZRNESHEHE™ , HE 2 E3FTTUEE, 23 W EKRBIE, T,NIS,NT, TS, TP, NTP &40 2 +
I K B4y 33 51.87 ~ 54.47mm . 53.40 ~ 84.90mm ,30.78 ~ 47.65mm,15.85 ~ 57.25mm.55.61 ~ 62 .49mm.
63.34 ~75.70mm., HEMBEML, R EFBEEERKRPHER Q2 E)EAMTRE LB KRS X E
BERAXNGHEHESE I RREEREYRE BT LEER, AAREFNWEKRHEER. atiditE
EAEE_FRARTEFKBERES 84.90 mm, BIEAGHER L 30.43 mm, HEEDERBRTREFN
K&

2.3 FRPHBERETARRERR I RS KENEETL

REALWKSEETABXBEREX BKERRAFM T EIEEBREMERE —EMEAL, £1.82
EARREREALEAREFTH O~ 200em LR FHEKBRLEL, GHATUEL,0~40em + /2 L3
KA ZREK SRR TN BRSE[SREREFMEYRFNEWMAR, LA TR, RER
RELEO~10cm) A TER MEYHRERIEXAEFLEH KT SR, 40~ 120em +EREYBR RERE

O CLLEXTEMAEYFERER, B—MEPERE LR ERREAN—FER, SHEEEARANX S, & FE W . F 1o 5 —F
FEFE K 5 40 B IR K 89 B S FOR B
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M2 HE-HIOBRERRSLH O~ 200em HEIF A RHHA(02.3.17-04.3.15)
Fig.2 Water storage from O to 200 cm soil profiles of rotation with spring wheat and field pea systems in Dingxi (02.3.17 ~ 04.3.15)
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B3 RE-FOEREERELE 0~ 200em + Bk 54 4(02.3.31 ~ 04.4.4)
Fig.3 Water storage from 0 to 200 cm soil profiles of rotation with field pea and spring wheat systems in Dingxi(02.3.31 ~ 04.4.4)

BREMNFELSNE, LTI THFEZEDHOE W, TEAME/N TERATLETEREKSMEL, 2
HHK SRS E R, 120~ 200em +EEARZEYHS KL EEM LM, ABX LE”RE. LK
DEEWEABREARMNFRE, RATERFERIE RS KBRS B ASMET . Skt
RERSKERMK R HEKEEM BERUTNEHEEFBTRE. KHRERNNESENLEE
KE, RN EAT AR S L3 KE, AR USRI Ay, 80 H/ D E R R IFM K> &4, B
FERIL PR K, G BOR G LR AR K 8/ & B E W0, 91 5 A 2 ME ) BT RITAE .
AREFTHE, i TEYRBHAR, B AFSEEEN LS KBORAEAFRREABES, 213
KNBIMAKRZ G AR (AERNE) —REEREMN LEESKE, CLERMETE S BE R R
BEHRLIEAKS, ERIMRAERRD  TRRUBNELRUBE VA, BB ERELHEAE 0~ 50em +
BHERAHLTEEMNSKE. WPREARPE/NE NISLAE 0~ 50cm LEIKEN 19.36% , B H MBHE
W28, SHMmLEZRERWREE (SSRyw ). FLIEEKEHSRT K :NTS > TP > TS > NTP > T > NT,
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Table 1 Soll moisture in 200 cm soil profile of rotation system with spring Wheat and field pea at different bearing stage under different treatments -
4438 Treatment
ffﬁ?; :t)_?:(cm) CN-1
ctage Soil layer T NIS NI TS TP NTP  Bearing T NIS NI TS TP NP
stage
2002-03-17  0~5 10.19 19.51 10.72 11.40 11.31 10.01 2003-04-05 14.24 22.11 1391 13.13 13.86 14.35
R 510 1518 20.07 14.07 16.44 17.14 15,79 BE 17.14  21.34 16.90 17.50 17.72 18.94
Jﬁﬁ'iﬁ 10~ 30 20.00 21.54 20.17 20.69 19.96 21.02 W‘m 14.26 16.92 15.18 14.16 16.23 17.73
Spring wheat Field pea
at seeding 30~ 50 15.07 1631 15.25 1478 13.67 1479 g, 1184 12,14 1236 1137 1149 13.23
in 2002 50 - 80 13.33 13.86 13.74 14.62 12.68 13.14 in 2003 12.42 11.27 12.46 11.18 11.79 12.38
80~ 110 14,03 13.35 14.13 13.43 13.48 13.95 13.74 12,32 13.44 12.74 12.96 13.64
110~ 140 14.75 14.01 15.49 14.54 1534 15.32 14.24 13.28 14.63 13.06 14.27 14.71
140~170  15.93 14.95 16.30 15.38 15.74 15.66 15.50 14.14 15.80 14.39 15.17 14.62
170-200  16.14 16.15 16.83 16.16 16.25 16.35 15.55 15.17 16.32 14.95 15.60 15.61
5%" b a b b be a abe ¢ be ab
1%** B A B B B B AB A AB B AB AB
20020514  0-~5 20.68 24.57 22.42 24.43 25.62 26.00 2003-05-16 22.34 24.66 22.63 22,88 23.51 21.18
#E 5~10 16.85 20.46 17.99 17.62 22.46 22.14 H% 20.74 22.11 20.76 21.55 22.33 22.41
Si;:fwhem 10~ 30 19.60 20.51 20.40 20.21 21.00 21.95 ;f:;’ia 19.75 21.67 19.52 19.57 20.95 20.88
ot 5-leaf 30~ 50 15.10 16.05 15.52 15.11 14.55 15.71 s ).  12.67 13.73 13.47 1218 13.11 14.08
in 2002 50~ 80 14.25 14.89 14.59 13.91 13.69 13.97 in 2003 12.52 12.08 12.77 11.81 12.19 13.00
80~ 110 14.48 13.85 14.36 13.73 13.59 14.45 13.76 12,30 13.70 12.53 12.94 13.86
110~140 14,98 14.09 15.97 14.41 15.09 15.63 14.31 13.18 14.83 13.47 14.57 15.05
140170  16.09 15.34 16.47 1595 15.67 15.7 15.34 14.19 15.84 14.64 15.35 15.19
170~200  16.61 16.25 16.87 16.42 15.94 16.48 15.69 15.36 16.73 15.15 15.61 15.85
5%* b ab ab b ab a b ab ab b ab a
1% * B AB AB  AB AB A AB  AB AB B AB A
200206-30  0~5 7.21  8.54 7.20 6.45 821 7.30 2003-06-15 6.29 8.14 6.29 7.42 7.1 7.54
BE 5-10 8.57 8.66 9.22 8.8 10.67 10.19 %& 9.31 9.38  9.57 9.04 9.49 9.43
:ﬁ:ﬁwhm 10~ 30 14.68 14.79 15.45 14,75 15.42 17.11 iﬁia 15.12 15.17 15.67 14.37 15.98 15.25
at anthesis 30~ 50 10.94  11.17 12.16 10.90 11.43  12.96 . juhesis 1269 12,55 13.43 12,01 12.52 13.92
in 2002 50 ~ 80 12,26 11.53 13.08 11.96 12.46 13.25 in 2003 12.74 12.05 12.89 11.89 12.28 13.11
80~ 110 14.13 13.09 14.33 13.31 13.60 14.38 13.63 12.80 13.60 12.64 13.10 13.96
110~140  15.01 14.17 16.06 14.65 15.08 15.49 14.30 13.52 14.74 13.43 14.31 14.91
140~170  16.22 15.25 16.42 15.37 15.81 15.69 15.22  15.03 15.94 14.42 15.46 15.53
170-200  16.58 16.26 16.77 16.28 16.26 16.39 1575 15.15 16.27 15.36 15.46 15.72
5% " bed ed ab d abe a ab ab a b ab a
1% " ABC  BC AB € ABC A A A A A A A
20020729  0~5 19.20 25.88 18.47 16.15 17.28 19.38 2003-07-17 24.01 25.56 23.99 25.02 25.76 24.37
BhE 5-10 14.29  20.56 16.03 13.67 14.28 15.97 B% 23.58 25.34 23.50 25.49 25.52 23.24
iﬁihw 10~ 30 14.41 14.32 15.84 13.67 14.88 14.41 fﬁ?ﬁia 19.46  20.70 20.66 17.74 21.59 20.56
ot maturing 30~ 50 1028 9.88 1104 13.73 10.24 1149 pounin, 1243 1212 1289 1162 12.18 13.28
in 2002 50 ~ 80 11.15 10.71 11,76 10.07 11.10 11.81 in 2003 12.80 11.88 13.25 12.12 12.45 13.09 ’
80 ~ 110 14.00 11.63 13.27 10.74 12.32 13.35 13.91 12.80 13.42 12.71 13.20 13.92 "
110~140  14.55 12.89 14.19 11.97 13.62 14.35 14.46 13.67 14.18 13.52 14.51 14.83
140170  15.60 14.24 15.78 12.81 14.97 15.61 15.51 14.3¢ 15.41 14.74 15.27 15.32
170~200 1574 14.91 16.22 14.54 15.45 15.84 15.74 15.27 16.31 15.29 15.47 15.54
5%" ab a ab b ab ab ab ab ab b a ab
19%"* A A A A A A A A A A A A
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Table 2 Soil meisture in 200cm soil profile of rotation system with field pea and spring Wheat at different bearing stage under different treatments

A3 Treatment
E—Em + 2 (em) AT
Bearing . ;
stage Soillser T NIS NI 1S TP NIP  Beaig T NIS NI 1S TP NP :
stage '
2002-04-16  0~5 16.93  21.81 15.26 16.65 17.52 16.40 2003-03-15 7.02 12.35 7.95 7.55 9.88  10.16 ]
?ﬁ?;gq 5-10 23.35  24.31 21.96 22.87 23.76 21.76 5;:3 9.64 13.48 10.27 10.81 12.32 12.81 !
_ 10~ 30 2,38 2.2 20039 2075 2132 21.00 BHH 1530 16.17 16.48 17.21 15.93 15.97 !
Field pea Spring wheat, :
at seeding 30~ 50 1535 1690 14.23 1538 1443 14.82 g epn,  13.46 13,67 13.43 1415 13.29 12.90
in 2002 50 - 80 13.57 14.85 13.16 13.67 12.60 13.16 in 2003 13.42 13.20 13.98 13.96 12.61 12.92
80~ 110 13.64 14.10 14.20 13.76 13.20 13.59 13.63 13.95 14.64 14.33 13.46 13.26 |
110~140  14.79 14.73  15.51 14.71 13.94 14.34 14.25 14,19 15.95 14.94 14.17 14.13 :
140~ 170 16.05 15.17 16.64 15.78 14.65 15.50 15.63 14.92 16.51 15.74 14.48 14.80
170~200  16.97 16.50 17.43 15.77 15.42 16.56 15.03 15.59 16.41 16.04 15.01 15.74 :
5%" ab a b ab b b a a a a a a
19%** A A A A A A A A A A A A
2002-05-14  0~5 23.50 25.89 24.57 24.65 25.90 38.65 2003-05-16 21.94 23.21 21.62 22.53 22.79 22.26
We 5~10 21.49 22.02 24.61 20.13 22.48 21.33 HE 19.69 20.12 19.63 21.52 21.35 22.43
By EHH
: 10~ 30 21,42 22.61 20.14 21.78 21.25 20.91 - 20.50 20.29 20.20 20.89 21.05 19.81
Field pea Spring wheat
ot 5.leaf 30~ 50 1549 17.02 14.02 15.61 13.44 1532 _ 5. ¢  14.64 14.60 13.15 14.55 14.85 13.9 3
in 2002 50 ~ 80 1376 15.30 12.90 14.41 13.28 13.39 in 2003 1379 13.99 13.72 14.21 13.29 13.52 ;
80~ 110 13.90 14.11 13.93 14.00 13.39 13.77 14.11 14.49 14.31 14.44 13.50 13.70 3‘
110~140  14.74 14.91 14.93 14.80 14.33 14.39 14.35 14.47 14.32 14.77 13.73  14.23
140~170  16.18 15.36 15.64 16.26 14.84 15.62 15.54 15.10 16.34 15.50 14.76 14.82 :
170~200  17.12 16.45 16.29 15.98 15.70 16.64 16.37 15.74 16.81 15.92 15.32 15.43
5%" a a a a a a a a a a a a *‘
1%** A A A A A A A A A A A A !
2002-06-15  0-5 4.06 3.53 2.90 1.58 3.64 2.95 2003-07-02 22.80 24.80 24.12 24.70 24.29 24.39 ﬁ
BE 5-10 6.49 645 7.00 637 6.69 5.3 FNE 09 1972 2037 2054 235 2.2
FiEH FiEH :
_ 10 ~ 30 17.86 18.59 17.90 18.66 18.11 18.00 . " 16.56 16.05 16.33 16.38 15.84 16.14 :
Field pea Spring wheat {
at anthesis 30~ 50 14.41 1534 14.21 14.62 13.74 1427 oo 11,80 10.79 11.05 11.58 10.10 11.47
in 2002 50~ 80 14.14 15.72 13.76 14.04 13.63 13.68 in 2003 1272 12.09 12.46 13.16 11.66 12.01 ‘:
80 ~ 110 14.12 1448 14.59 14.13 13.55 13.88 13.84 13.91 14.49 14.18 12.91 13.60 ;
110~140  14.86 14.58 15.98 15.01 14.54 14.55 14.26 14.43 1509 14.72 13.93 14.00
140~170  16.34 15.41 16.67 16.16 15.03 15.74 15.38  15.07 16.31 15.65 14.57 14.93
170-200  17.15 16.30 17.39 15.91 15.42 16.30 16.35 15.69 17.19 15.67 14.94 15.80
5%* a a a a a a a a a a a a
1% " A A A A A A A A A A A A
200207-12  0~5 6.93 9.60 8.36 7.42 5.75 6.33 20030804 23.11 23.30 27.08 23.96 25.97 25.08
HE 5-10 12.08 13.06 12.43 12.20 1049 7.30 FNE 2431 2455 2537 2378 25,13 23.90 :
ik %t B :
\ 10~ 30 15.52 16,79 16.37 18.79 16.50 16.44 " 26.11 26.98 26.76 26.80 26.26 26.23 i
Field pea Spring wheat i
at maturing 30~ 50 1314 13.60 1259 1441 1215 126l 4 pauring 1317 1341 13,62 1351 1324 14.07
in 2002 50~ 80 13.48 14.49 13.45 15.29 12.85 13.28 in 2003 1220 12.02 12.29 12.69 11.62 11.77
80 - 110 13.67 14.34 14.57 15.45 13.20 14.06 13.30  13.44 14.07 13.44 12.77 13.13
110~140  14.82 14.83 15.85 16.07 14.32 14.62 13.94 14.04 15.03 14.15 13.71 13.79
140~170  16.02 15.52 16.67 16.89 14.54 15.63 15.03 15.00 16.18 15.23 14.15 14.66 _/
170~200  17.01 16.91 17.39 16.96 15.31 16.54 16.08 15.73 16.88 15.72 14.80 15.47

5%" ab ab ab a b ab b ab a ab ab ab
1% * A A A A A A A A A A A A :
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BT NTSAL3 0 ~ 50em +ESKEN 18.13% , B H MHEN N 26% , G HAL AR ER B E(SSRys)o &
R A KEHEFIRE R NTS> NTP> TP> NI > T> TS, PIW B /EKFEFHHE NTSH 0~50 cm L2 FKE
H21.38% , HEABAERM 1%, SHMAEZ R ER EE(SSRx)o FAESKEHFURFH :NTS> TP >
TS>NTP> T> NT, F/ME NTS & 0~50 em +EEKEN 13.92% , B HABER N 239, 5 Kb B Z [
ERFEE, SKBHFIURE R :NTS>NTP>TP> TS> NT> T, Hit, ZE/EH & K ATH, 55 #5288 3B 1k
THANERE FLRAABRREI KR, IR FHARS GEREH]RIFHIFEEL

HMESBOABREWHEK, B BEYEBERZENR A3a TEYNL TER, 8 SNABE
FAERH, TEFRUTEEARNE KMERTESLENEKERRSHESE. 7 WP REERRD,EAD
# NTP b 0~30 ecm L EE/KE N 23.36% , R MBER N 23% , & 4B 5 /KB HFBRF A : NTP > TP >
NIS>TS>NT>T, BE NISALHE 0~30 em +2H/KENR 22.81% , WA GHAER N 9% , % 40 B & K B HEF)
JFRE K :NTS > TP > NTP> TS > NT> T, P/W RIERGKHE NTP AL 0~30 em 12 FKE 26.96% , B % M #t
VES I 22% , BALHAEKBHEFINF X :NTP> NTS> TP> NT> TS>T. HBHEBEFH P /LB | & KB H
FUiE K : TP > TS > NTP > NTS > T > NT,

FHYPEERFENAR HARE EYEBBEMZ YN EOREMKSHAHEERANER, &
BEELENENESHE 0~ 10 cem LESKEREN M, X5MEMPHRKEBRAXLRE, WAL RHA
HEEAGMHBEREKAEHOER. SEHTRHED T3 HREHNER, Rt hREEMAT £
BABEE FLEERKASAY LB, AELEZEN FLEMESKBAB M,

FWHEE, SEYHE R DX KRS A AERS, T RRESKBEFREA. WPREKRRENE
NTS AL 0~ 10 em 2 ERKE N 23.22 % B HEAMER I 39% , F AL EF/KEHFIFE KX :NTS > NTP > NT
>T>TP>TS, PIW HAEARBE &AL /KB HF BT A :NT> TP > NTP> NTS > TS> T,

BARE R ESE KSR EERET R TR0 7 X FEKE D HE 60 (2002 4 K E) 8
Mk £ BEM QU EFKE)VREHE LEEAMERAEYREEN AHBETESERE L M0 E K
FHERAEMRS.,

2.4 RIHEBERET RRIEEE KR ™ BN K& KF R ER

23 APEHENTAERESREFRENKIH BHKE
Table 3 Effects on yieid and water use of different rotation system under conservation tillage

7= B Grain yield(kg/hm® ) #K B R ﬁzkﬂ:j“f&$
¥ 150 e  abE & 4 Water WUE ; K B Preclpna‘non
Rotation Treatment E+2 N BiE Compare consumption (leg/ Ch Rainfall pmd':‘cnve
sequence Wheat + pea Wheat Pea (%) (mm) *mm) ) (o) efficiency !
(kg/(hm® * mm)) i
#-5 wW/P T 2697Bb 1816 881 — 416.86 6.47 915.5 2.95 i
NTS 3420Aa 2151 1269 26.81 421.59 8.11 915.5 3.74
- NT 2217Bc 1414 803 -17.80 402.88 5.50 915.5 2.42
TS 2559Bhe 1736 823 -5.12 371.61 6.89 915.5 2.80
TP 2447Bhe 1385 1062 -9,27 408.60 5.99 915.5 2.67
NTP 2280Bbc 1258 1022 ~15.46 409.78 5.56 915.5 2.49
5.% P/W T 3069Aa 1416 1653 — 464.63 6.61 915.5 3.35
NTS 3615Aa 1825 1790 17.79 466,46 7.75 915.5 3.95
NT 2961Bhb 1545 1416 -3.52 446,26 6.64 915.5 3.23
TS 3173Aa 1646 1527 3.39 464.29 6.83 915.5 3.47
TP 3647Aa 2033 1614 18.83 451.45 8.08 915.5 3.98
NTP 3669Aa 2140 1529 19,55 449,60 8.16 915.5 4.01

*» FRALERKENFESHETRZH  Grain yield equal to spring wheat add field pea of rotation system

KAMRABBERHREYTE EBFERAMMERERZAHEERLEROAKRA™, RREAFBEK
THKGHERRE, EREEBHURRR, UNBKAIVFHERERELELKBEEL, KR REE BEE
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GEFIAN 0) 8t + K 2 V- #HH , SHEY /KSR R BEATRIS, 7T L T A8 AS 6 &b B8 54 1+ 38K 43 o 1)
R

HEIBL, EREBHEBERR D, CHEHBESNTBRABE, MEABLR TESEHE. & WP
BAFKR S NTS PR B BB 3 420 ke/hm’, lAEGEAEI = 26.81% . EPHSME BRI IN N, b Tl 5 2 A7
LIRS R Ry =R R BN+ Wm0k R REY M EER T L EKS A B R Rt
R HEAERKAET — MR LRIFT . FRMBENFOEE=EFHREMN, XRRIRENET -
WEAHRS BB T LERES KRR R KR WY =8 Sk AR R — SR, P/
WRERRD , RO E s  ARLERFABIENERRBENEE, ERIREFI P, ABHHRE
P B0 7= R L X A SRR R G B RS P B R K — B, AT R R B N B AR MR BT, X R 4
FYERERE R K

 ORERR PRI KB A NS, TE WP R ER R NTS &b HE M K 4 R BCR B BLEE
e 1 25.35% , P/W AR R NTP 2038 K 40 R RO W A GEE AR B T 23.45% . IR oy 77 3%
WAT EHKSWTBEL ML WARFEKE, MXHREEH, 48 EEHEHD LB KIEE R
PEREBRAE RS , F FE K AL N A BFEK , HRE KB KRB PR B BTN R TR, BEMERSY
AT B 38 AR K B, 4R B AR HK 2 B SRR . 4ok 6 7 3 3 R S804 5 0t P K B R JH 3R |, Vinger % 45
B ERRRSA KB KA HEATMERBRR, EHMHRERR P, BRBAERREK
AR EBERET 17.79% ~ 26.81%
3 #it

RPHEBHER S HIK LR BARIEM . K st FrE = A B> T MER 3+ WA BIFK
B BEEYT'] KR HREREKFHE,

(1) IR IERB N E T K HER KRN E L REKNRER IR, 23HBRNBAIE,
T,NTS,NT, TS, TP, NTP % AL 3# + ¥ /K 8 4 513 /il 51.87 mm ~ 54.47 mm,53.40 mm ~ 84.90 mm.30.78 mm ~
47.65 mm.15.85 mm ~ 57.25 mm.55.61 mm ~62.49 mm.63.34 mm ~75.70 mm, SBFFEFTE & 7EMEKE LM E
1 (2002 %) EA F TR E LK ‘

(2)0~40 em B R L BKSZREK SE BB T RHERESTEAREBIEYRANE WA R, 18
KABEREL, 40~ 120 cm BRYEVIBARBERR AN T ENIFE, T HK S EEHNE /D, 120 ~200 em
RESAZEYMSEEROE W, XM LERE.

)FEMY AP RREM L EEERE S AR, MAEN L ESKBNRE TR, EHRMRERR
PRI ESLHE 0~50 cm L EEEYMA KT RAL TREN I KE, H/DEMAT NTS 4 H%
FH31 0~ 50 em £ R A KB 5B H HBVEH AN 28% 26% F1 11% 23% o

WEFHMHBERRD, AR BFHEEW " BRRARE, KB AR HBEREAHEERBT 17.79% ~
26.81% ., 7E W/P #AEIE R H NTS /e MIEY 7™ B Bk 0 R B S B K MAHER R 26.81% 1 25.35%

(5) B o S B T MO R AR PIRA R 3k, nf BB R E A A8t F R XY TR B A B8
3k,
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