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ERASTERERERWASPHIGSFHASHROMEMX, FRIK. B, BH%RRERE
BUREAAEEXRIZK NELERUNTHEL R, RERETARKESHARLAR
B R SR R B EREF ARG RENETERR. Filt, MBRIRSERIR AR
REBAKER, FEXKFRREANKBEAFEDERERSENBRHRRARE/TIVLE,
REABRMERWERETA. BAAANMESESRESRBRREEREMALRIKE.

BIRLUM LS RFE AR EH, FRTHK, W, THERENTL. BEFHRR, &
GHRTARERER, BEER, KEERMADE-EERNEKRT. =B, BKEE. K
JEF AR, FHETARMEEATEMHEDN=R. REAARSFRRS, BNRME
BAEYLHMAEFHLERRBMRBFKERER, FEER, KERZHAEXEER. R
MEBELRWTF:

LY KERERRHARLERRE: () ZHEREAT, £PELEFTHX TR
BEEBENH MR, REXSERKEMLMESERENBITEM. BFKEHKHR
K, WORBEMBE=K (RHAHRTIK+EXZK, W) ABREAYETEHEERTR—
A V&K, W) &, BESHHR 8.7%H 12.5%. W2 LBLNEKIFIHHRER (WUE)
W3 R 11.1%, MEEEXKSFARE (WUE) 5 W3 ABERAEE. W2 f1 W1 6B HE
EARAFFHBE (WUEp) 4804 21.28 F121.60 kg/mnvhm?, H W3 524 5% 7.8%R1 9.4%.
ZAERETER, BABRKIFARE, W2 REEFNTAKEFERER. (2) FRLNEHF
R ABHERAER. HRAERET, A% 1SHEBORTHE 22, XHA£ 5B KAEE
(T22) ff) WUE B, i 20.22 kg/mm/hm?, HHFHE 22 882K (T12) % 21.9%, HHF# 228=
K (T13) B 74%. X, AF 15 A—EMWKEFRS, EKRERROERILHETER
KEEHEMSFHESRICMERBLE S, FRTFLPIELEWAKEF, HAPESHIT VKRS
(W2) BRIEREEE= = MEENA S ARE.

2R RBTRLERER: (1) HIRHE1 (FS1: £0FE, ERKRBTAWEREL N,
P,0s. K;0 45124 : 157.5kg. 138kg. 112.5kg) B4 /NEK AR BelF, =R B, & 7897.6kg/hm’,
BERTHENAREHER. FS1EAT4/EK WUE &, b CK (REE) #¥FR WUE.
A4 WUE I WUE, 2} BI85 57.7%- 43.9%F1 27.0%. FS1 B C UM BRERANEZEENE,
FIERAER S BIERERRHERFTREKT, XU FS1EANRELDZEERNT BEE
. (2) FS1ERTANME-EEXRHEBRHTHENHEK, BEFA WUE M FS1EX A&
H, REREREMEFS B&F. SAHELRAI SEARRBIEEXTREWL, FS1 MR
ERGABMEL, RTHMER, BEARIET 4 ME-EERMEF=RRARA AR LR
FHSETHERSSE, HHBE.

IAKEERRBHREREN: (1) ARAKREER (2HAKIERFR AL B.C.D.E) A
FELFF BB EIN: ASD>B>CSE, #% T E, AJD.B.C A2 SRR HIEE N 23.3%- 11.34%.
8.04%F1 6.19%. (2) £NE-BEXKBEBHEKEMLMESEKENG TGN, A EXXR
% 938.8mm, D AR 129.9mm. AR WUE b D R B, ¥ 22.57kg /mm/hm’,



. A, B. C. E R HEH 10.5%. 13.4%. 8.7%M 13.9%, KHLNEFREH KK B
B AR T BEkR, MR MAKIFARERRELELTAR. (3) RERRER
BE, DEAMETROES, EEAEXELHER. AERERE™HEAN D>C>E>A>B,
%8, D. C BB MNEFT A, B, E, i DB CEEHR—F. NETF. HWANA
BGARE, KERAHEDK D HR (XPME—E—RHTK+BRE—R—BRE&EEKRAR—
JE—i8) hBHKERBHAER.

4HEERRARTALE RRW: (1) —EFRMI=REANETHF-EATREZRH=F
EXWELTR, KAT—E—REINERE. FEA, ~ERANINLPE—EEREING
ERER, EERTHMAMEER, Q) ZHRFIFHESHEKERRAN: —FER>—F >
FE=R, DHESRENE K. LHERE WUE L& DE-BEEXBH, 5% 18.0kg/mmbhm’,
BEX~ZPE-EERKZ, H 166kgmmhm’. (3) NHKRERE, HRAX—FE—RHIH
HERIEN—ERBBNEAME—REERBFRERK. (O NFERIEER, BEAFHREL. FE
X—-F-ENEME BRI, Kb, EREEFRIERRE 271, HRERRE
AR AR =HEREERTHENMER. (5) ZA0HERY, EBEMRKAFEESA:
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Abstract

Huang-huai-hai Plain was the typical area of benefit conflicts on agricultural production in China.
Whether the limited water and fertilizer and arable land resources in this area could be sustainable
utilization or not was directly related to the sustainable development of national agriculture. Developing
resource-saving farming system technology in this area and in China was the important way to got
highly-efficient use of agricultural resources and ensure food security. So, from the view of resource
efficient utilization and sustainable development, the field experiment researches to obtain different
crop growth parameters in typical regions of Huang-huai-hai Plain were imperative. These works could
provide us with the theoretical and practical basis to explore resource-saving and highly-efficient use
farming systems in this area to construct the resource-saving farming systems and technical systems.

The experimental base, was located in Wugiao County,Hebei Province. We regarded the
resource-saving and highly-efficient use farming system as the primary content to study the effects of
different water-saving, fertilizer-saving and water-fertilizer-saving modes on the crop growth, yield,
water consumption, water and fertilizer use efficiency of winter wheat-summer maize. Also we studied
different crops yield, resource utilization and economic benefits of different cropping systems. Our
purpose was to choose the optimal water-saving modes, fertilizer-saving modes and cropping systems
whose relative benefits were best to fit for local production. The main results were as follows:

1. The water-saving irrigation experiments results indicated that: (1) With the three irrigation
modes, the soil water consumption in winter wheat season decreased with increasing irrigation amounts,
while water consumption in summer maize season increased with the increasing irrigation amounts of
winter wheat season. The increment of the annual yield of winter wheat-summer maize with rrigation
mode W2 (irrigated before sowing and at jointing stage: 75Smm+90mm) and W3 (irrigated before
sowing, at jointing stage and at filling stage: 75Smm+90mm+60mm) was 8.7% and 12.5% higher than
that with Wi(irrigated before sowing: 75mm), respectively. The WUE of winter wheat with the
irrigation mode W2 was 11.1% higher than that with W3, but the WUE of summer maize had less
difference between irrigation modes W2 and W3. The annual WUE (WUEy) of W2 and W1 was 21.28
kg-mmhm? and 21.60 kg/mmvhm’ being 7.8% and 9.4% higher than that of W3, respectively.
Considering the annual yield, water consumption and WUE, irrigation mode W2 could be the advisable
mode for water-saving and high-yielding. (2) There was different water-saving potential between winter
wheat varieties. The results show that the yields of Shimail5 (T2) were higher than that of Jimai22 (T1)
under three irrigation modes. The WUE of T22 was the highest one which was up to 20.22 kg/mm/hm?,
and it was 21.9% higher than that of T12 and 7.4% higher than that of T13. It was very clear that
Shimail5 had water-saving and higher yield advantages. The water-saving irrigation experiments
showed that combining suitable varieties and optimized irrigation modes were helpful for saving water
and increasing yield in northern region of Huang-huai-hai Plain which was short of water resources.

2. The tests of fertilizer-saving modes experiments results indicated that: (1) With the
fertilizer-saving modes 1 (FS1: The N, P,0s, K;0 applied to winter wheat and summer maize were all
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157.5kg/hm?, 138kg/hm?, 112.5kg/hm?), winter wheat grew well and its yield was 7897.6kg/hm” which
was significantly higher than other four fertilizer modes. The WUE of FS1 of winter wheat was the
highest one which is respectively 57.7%, 43.9%, 27.0% higher than CK (without fertilizer) in Grain
WUE, Biological WUE, WUE,. The N physiological efficiency, Nitrogen partial productivity and
Nitrogen agronomic efficiency of FS1 were relatively higher and the results suggested that fertilizer
modes FS1 was better in improving the nitrogenous fertilizer effect of winter wheat. (2) The annual
yield of winter wheat-summer maize of FS1 was higher than other four fertilizer modes. The increase
rate of annual yield of FS1 was the largest. The Grain WUE of FS1 was the highest one. The integrated
effect of FS1 was better than the other four modes considering the changes of soil nutrient content in
topsoil. The fertilizer modes FS1 ensured the high yield and high water-fertilizer use efficiency of
winter wheat-summer maize system and it improved the soil nutrient content, so its benefits were
outstanding.

3. The water and fertilizer modes experiments results indicated that: (1) With five water and
fertilizer modes which were represent by A, B, C, D, E respectively, the annual yield of winter
wheat-summer maize were A>D>B>C>E.The annual yield of A, D, B, C were respectively 23.3%,
11.34%, 8.04%, 6.19% higher than that of E. (2) The total water consumption of winter wheat-summer
maize increased with increasing irrigation amount of winter wheat. The water consumption of A was the
highest up to 938.82mm and it was 129.9mm higher than that of D. The annual Grain WUE of D was
the highest one which was up to 22.57kg/mm/hm2. The annual Grain WUE of D was respectively10.5%,
13.4%, 8.7%, 13.9% higher than that of A, B, C, E. The results indicate the mode B irrigated
“Regreening stage irrigation water” just increased the total water consumption with little to increase
yield and WUE. (3) The annual N physiological efficiency of five modes were nearly equal but the
mode D was slightly higher than the other modes. The annual nitrogen partial productivity were D>C
>E >A>B. These results showed the nitrogen fertilizer evaluation effects of D, C are better than A, B, E
while the effect of D even better than C. Considering economic benefit and water-saving effect, the
mode D (The winter wheat was irrigated and fertilized before sowing and at jointing stage, the summer
maize was fertilized before sowing and at jointing stage) which was input less water and fertilizer was
the better mode of high water and nitrogen use efficiency.

4. The planting modes experiments results indicated that: (1) The average yield of dubble
cropping systems were more than that of three crops in two years and cotton sole cropping. In two years,
the total yield of winter wheat-summer maize was significantly higher than other cropping systems. (2)
In two-year rotation circle, the total water consumption of dubble cropping systems were more than that
of sole cropping and more than that of three crops in two years. Analysing the WUE of two years, the
total WUE of winter wheat-summer maize was the highest one which was up to 18.0kg/mm/hm?’, spring
maize—wheat-maize was next up to 16.6 kg/mm/hmz. (3) The economic benefits of cotton sole
cropping and winter wheat-summer maize dubble cropping system were better from the perspective of
using water more efficiently. (4)In two years, the ratio of outputs to inputs of cotton were the highest

one which was uo to 2.71 and that of spring maize—wheat-maize and winter wheat-summer were
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higher than other planting modes. Also, the net benefits of the three modes were higher. (5) The
synthetical analysis results indicated that winter wheat-summer maize, spring maize—wheat-maize and
cotton were suitable to be planted in study region while the other four planting modes should be
reduced. Considering the fact of severe water shortages in study region, the mode spring
maize—wheat-maize could be the best planting mode in the futher because its total water consumption

in two years was 257.3mm less than that of winter wheat-summer maize.

Keywords: Huang-huai-hai Plain, resource-saving, cropping system, water-saving, fertilizer-saving,
efficient use of water and fertilizer
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T RRWAHERRI AR -8 4R

1.1 finE=®. HHMNEY

REAOXZHHHERD, BRRVARRFELSROKE, BEHNRADRERK/ME, #5
RSB A K RE RN 50 R ESEN 13 26 14 (BFE, 1999), REFER
YHREEERTHEFZ—. RVYBARREER. RASASERNAHFF, XERBS5EEFE
BEXAE—R, FERRERERVESRNEFHFERERE. TEIREREEIFXHK
ERFREKEHET)EROEAT, MENEERNREESES, IUHRSE X%
BHARREFEARER T2 VE.

ERETRENTENE K PREM TR T, BMEFHEEER 50 XUT, £H
R EE, FTEGEA. B, B, EAHRnR. $EETER TREYLEESRE,
HERE, FHOH, EZXMIEBEELIREKE R 500mm~800mm, AEFHEE, BBERF
WHRERY. HE, HEATROBKEIEZAFESRNEFSIRXHEEMESN, BX 2%
A5, EWRAEGRAZAERBIZ (EK, %2000, EHEEMRVAEFEM, ZXF
EARBAR, KIBRBEHATER M, X HBIE B 388k BRHEX R AR BRHIZE
YVEREKHEERERE NEW, %1996, 197), HERRNTRAREAREHESLH
HELRBEATENHHX (XEH, % 2001).

ERBEAARR RS, HEEFEAREILR, K, wik. {LF. &8 LK. FE%7
BT RTR . 84T, HMETEEHERN44x10°%kn’, 52E L HEHK4.6%;
BAON2439F A, S2EEADMN21.1% (200448); HHHER%2289.5x10"m?, &2 E#H
TERH18.6% (2003E) (R, %2006). ZHXAMUETEBE. L5 BRI OM
¥, MALREEMRAESER, BURELME. EEXNBEMATHERBNRE, SR
ERAR S EM N R ATTRAER (XI%RYE, %1985; 78R, 1994) . 20024ERE, #dk
X BAE N 12520, REERABRMN2732% (RIR, 2006 , %X RHEHEDH
BHX K BROTEHBX, BEAPEBZADBARNENTERE=X, ¥ EHREHNTREX,
RAUFFEHRTFERILES, XEREMFEETERAEUT VN HE:

—, KERSHIFHEERTERE

(1) REMAKREARN 28124 12 m®, RIBHFAEAM NF, 2004), HHEFREAD
A%, NABESERNAN 2200m’, HLTHAANSEHREN V4 GKE, 1998; TsutsuiH,
1993; E£30k, %2001; BB, %2006). FIHEABBIHEEKRRE 21600m° (REH, %
2001), BHESEHEKEN R FEKERN 23, HIAHFA =R KEZ— (FEE, 2005) .
MEZFHRBOAODKENES, REKBRFERHELEES™R. REFHKSRELN
5000 20, TIRWAHKELSL2ELBHAKERN 70%24 (UL, %2002), KA REERHKE S
RUFKEER 90% GEMR, 2003), FHERBHFRTERVHKRKNEERHE Gk
£, %2005). EAREREISRMOEEETEKREHRTTERE, EHEXR, HMEHR
i —RARBERT, HEERAARREENGLEN 7.6%, ASH 453m’, HEEAHKF
15, REPEARBEEARENSZFHLRBRAENMHX (NEH, %2000, ZRKHEEH
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B, SEBKEK 60%~80%ETE 6~9 H (RER, 1998), MRUAEFBTKHFNLR 3
HBES5 A, BERALE, KHURRVEFRAIRE. ZRHRKBFENRE URKILIRH
TSR AT A IR, BRI R R TR RIERANAE, 8 Em. FtEMARE,
WHARBER R BB TREY G, 2008; XX, % 2008). FHZXKsTAD#M,
WHAY %, EREAKEHLESEHEMN, SBREBUREDREISE, RUAKENK. BF&
FMEREKIHAER, ZHRAKBERAERERRMOBAER. HATE, 2000 % FR=K
REPIGHAKEN 819.1x10° m’, HHEKEM 822%, BUKEIL 178% (BHTF, %5 2004),

(2) REASBHHN 0.094 A, REHAFHKEHN 12, REFFREXBHER Y2
it U6, $Hb SR RBHEENELE & —FRE G, 2000 ELEASHH 5 H BN 0.101 hm¥
A, EEBRHXHNTLETHKE, RELIER©0038 hmVA). FH0.052 hm/A) At
HEBDOFARNY . 3T 20 ERBHMEREWOGES, FIHD 7.89x10°hm’. BiH g E &
AXBHEBE 84.5% (RH, % 2001), KIRPE=HNFERFAZTFRRULRBHEER
HE, HEXHRRAANEMUERNEFERNERER.

=, KERFEZEFRAREK

(1) 2006 EREHRYAK L BHAKRN 632% TEHTER. MREERKOFHE
WK 43%EH, REEBERKATH 60% (FER, % 2008), i HRBKNFHEREHATH
50%, L7TERMAHMERTH R LEYLHFTRER 2~5 . KEFAHEIALS TR A
KEM IR EA. HEBTERAX BRKEHEEK. AKER, BRXREDKIKSFHEBED
RIE, HHATHEKEERZ, BTKCLRNEEMERKR. X RNERER
% 023x10%m?, (HAEN 42% (FF, 2007), MHKERTERSBHERY 26.21%, BE
BRI R 15.35% (30K, %2007,

(2) REEIHFAAOKE, BHELFNRBAAOKME, SHUNZERD, BEES
Fils™REE, REREETRFABRAANIERR. MREMMFEARTFEIL, BH2002¢
BURAED BaTiH R EIEE (LAE) ARBREZNER, 2005FEPBELBRNNRECLETIS538
W (3K TiE, 2007) , EHREERLGLIR5% (HefferP, etal.2006) , 2 E A FFHERLILHER
BO#8it350kg/mm?, 241 REHAKFRAE (FKE, %2006 . B TREERIEER SRR
RAEBRKRNBERRE, RPUERERRBATIEHSERN T, REEZFRRIENE
A RNLX, A EAEY IR A & B3 $1450~600kg (N) /hm’ GRABSE, %2009), {HEEHEH
MEFHEFHRAE0RESL EEN, %1999). WIEHBREIHE K KRBT RBIREK.
HTRHEN, tETERESET LRFRMOKERE, WNT ERYR WFEFHER
R . BT B S A R i U, (AR B IR R R R A A AR R, .
HEANFAEELTELMRRERRERET, BABREEET, LREPHMUERMRER
#25%, 0~100cmt 5% B % H25%~45%, —MAEARINBRIEE X28%, FKREH404%, H
BRI E H33.6%, BTEEN9.8% GEFRE, 2001). HAKERUEFERHBEH
Hrh, Pe—ReIER A T KRR S BEBIR. KEEEHRL. BESENHRE 0%
LBFROEFEFERARER, HE2WAXRRNLS. BFURESKE.




b E R REBEAR |- #4113 B8 49
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=, BEFERBEHNRFRRERIRANEERX

HEREHRRWASERLP SHEERN, EREEZMORRETEN. E1F, £RE
9, ZPEBRHERELEK 36%~40%, FRAGEEN 50%; RIEEHEE L 2EEH
EHH 32%~42%, F=RAGEEN 0% EERBHERSEZEN 27%-29%, F=EAS5EER
A EEMN 30%; KEHAEHR G SEBFHEERN 18%~194% (EIK, %2007), BELTRY
£EBEN 354% (BEFE, ¥ 2003), TLZXELERWVESTRER. HEK, RERE
X R R BEAT RO, BALERUNEEHIRENR, CREEREXRKEY
ZREMEERE,. ELANERRTERYRLAFMATROBERT, FESERARERERE
KERART A, RERRBEAMENE EXEREEDHHS L.

BHFARMEDFR, ROEERR, BENBRRERHENXN LR AROBE, LB
S, EHEMAERBNLESFARRTRERIWERK B (FAO, 1993). HERTEERE
RAAEF=PEIGH & F R AR P ROABHX, ZXK L RENTREANAEEXRIEXTIES
ERUMTTRERBURBKES. ERERARE. RARUBARNE. RERVTRHERE
XBNBETHERVVERFETARNRLEH. TRBRHFFTARREHERRLARBEUR
EZRRUFERFANAMRERERENETRR. b, AAAEEEZRFAHAYNAK, ¥
JE. HHERHEFARNRBFHORERNSER, MBRERETARREIEXSREBARAKER.
29, B TR RARORLRR, SR OFLEMmEROANLSRIRB&ERNTE,
BERAERE, BIEREE, BEFERR, RHF25F. HSAEFHBHARRE, BRARIERL
W RER R

1.2 ERMARIIRK
12,1 PKREAREARATAR

BAE, 2R TRELTRARKAEHM 6 L2 AW, A4HFBHERN 42.9% (FHKXF,
%2002) . HRREHMERRLY B KEAROFAERRE, BHEAETARLFRNH B
Z, FHR. FHEAFRESEERUTKERBHTHIBRE, RURAAETAKMHEER,
BEVAEAR. WAEAHF. ARARERTKEREREETE RS HEA 2 TRAHE
FHRRE. BBFEZRINAR (REM, §2005) . TEWAHAE, mAXMHERY K. ¥k
P ARMEERK, RENBRE, LHAMEER. FRIEREA, EENEERAEH
MEHLE. REGANE, MUETKEDRMONAE, RPESHE, BRBER. TKEAS
il RAH. BkA, BEHFD MERERAEEER, BHEZNH (4%, %2004 . B
RE, WS RBERARRTKBREFNRRET R, BREREKORERRED, B
ZH R () FHERHRBHAELLEH, RATKRERRRREE (REMH, % 2005).
REBAFRERWEFEEPERAER (%) KRAHE. BHKOFRRE. KBRFENA
FENTRERFHEEBR.

F AR R R AP M AR R RATKBERARER R EEKFRAHN
EEFR, RBERUAKGHAKSFIRRE, Wb LR XK R RERAI A
LFRE, BAREREARKBAREIFERRAM. BERRUTKEFEAR. AEHE
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% (FLEH, 2009) RBEEAFEK QKREEFER, FEARLFESH, BILUKDS
TR RRRHE L & AR R FTRERIEREEFERRARRN . T RGBT KRS BB
R EHR, % 2008) . LAEFY 20 A 70 ERFF X R SHI#AT KB A%, LITUAE
AR EMH OERRRWEH, T T REBERFEKR R ARBHOEE (BFRE,
%2000) . EEEFENMRTRBXBY THEAL-EREERE, WOT 3%HEREN
ARHHER, BREFRRBRBIERLERET 90% (V.GAllen, et al2005) . MAFMLERR
RBARBYTARMRERSE, Fo4HXESTAUARTROBRARESEEHE. &
RIAFHE-EHARLE BUTUKSIHEANANRAKBG S ARBRNTRERERSA
(M.L.Poole, et al.2002; E.Wang, et al.2008; DavidJ., etal.2004; Groantiwar S D., et al.2005) .
REMRIF T AR AREHBEBIR, W: EHW R AKEF, FETKEMEEDBERAR,
HESRFAKEY. BT RERBRFMHE RIS RSN E AR BERTUERRESFBX
F T AR R AR A TR HRKERE (HM.El-shajxr, etal.1997) .

RETARLYKERET 70 FR, 80 FALRZIBANLLEROEERE (FHK,
1999) , EMERSRGHAREBE HERM LEEREER, S RERLARHNMESHA,
Rt E R HEEHTAREEBRRRRRERGER. ATHXEEULDE, BEKAGEMN
ESMHEFERRECH KRS, B X EER UM E L AMFHRBCTARER
Ko W: FERWAESPERUHFHER BERT T SELTERFRETENE, REKFH
ERAKBERFREAT R, RUFDPEEFNE—HAEK (EEH, F2006) . FEEH. &
FIALAE P E Gk K B L X SRR AME AR (R4, % 2003) . BREEILRAK
LRBEHNRENARRE, MEEZNR. EFAK, BEREN—F, BURZRIBEARS
A EHEE KA HAREBAER (FRR, 520100 . HFERHFRRLXAERTHEH
ESARRAS KREE AR ABHERR (ERE, % 2006) . RILHX KR HRFHEBHE
AR, B ERBBAF A KR AR KRR IR T KB R
KEVKEEREREERE GEER, % 2008) . THETRMXNERRHRNEROME

CERE (ERE, F2000) . A-BERRTKREER LEL SEAREA. FERREAEYR

REAFYE R LB th AT 22 ) AR AT (BRFERL %% 2005) .

REMWARERFR LA RREDKIFARE, WARK. SBRELRTENRR
fE=REHTHRT EEMA. BR, ARORMERTKEARRE EEE. BRAEHRE, R
WA FREENELRAL, GRTREVKEANEIRERAURERE, HiR% TREKH
B (BFEHR, F2003) , Fit, EERTKREGEARMEATRTIER RN NS ERULTKH
AR R MBI E S TR T KB AR

122 TiR&ERAHAR

HRERER & E EAARTERNER, HALEEERRE TREDKSE. BW, R
A TR R A Tt R 505, BRRFERK. AEEROXRSANERERVRER
AR, H5IET LI, BEA=RRESHE CRER, 2008) . #EH, REN
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SRR HERTY 28%~41%, F¥I% 35%, BALN 20%~40%, FIEN 30%~40%, 5KEEFKH
HMERKEE (T, 2009) . BRORFEREEH CHERE) , —5HE ALk =
BETH. SUEAEERE, BRSFASTR: 5—FH, SRMERELHTRRERTIH
BER, TETREEAL 30%~50%2 L EMEEAR T KSBOL FAFRRESE LA, ™
EGRTHTA, EF—HB2REELN NO I NO AXSHE D, SIRASREMTERL.
MWIEZE T AR E Rt th 2 ERERRIRERR, 5HIMCAIA T RATEE R 5 1A
CRATENESR, SHHEEHTREAE. Fi, 3B EYEFRRTRRR AR H A
e, BOFEREYE, REWALAEHANER. ANRCREVENER, m: FEEE. &
MK, BOCRREENEIN, ERARMETSE REASMOYERNRERIENRRNER
.

B AL EA A 2.5 30 R 5 AR B R R SR RCE IR R, A RIRARE b i A ) A
HRTENSETARMAAE, AHUASREEIRHE. W: M. EXERBEVEER
FEGRHE, R BERKATRBIE 1 526 (GRKR, %1990) , REFMLR T MR
FIEX 13 &4 (FLE, %1999) , K. B, FEESGTUAKXRRED =&, FrmE
&+ NO*-N BREE (WRERI, %1999 %. 4K, REZHXEERTT WA, &
BT TRER. %, FENAR, AEFHEAYES> T EOFTRRER, W EXF
WHRIEHR (B2, 197 , ME. ERSYERARE (HEE, 1990) , MERKREHR
PEHAR (B, 1994) ML DFEFNE—HRE CRER, 2008) %. REEGEEIILE
FAMRBRENER L, BIZALH, BYTHEIRENREERLKR. PERVAFES
EFNEBFAMGER L, RETHAEYERANEEENHERLLR (FEE, F199D),
BRESBWHEEN R RAREEERAR, FEEYNXBETPHRAEYRARERRLENZ
WMEARFEEARNEIEESEER. B, JEREFRCLENE (HER, F2002) . X
X (bhdE, %2006) . KRS (BB, %2006 . W (BREE, 520060 « &R KEE,
4 2003) SEHREY LBRFRNA. Bk, BAFALERIHRANEZR, FECEHR
ERERRANER b, BUREMEEREAR, RH#TREEEE—SRALHAHRNERR
.
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KRGS RAWEKATROHER, EIENERNEWRALN. SEOKIELS,
BEIABIBUKIRAE. DUERA, KIERAFAME R, TREH (REW, %2000 , K73HEEH
TEFAOERE, BEREREKRFMR, HiEERL, KBZEHEREHZLER.

Hal, KARFIEPEKNERELREALERTENFARS, RHUNKIEE
FIMFAES . K Latiri-Souki (1998) FHF I #/K T B3E W AP B 3% 93 A TYIRE,
TR AL ENERR, EAREERM SR LYTRBERN. Goods (1999) %5}
RERW, EKIMEEGT, EURNELERENTEDEK, HBEEIMEKIHETENE
EKRESS. HEREAD HAHREEN~RTRSR R RSB R, Michele Rinaldi
(2004) BTG, BRI TRSKBNBRAERF. HEREKAEREN, ERRPHL
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BEERSE. RRRIEWESN, HEH CERES MEMAHT T HHNNAREYE RS SR
B TRBREMRIAT. ALGarcia (1996) FHIA T =M ARRRATX F MBS A HILM,
RAPBREATHRETEIY FBERE, HRAIEZE. EHE (2004) FRAERH
B KRR R A BEHIAN FEHE K I B B TR A /MR BRI, e RERRE . i)l
(2008) %, FARMERFROMARELRTRRKRERKER LRV H. ¥
KEEXF=RAHMOER, BERLENE N> E 238G, ERMAESATRNEMmEK
KB, BAOH, BRIEBAZ—EREHEMEAL~RRTUMEEK. #2E (1995 FELIATE
H WA KERTE MNEPZKE=BOZERNIREREY, WINRERTRREDERN
THAS R AER, BIEGUKREIEAR K CHIE TSRS MRS, AFTRREK
AEFERE. e (1996) HIRIAK, KaEE, HEIRFIHK FHEHRE) , BHIE
EORAAR, FERBUCEERK, BWEVRANFRIER, PHTEDREFSY. K25
Bm T RENIRRAER (FHER) , DRENFITAERFINBERLIRA DTS, %
U

FBENEEEURR EHRNERTELRCKEE N, REEDHKIFHERR. &
HOHEN, EHETE, EMRARRE, BKEHBE, KOFHARER. BB
R — TSI EMRIF AN, RERREK, REKDSFHARE: H—HENEREHER
WOREE, WEEN RN RTIMERANEKARKS FOMORK. EFER, REEKEESRN
HHEMFRERKER. B (1997) FEEEREHRTR. B A=ZFENEFEHN. &
REY, KEESHFERME. FRE (2000 FRIVKELER TN PZKIFAREEEEEW,
Bwmirh: AK>p>E. K, B, RHERENKSFAREMRARERN, TEKENKS
MABBRAMN. &8 (1999 %, FEE (20000 F. BRE (2001) FEETFRR BRI
THNAEWEF. #o (2001) FEXSRELEK, BETHEIGEOERM L, BT
ZHRRARMAER, RAKEMEFREREKELE. BKEREEY, gUs—ERE
HREH THRAKE=ERN, BIHUEE. RAEREBFTE, HEENRKIEE, A3
JERAK. BIKRAE. REAKEA, REKSSEEKFMERE. 55t KE—BUEREREDT
K. BICHAE, RETREENFSRE, BEEEERIE TR EAILH S0 AR 5
T BRI K — R LB MR B S . BN ERMEEMEIEYREMEN L
REARTETREEPRARTEKKE, FEERATRGXRTRANNEENTKE, &
B TR, K5 FAFAERNBRR (DR, 2008; @K, ¥2006) , B%TEENR
FERHAERIER TR K FE.

HRARY (FEEK, 1999) , —RELTHK. ERAKEMED= B8N, EAREHR
R TR, R S5KE—ST RN, MEERRRKBERER, RIREXXRE
KRBONZSAHEREDNT AR, ARRREYHR, BAHR, K2 HHEROEY
s, ENERRBUKIE. FREEE BRSNS, N5 RNARR AR KL S
WA R K2 FOFR A DRI, KB 7= 3¢ R (6 R A KRR B 3R 8 E R s
HIE
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R R 18— M X Bk A = AT E WA R, BEE. BB SR RSHERRN—EH
ARhZ. REMEEXEEEH, TEUREE. EHMEDHRRIRANE 0 BFSREY
HEFene, FREERRS=R: BHAHERK—F=RAEHBERIBERT, R
REBNE (W) -FX (KE) -HE=AM, WRELAE=R: 8. &. ¥. FKRKELIH
FRAEEAR; EHERAEEMHEEET RS R, BREEX (1846, 2010)
DR BB, BERE. MERBTHOME, NAHERR, EALRERKLKERRF
HFEER (UEX, 2006) , FMASHEX DREMESEHEIHERR (X8, %2010 ;
BPHXE. BERREAMEER (IMT, 520100 2. HIARH, FRMEERESEDRE K
EERITKEANMN, FEE (2002) WA, EIEDMRE, ERREE LMWK
M EAFAE, Fi, KRAREDRERNRELTTUENAZNK S FIHBZE (Nslam, et
al.2006; A.W.Lenssen, etal.2007) X ZFKHHM.

AR E . R RBURRE, FARHEEE RN BRE R B R R B DR
T &S FRBX FESHARAMEER, £BiRLAERES, FEKRRERAEE (BAL)
FHREE, FEWE (2005) XEEEFREZHMEEET T ERNESRT M, BHZ
B b A 7= PR R AMAE B K B /K SRR B AR A B X AR AE R I A AT R A 2 58
3K K REERFERAENMEE, FEEEFRT ARHA. W EEEBX N EMNEER
XPMEEER—ERRHNZBEKEHNARENHXFTRALRS, W: 2R (2004) FRHY
EMREY X 38 A DMREER—RERIEREAR. XXE (20060 FHAMEPE-EEKE
FE—BUEFERIEEAR. KFH (1999) FELWFESREANEZEME EKREH LIFHLH
RIEAREENESRALERLAEHAHAR. TEH (20060) FERILE RFEZEHAHEB
ZPEHKEIRELRZNE—REFARE. XERERAAESEELRETF, EATK
EEX%FHSERTNE—. EEF (2001) , EBEX (2002) BHFIEE, FPEEEKR—F
FARBENKBRUERE, BT KEENEKE. REFEABEHREHR. ZEEAR
ARG T REFHNAE, EARTHAXMEEAN, WHEBRE & —EMEE,
BT X A E MR R R B AR B D, B BEXN AR MR [ R ESNL B
BATHA R, URARAES B FREHMEER B LD ER SRR ER KHE B
28, feEAREETRARMMXNA, BEEH RERBFHEER.

1.3 HRABZHR AL

DUATb g R E D AR, B TR URE MR A R AR AR AR RR
5, RRARKEFEDK. B, ERFERAN—LEMSH, HRES LA HHBNER
IR, WIRER, AERBF AR AR, DR R RRTARRERR,
HWERRETARRYSH, BABFSET = (WK, WL, T KR=8" (B~
Bl R0, RERLTTRERE.

RAEFRARSE: () BEHARERMEATAIE. EEREERREGREDHEK,
MIFAER s AR EARKSFBEI, FAREREENTTARE, kB
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BRI /NE-E ERMHA RN KERS R QBTN RO REEANATREDNEK,
FRAAABRERN &/ E. EERBSRRAEGRIEK, WRE>RKRMAFHEW, 2
WREMIESR, FRESTFARRYFFETANTHERRERMBERER. (3) BIRFRN
KIEERNETLAE-EERREGR, BRARARER TEARIRLES. FFOBE. K
BAERAERARRS, MEEAMARNREKEREAAER. (4 ElLBFTRX R RR
BT EHEMNER. APRREHHERRRREHNEN2FERE, BRAAMEERN
BN S, SRS B M A P B R RLAR R, ST LA D B AR M R B B ) A
HEARBLMTHE 1-1.

T Jb S0 B R AR R
FikERAR WEAR KRR PR AR

SR, BKEFE. AKRERIFMAH R E N
v
HRIAE
!
RIBATK WAL, TR R RA KA T R

B 1-1 HARG
Fig.1-1 Technical Route
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-5 FRERRAMLENE-EERFESKIFHBZWE
2.1 1R55#*%
2.1.1 RGN

RE F2008~2009EBEAEFMILE RFEYHES (37°4102" N, 116°3723"E) #17, ZXET
HRETRERERERRTE, BiR14n~22m, $¥FHE, HBTFKMNTm~9m, 463808 Rk
#t, 0-20cmt EFAESERIENKI021gks, 2% 0.70g/ke, MMER62.73mgke, H ¥
10.37mg/kg, HAH35.93mg/kg, pHS.13; 20~30cmt B4 & HHUR9.9g/kg, 2% 0.55g/ke,
WA E45.00mg/kg, HHPH 6.79mg/ke, HRH30.49mgkg, pHT.76. %X B TR KMHER
ik, £FZATH. EFERELE, $EFHRR129C, FHMREHN552.7mm, T10E4
MEEKZTHFEK0mm. AR HRKELREKRAT8mm, HPAIELEFTHRARN
148.1mm, EEX4EKFB6~9H)¥/K559.9 mm, &4 HMEKERNT.1%.

2.1.2 R

RB F2008E K FF 80, £/DFBATRE - PHE, BRHEK, HBHHERE SAKKERES
B (N-PyOs-K,O: 18-18-18) 750kg. 20084E10H 16H %5, #HBH & H262.5kg/hm?, 20094£06 4
07HW K. EEKTF2009E06 5 120 ##, HBAGTFEMHNE LEEYE, BRFHK (75mm), %
MR, EHEEAME (N-POsK0: 30-12-12) 300kghm’+Z B AE (N-P,0s-K,0: 25-10-15)
37.5kg/m’. AR H52.5kg/hm?, 2009410501 HibcEk.

AARRKXARX &, EXALBEHBRLPIELF: FEL2AAE 15 BIRKAI=ME
WAL BEHK (W —K, T5mm) . BEERAHRTTK (W2: ZK, 75mm+90mm) . ¥
FERAK+HRTKHEREK (W3: =K, 75mm+90mm+60mm) . HXERN 6mx15m, EF [
Im REH. EENARERLEY WK 0.5m REHHILAKMUE, BHHES, ER 3K, 18
AMRR/DMX (BARRI R B3 W& 2-1). ZWEMAREI 25 k. 2008 4 10 A 14 H (&3
KD\ 2000404 A 10 B GRFK). 20094E 05 H 15 B (EXRK), RAKREHIEHGREK
B.

%21 ZNERRLESR
Table.2-1 The scheme of winter-wheat irrigation treatments

g RE JESHK (mm) K Fi7K (mm) EXK (mm) BEKE (mm)
HE 22wW1 Til 75 0 0 75
HE22wW2 T12 15 90 0 165
Yz 22wW3 T13 75 % 60 225
HEI5WI T21 75 0 0 75
R% 15W2 T22 75 90 0 165
A% 15W3 T23 75 90 60 225




 ERNAEBRE 2603 FoF ARTAEREAN LN E-RER™ R S5KYFAKER

EEXEADMEFTRGOER L RHSFXFRMERLCHE, B AREFE 22 BREH
IR G AMFRIEE 958, AMELFE 15 KARHBGREEHMAERE 20, HHMBEMRIE
EERDH K. B 22358 958 WAK 1588 20 (B 2-1).

A 225 WHARE RUAE 15-R 8 20 BB RABITRESES ST,

R IR RE, 7 RE R R — R .

&2 . & .
Wi W3 W2 — | W2t W3: - Wl — W2 Wi: W3
RIF X BWF Z|R(F £ | K|F £(RF X\ R F £ X
Plo2-% | B8 22- % | B2 RI2-H #2228 H 2B R
17 | B 9S8 | M| B 958 | M| £ 958 | BE | B 0S8 | 5| B 958 | | £ 958 | B
% | # |
G moofil B '’ OE
Wi: W3: W2 | — | W W3: Wi | —
RlE % |m% %2\ REx| k|52 |m5 2|85 2| x|
FLIS-R| B I5-R | B 15-R RII5-8 | E 1S5S-8 B 155K
T %20 || 820 | $20 | B[ H20 | W B2 |H B0 | K
i w1l

21 FHLREETES
Fig.2-1 The field schematic diagram of irrigation treatments

213 HEXESNE

L3.1 KR MEfEpHkR. HEH, B ERTHRE. LPEIHTRR. FEHN
BRI —K T AT ERAR ENRTES: KRRANERNER, HER
RAKEREE, B EBTHRBUET 105CTRE 40min~50min, HFE I5CTRTEEE.
EEKRZAHTREH AOS. R, ERPIAES RGN DR K — B e BRI
ERHITEE, HHEASMEZEERE,

13.2 PR ighR: £NFREFES RN 2m” MRERARITEASH, WHAMEROE
¥ SEAY. TREFHEFENEYER: EFEXRRNS MXRERY 6x2m’, ZEHEEH
ERERE, REISHMPREMETUSKRITETE, FLUAPRAESKE 13.5%4H
HESFFRREY ',

133 LA KR, L E, RERBIALE RXBEFTHU 20cm Hh—1F, ARLH
T E S/ PHX 0~200cm )+ EAKE,

214 ¥E. 2RitH

THEREKE (%) = RFHUTERTELE) MTELE
THEEKE (mm) =§ (AixCixZi), XA AK—BRIBHEREKE (%), Cih%
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R R RERER AR B8 ARTKEREARNE-BE TR RO F AR
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—BERHHAE (gem®), Zi HTBEE (nm), i HHHEEK.

REEKE: FAKETEHFBRHEREAR (ARRHTHE, KERURBHERE):
ET=##77 1+ 1% 0~200cm K& (mm) +FKHHXENE (mm) +EKHSERKE (mm) -
WK + 1% 0~200cm KR (mm).

K5 FF %% WUE [kg/(mm-hm?)] =Y/ET, K& Y X8AEREWHSH~ & Kkghm), ET
HEYIH EFEKE (mm),

B K AR B3R WUE [kg/(mmhm’)] ={EFFRF= B K &

FIEKAFI IR E WUEkg/(mmhn’|=4/hE 5 E R AE L= R/AEBFREAR.

PRI %4 EF Excel 2003 § DPS 6.85 B At B R GHAT 087

22 BERESH
221 FEEREXMEMEEKEFHEM0

2211 HENEHKENEKR

KPMEHBRERREBARRESBENXRRAE, KRIEZHHNFELEAHZE (K
B, 22003) , B 2R FRAERER TAMERFERYMKRERL. BE2-2TR, FRE
WAL EN BB E AR, BB, ERHEREZ M. FFEME, BaRSAd
KRB EERTRERTKEENKR, BAEISHEKRESFE2EAHR. #
g, BoKRBEKNAE ISHERERMR LR TR _KRR=KMTE22, HERE
BEER. ME—AKPEZISHEEEERTR—KNFE2, SHKMBEZKMFERL2EL
#HFE. L3S, BEISHEKENEFTHE2,

80.0 [ OTIOTI2 b B
70.0 F BTI3ET2 abah P
~60.0 | m1o2@123
gso.o -
0.0 Foaa,,as
R T o
"0 rl K}
10,0 [ [ 1
0.0 NP7

2 3

B 2-2 FRERMR TEPMEFREKRKHREEL
Fig.2-2 Winter wheat height changes of different growing stage under different itrigation modes

Blsp: 14R7%H) jionting satge; 2.FF1E#] flowering stage; 3.3+ %] medium milk stage
B RRIEXERFRE 59K F LEREF Different letters in the figure mean significant at 5% level. T Same as follows.

2212 M&MEHBREHNOEE
B 2-3 iR, RTHAE 15 (T21. T22. T23) KFSH ERES (LAD ®TF3£ 22 (Til,

11
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T12. T13), FIFH 17.4%. FAEHHANGFE LAL ARG KKLEEE KT RERTK
BAbE, RHRIFANENERNHEREREEERW, WAE 15K LAIYRETHE 22, ¥
BIEM 112%, BERAEE. ERFPHRASMHEERSIER LAI KIE TR, BR=XKNA%
15 (T23) W LAl EEERTHE/LME, RAELKXNAE 15 EKEHNHERE —ENE
FERRE.

6.0 07111 ATI2

L, BT13 07121
Nabk] BT22B712

Ho
Ho

To¥e%
SRKeI

<
KR

NS
S

R

LARKL S

2-3 REEREX TSI EFEEKBHHERENEL
Fig.2-3 Winter wheat LAI changes of different growing stage under different irrigation modes
;LAWY jointing satge; 2. FF 1R flowering stage; 3K K] medium milk stage

222 FREEHRERNZNETENZ

2221 HEPREPFBRHEM

FYFREFRED= B RNER, B 244, RAMHEASHOTYRESAEERER
g sm. X T23 MTURERT T21 5 122, VR 144%, T T2 M&T 121, H
ZELBELR. TI3 BERT T I T12, EHEH 35%, BT 5E TR ZEAXEEER.
RAE LS, T215T11, T225T12, BA#E 15 ZHERLGENFITHRERTHE 22, BTI13
513 %AxMRA. U EERRE, 7% 15SHKINBEERTHE 22, BEERATS s
RRENEYDR, HENERE. MFE 22 MASHOFREAXTEKR, NERBKARTKKE
VRFIAERS, EXKAHAERBAEYERNEA.

-
o oo

l

oI
|

FYHE (X 10%ghnt)
CPL Oy

O N 0O N

Tl T21 T12 T22 T13 T23

2-4 FRAEREA T L NREBREHTHR LY
Fig.2-4 Dry matter production of winter wheat in mature stage under different irrigation modes
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2222 HENEZGFFEEREW

A NEZHTERRHEMARES. BRERTHRE=/RERE. FREREAN=EH
REEWE 2-2. BF 22 TR, FRERLENHAMLNEZNANERBEEEERW,
FT K R L T AT AR St s n . Bop T23 S AR ER E, T11 BEEIR. P
FhA/PNEFERIHBERBRE MMM, AF 15 SERGE> A RERLCRNFE 22
B B . 0 P B, T22 B T21 3872 9.7%. T23 b T21 37 12.8%; ifi T12 H. T11 #7= 14.8%.
T13 W T11 87 25.6%. LLEZRUHA, A% 15 FE 2 HRHK, EERMERN hEEFE
BHEER.

%22 AR NEREERER 0B E RN E R
Table 2-2 Yield and yield components of two wheat cultivars under different irrigation modes

i3 BN BhY FHE =R

(x10°/hm’) O] ® (kg /hun’)
TI1 598.1d 25.6b 43.1a 6606.6 b
T12 685.8 bc 27.1ab 40.7ab 7587.0 ab
T13 689.4 bc 285a 423a 8296.4 2
T21 667.5 cd 274a 40.6 ab 74524 ab

T22 752.6 ab 282a 38.5b 8175.6a
T23 7923a 217a 38.4b 8407.5a

RPFAEXFRRIFE SBKFLEREF Different letters in the table mean significant at 5% level. [ Same as follows.

223 AREEMERTLPNETIEKSHAEKSFBYEHZ MG

2231 F&NEBELTRKSHEHEWE

S A& /N3 E T 3K 2 28 A0 AR T LAk F (R S R 5 KSR M A AT SRR K38 . e
25 (a) (b) (¢) FimA: FRMEAMEAFRARBER TARETH LRRE S KERUMH
EHE, HPE () HRAH (09.04.10 JsE, B: HIKRZAT, FrALE RELEHK);
(b) HFFIER (09.05.02 WE, HHKEE 20 K); (o) MBI (09.06.06 Wi, EEKERE
2K).

mE (a) TR, RHPHSFHLPE 0~200cm AN TES KRB BHELMR, HE
B AR A K A, $FE 22 (T1) % 100cm LR LB S KEEBF TAHZE 15 (T2),
HERAEE, i 100cm U TFHELESKEBHRS, % 100~120cm L2, HE 15 LHEAIKE
ERRETHE 22. f1 (b) TR, ZHEKEH 120cm A ELEEKEBUBZ, BTRIK
M4bEE (T12, T13. T22, T23) 7 120cm WA LA+ A /K RE B0 & 5 F R B3R 17K T11 1 T21,
i 120cm B\ F #9+ BERZRAKZ MR ZEWRUTE, KESIEE MR, HHLiT— A RER
$ (a), FFHER] (b) 7 120cm U F LA KR EHEARMA, TR, £DZNEHZFES
MK EEF A K 120cm LA EMIKS, WA 15 7 100~120cm &K R BET AR

13



o B R bR BT H 2R B8 RATKERERNENE- B TR~ R K FANE R
B e = = ==

BATLREX A, FEHRSTH—FHIAE 15 X~ LRRRKORKEE R THE
22, (¢) AR BB HORITEE, TR, KARUBZIMLER 140cm KA k. 0~40cm KR T
REREKOONMEEN RS KRR BRTRIELKOHLE (T13, T23), ZEERHHE
RAKMRTRZELEHKSFH. 7 80-120cm T2, TI1 THSKEHBKT T21, HHEXRE
BpX— 8, & 2 Ak EN ERKOREKETAE 15, TRNEERERHAERT, T
BRMTHE 2 ORAETH, BEHAMATHERELIAGBHAA. 40~100cm B K TiK
B 22 (T12) ERBMETRERGAKKNAE 15 (T22), HHFE 22 EERIIRRX—H
xtHHK S HREF A ERTAE 15. T 40~100cm T13 A1 T23 MRS KEHERT TI2 &
F 122, FERMTRAHLNEETTELKNIE, EHENBRD T3 EHAMEE. S0
SIEET A, RS L, EbEB— R EEER, 7 0~140cm BHAPMENEKKRE
TEEKREHHE.

TR KRS A KEY bt oy &
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
T T T T T T 1 0 0

20 | 20
- ——11 20 | 40t
T2 80 F /é 60
E a0 ~ o8t
i %100 ﬁloo -
gﬁlzo ﬁlzo -
H 140 ( 140
160 160
180 180 |
(a) 200 - 200 -

25 FRABRATHRMENEXBEWHLRKSEUHE
Fig. 2-5 Soil water content in different growth stages of two wheat cultivars under different irrigation modes
B aikii% Jointing stage (09.04.10) ; b.JF1EH Flowering stage (09.05.02) ; ./ M3 Mature stage (09.06.06) «

2232 HENEFKMKSHRYURHKE

ERABREKERN L IERSFIRARREEHNARERS (BRM, 52002; ZAF,
22009; RKm, %2008; FAFE, %§2004; FLEH, %2009 T, %2009; FiREE, 42003
HEWH, %2007), EHFALERR—B. MNE2-6RF2-3TR, SEERLNE RO KHNFER
BEEKRMWMTIRD, BANEBRARS RO KHERZ RE—ENRBERXR, 58
INERR )G & /N S IR TR B LK k. ST AAFIARE, FEEKREFRMK
AFAMEREE, MEAE—EERGCEN, “ENKIFAXRE - REAE. HP, T2
MEMWUERR, HTI2H21.9%, HTI3874%, #8, T2R2RBAENMEE LK FIHKE
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B RV B AR AR S Bo® ARYKEBRERNZME-EEX™R 5K FAKER
e ——

FERARS, ERAMFAKBRENRET =R, TOAESTBLEZEN~BEEEER,
EWUEHET /L. T2I5TBS5MNATISTI3HRC K HEREART. BMEHTRRTI2
DI EETIHAKS3 mm. TIEBAKKSRRREAERSM L LEERBAEMTIRE. Salll
ARERER T AP EBMEEYLROKNER, “ERWUERAKRE, AEISKLEE
(T22) NMUBERAOERAKR, TEGERNREEYYKNREE, IREHAGEK.

DRkR DERE OLREKHNER

500 r
450 .
400 | R
E 350
~ 300 -
" 250 |
¥
¥ 200
W 150
100
50 | L C L 7 . o
0 ' 2 L v 4 2 N i "
Ti1 Ti2 T13 T21 T22 T23

2-6 REIERMR FAQME MRS EWHFEKER
Fig, 2-6 The components of water consumption at full growth period of two wheat cultivars under different irrigation
modes

% 23 ARSHLNTRARAATHKSHANE (WUE)

Table 2-3 Water use efficiency of two wheat cultivar under different water modes

is:d FE 22 R¥E 15
Til T12 T13 T21 T22 T23
R 7K & (mm) 148.1 148.1 148.1 148.1 148.1 148.1
% B (mm) 75 165 225 75 165 225
HECKHHER (mm) 2043 1443 674 215.7 91.2 88.9
EFEK B (mm) 4214 4574 4405 438.8 404.3 462.1
=& (kg/hm?) 66066b  7587.0ab  82964a  74524ab  81756a  8407.5a
WUE (kg /mm/hm’) 155 16.6 188 17.0 20.2 18.2
WUE; (kg /mm/hm?) 88.1 460 36.9 99.4 49.6 374
224 NG

RBERRNE, WEBRAKSFRRERSTEE, AF 15 L 2 F W HikRS. &
FEBLET, BE 15 FRYFTHE 2, AF 15 B KEBRBHOFR-ERNBRRTKY
MEME. X—FRERERY, RUnEREXERFEEN S AERM, FEEHRHER
HHER T RS S, RRRADEFEBNASFARENERRE. RN, NTARERREN
HERTRA/ME-EEX—ERPOR TS, BAEENHKR S/ E SRR ERAER
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o B R R B+ A RS FoF FRATAEEERIN L E-E X8 S5KAFANEH
e e —————

Hg4E, MUBRTAMELENAES, TMEHBTRASHENEN LIKHHEED, BAT
EEMEEXRAET RFHRE, EbsaHTRIELFERBEDSER™.

225 FEEFEADEME-EERAECENTID

2251 FRERRXTEN-ROTM

B 2-7 W40, BBSANENEYE R HBEERR M MTGEM W3 LBENEYER
F w2, BEET W1, H5IEH 108%F 17.7%, W2 &T W1, B_ZLEEEZR. EEKHK
B REL/NESHBER, H WHWHWI. £/0ES W1l W2 BN E E RSB
YIBTEEEYW, —EEAET, WILEL W2/ W1 455 41%8 4.5%, B=EEZRRE
E. GALNE. BEKFEREDE, BELEVENNY W3 LERS, HEZET W1 1 W2
WE. PESERRH, £PMESRIT-SNEBENEERNETRAEW, £MEZRBREK
(WD) FIBREHARERTK (W2) tEMBESEDEFTSNERK, MERKAHERAHL
EYRER.

40 71 OWl BW2 BW3

27 FREREXTLNE-AEXABENENR

Fig. 2-7 Biomass of winter wheat and summer maize in mature stage under different irrigation modes

2252 FREFRHAMGF-BRAGHEROKM

ZNENEEXNZHER DA TREY. BRERTRE=ARERE. FRERK
ATHERERMWRERNE 24, TR, (1) REEREXS AN AN ERBHENERR: B
R MR A ERA RS, B W3 REANERNENEREZ AT W1, BEXF
W2 HoEEZRARE, BRNEA-HEREATEREER. THE W1 LBER, A=
BEATERBARE. £PENERFERANL: WHWLWI, HH, W2 I W1 ™ 9.7%,
W3t W1 7= 128%H & %2REE. AL PENERTR, ZRTIEARBYEGIE, RUH
BRREAPMERATBOKBEE, WITKNERLKE P BRE LM ERANEHMER. (2)
EERELMEZ=HAAERERT, HEBURZEEERRD, RHEERERKTR
GRREEKFERK 559.9mm) MERTFHAEKZHELPESEROPWEN. HEHEERE
RBH: WHWHW1, HEEERYREE, ZATEBHEN=EE, EEXERFENER
FEROBNETRRSE, K, W2 i W17~ 78%, W3 BERT W1, ®ilf 122%. (3) &
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o BRI E R AR Ho8/ ARATKEREANEANZ- BT R S5KAFANER
e e ———————

AFEEY, AEFETUNEN: WIRW2HERD, —_EXBEER, AHEERT WI
SHE, AR 12.5%H 8.7%. U LEREH, £NEFEENHITEHER, RRIEEDR
ZRAER". BENEERE.

%24 FRERERA T EIR-AEXO-REHHER

Table 2-4 The yield and yield components of winter wheat and summer maize under different irrigation modes

RINE JEY S kS
EE BRI BRN TRE 2R BNt BEE  TRE B AFERGy
BX mmd) (M) ® (Gghm) /Amd) (M) ®  (ghm)  hnd)

W1 667.5b 274a 406a 74524b 5913a  4540a 3419a 9159.0b 16611.4b
W2 7526ab  282a 385a 81756ab 5921a  4892a  341.1a 98761ab 18051.7a
W3  7923a 217a 384a 84075a 5914a  4999a 347.6a 10281.6a 18689.1a

FPFALEXFRRRE S%KFLEREE. Different letters in the table mean significant at 5% level.
226 FREREXNTEMZ-RERBEKSHEIH

2261 FEEREXATENME. RERFEEEHH L RASTUE

M () K 2 24T LR BRI K M RCRI R B, b T BV A AR AT
KR, B K SRR — B R G R AT R (K%, % 20000, WA 28 F7
AAENE, BEERETHTHRBSKENRUENR, ENFEEDRFAKRETHETR
8. TR (1) A: BTFRVAS AT, W2 i W3 BARMEY GRYTKEE=A, K
SETEPHEBERE) 0~120cm £ B EKEHE EHFRBERITKMLE (WD, REH
BRHEMEHRNA/MEEKTERNHLM 120cm L LKL . B: RBH W3 (REERK &
TEAKELE W2 2LESKEHHT W1, H W3R W2 AIZRAK, THNERRT LM
KRR A, R REE SR LRERERYE, FTl W3 & LESKER W2 AR,
HRBERBEHENMLANES AR, 2) NEEXSZHESKERE, BRWELPEETTA
FRESER, BETEKSENER, THKIEIRENE, BHit, 2 CHHRI=AME
BE TKE 0~120cm B+ ESKRCEARETF. T 120~200cm +ETREH TFANEBER KM
EW T B THLERAS M, FU W3+ ESKEHERT W1/ W2, £D RRHE=1
AH 0~60 cm + EAKREX 20% 54, HELEMESKER LA#EH. T, EEXERE
BRBEMEKBNARRAKTHRERAKEE, LBAFHESKREREREKT, ki, £
MEZRRERLEEER EXRZRAKTMNEM TRAZBHEERSZ RS KENRERER.
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o ER L RHE BRI 2R3 B8 ARAWKERRANLNE-REX™ R SAMANEH
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TEEKE (D THREKE (%)
0.0 10.0 20.0 30.0 40.0 0.0 10.0 20.0 30.0 40.0
0 T T T 1 0 T T T al
20 | 20 |
——¥ =¥l
40 r 0 r
60 | - 60 —a—¥2
~ ~
§ 80 —t— W3 § 80 ~a—W3
£ 100 i 100
i i K
® 120 ® 120
H 140 H 140
160 160
180 180 |
200 - A 200 “ B
A KE (%) THREKE %)
0.0 10,0 20.0 30.0 40.0 . 0.0 10.0 20.0 30.0 40.0
0 T T T 1 0 T T T 1
20 -
——T¥l 2 ——¥1
40 40 T
60 —a—W2 ~ 60 I ——W2
8 st ——W3 E wt ——W3
100 % 100 [
K ¥ L
W 120 = 120
-H 140 F H 140
160 160 r
180 180
200 - c 200 - D

W 2-8 FEARRMAT LN, REXXBENH LMK AHEEL
Fig 2-8 Soil water content in different growth stages of winter wheat and summer maize under different irrigation
modes
Eh: A £/pE 85 Heading stage of winter wheat (09.05.02) ; B /3R Mature stage of winter wheat (09.06.06) ;
C XEXK+MH &) 10-leaf stage of summer maize (09.07.16) ; D MFKRH A Mature stage of summer maize (09.10.01) .

2262 FEEREITENE-RERNFEKRIAK

mE 25 AR, (1) FREERHERT, LMESEFHR LRCK K HEREEREHKHE
ML, W2 e W1 TR KSR MEDIERE (1246mm) TATF W3t W2 KIRDIBE
(2.2mm). BEEBAMEM, EHE S SEKERLARK, TREKHER S BRKBILHT
B, TiReKRS S BEKBROLAEABR. ULRS, AFEROAGTEAIENEKTLH
FIEMK 2 B A LK. () EERSETHN LR KEEEHLMEROEERD HE,
RHEN B TRANEWE TREKEENEAREK, THCAREERTARTTEK B
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B RN RLE B AR BT AATKERESAN LA E-REX” B SKAFARER
S ——————————————— i ———————————————————————

BEAPEZRBHEELEKERD, BT W1 ELDZERE 0~200cm T4 EKERILE 2-8B)
RO K R, &3048mm. REKFBEFRKEELNEZEIA, KIAK: WIHWDWIL,
BIEL/MEZEREMOLBENNEERFERKENEN. ML MEZSERNEMN X
KRERBENFEKR S SFZERKEHLE TR, EHHH W2 b W1 BREREEZAT W3 I
W2 KRB .
%25 FAARAATE N E-EEXRMOFEKBERAR
Table 2-5 The water consumption and their components of winter wheat and summer maize under different irrigation
modes

ENEF HEXZE

% A ;a0 S
B BakER EEE (28 HER  BRKE AR (28 HER

mm mm % mm % mm % mm mm % mm % mm %

wi 4388 75 171 1481 337 2158 49.1 3301 75 227 5599 1696 -304.8 -923
W2 4043 165 408 1481 366 912 225 4440 75 169 559.9 1261 -1909 -43.0
w3 4621 225 487 1481 321 89.0 192 4841 75 155 559.9 1156 -150.8 -31.1

2263 FRERBXTEIE-RERNKIFAYE

HE2-67 4, (1) £PMEWUEEWIHWILE FTRANAER, EW2RELT=EREE
BB (R24), FKBHEMNBK (R2-5) WUERRH, 25 HLWIRIW3EH19.1%/111.1%. (2)
EEXZMWUERA/NESZEBROHMTREL, Kb, WidBHTEEKERE (£2-5) H
WUEX27.74 kg/mm/hm* TR FHERAE, W2HW3LEKWUER1.01 kg/mm/hm?, #EE5
8o (3) AEBFKRBEERMEMTIEM, AEWUERERKMMTRD . SHERERXT,
WILEMAEWUERRTERB TAERKERE, B=/CEBAEWUEHERED, W2H
WIS E K REWUEK032 kg/mmhm?, —HEHET/L. EERFEDNTR, HEELULES
W, W2AERRIEANME-EERGRERANEZERNEWUE, BAEEEKEED, BREE
BT B R,

& 2-6 FRARMATENE-AEXGKAIFAYE (WUE)

Table 2-6 The WUE of winter wheat and summer maize under different irrigation modes

Vi ] w1 w2 W3
0% BEXK XNE EEX 0%  EEX

BRKSFIFHRE
16.98 27.74 20.22 2225 18.20 21.24
WUE (kg/mm/hm?)
P B #EK B (mm) 768.90 84821 946.11
REASFARE
21.60 21.28 19.75
WUE, (kg/mm/hm?)
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227 NG

AR RA X R FRER EREKRER KN ANE (Le, %19, HAENR,
LATRDEVKBEE R TRAEBMRERYNK. BEHAXNE (FER, 20000, £NELEF
PHATEBMAKYEERLAR/ZHRE (EBRKE, %2002). LI TFRERLANE-EEXKEE
EMHEEY, —BA—ERERETERE (ERE, 191). FAKH, B8RAtBRADE-
B EXK—EW IR /K BZE 800mm, T4 MRS & 500~600 mm {X A% & 1EYIFEK B ) 50%~60%
(M5, % 2004). Bk, ZDXBFHIT—CHER. SERYMERZESRLLNE
FKEH, REERERSHKE, FREERATEAENKIFHNE G2, %2009,

AR TERNE, WKTAEHE, ERZHARNEERUSHWHERAMERT, 8§
HREAME-EEREAAEREA TEERRMEGCRAENTE. HARNKIFERENZE
B GRRA, (1) FDNEERAROEFBZERNEERK, EFTHAL R RIER =
B, EEXBHTRARS, RELDEZAFAEREOERED, BFBUHFER. BEEY
BELFERN: WIEWRBELEEER, WEERTWILE, 45HH12.5%8.7%. 71,
ANEBEERHIT-ENERR RV EERAERS. BENEERE. (2) £hE24E
BfREAKS, RKNEEESERBFUMX, MEEKRNEKEERE TREE. RN,
FHBHEKBEHERRZOMMTEM GREH, 1994; BRE, %1996), HHKMEERR
ERREOEINTRD (ZRE, %1999), THUKHER & BFKE Kt H M ERE K i
BRif (EEME, %2008), XBLRSFRRER—B. £PERNEERMESFHK. WUEKR
A THRA, TREAREESFKREERENMMTmYM, FEWUEREERN TR
b, SHEBERTHEEWUEEREAD, W2HWILE0.32 kg/mm/hm®, &/NEW2AEE R 1 1%
KB DRELNE-EERREARFRRENBTRANEWUE, BEIFHIKE>ERER.
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o ARV RHE R AR AL X

¥=F TREEZERMEPE-EERTES KT AN
3.1 MHEEFHE
L1 REHHER

RBT2008EE2009EAF BRI K% ZHLRIERT, SEESHRE_F11. RRXE
R A130: 0~20cmtEHRA A BRIGIR1191gkg, 2R 0.67g/ke, HME60.02mgke, HHHE
9.3Tmg/kg, HBH35.65mg/ke, pH8.0; 20~40cmt E 4 HI EHHFAITeke, £H045g/kg, B
#RE35.03mgkg, FHHWE 7.08mghkg, FEAH30.72mgkg, pHT.66.

312 Wit

(1) &NEFE

KB RAELHRPELPE, BEREFEFPRBIERER, £0LRELPEZUIERE
BARESTIER, REUTEMAE, 25H0: (1D CK: ZH, FHE: (2) F: REHEEE,
BREAIE (N-P,Os-K,0: 18-18-18) 50kg; (3) FS1: ¥HEH K 1, BHE—#k 20kg+K & 15kg+
BiR4TIE 15kg: (4) FS2: HIEHR 2, il 15kg BRERBIEM+35kg HERE: (5) FS3:
HIRHE 3, Bl SOkg MM ERIE (FREHEAA, H N-PO0sKO: 154-6). &M EHEHEL
SHEXEFEH., BRHAE TR, TR TANERFIERE—KEBAG
HIARTEAR. 2008 45 10 H 16 H#kR, RFAFE 22, HFHEH 225kghm’, 2009 4F 06 A 07
Aok, SREOFEMCEEHIXAHS, EE=K, 3 1SMRRAK, §PKEHR Tmx8m, A
HANEREN EELEDE 3-1, £NESETHRREARRSHN: 2008F 104 14 H (&
#HiK: 75mm). 2009 £E04 H 10 B GR¥K: 90mm). RAKKR™HEHGREKE.
(2) EEXZE

ERi#EANESRBLEANN, EEXM 5 MAGHETENT: (1) CK (ZH, 7
IB, 5%&/N\E% CK hBEMN); (2) F: REMIES, BiE A4 (N-P,0s-K0: 18-18-18) 56.5kg,
5R/NEZFHBEMN; (3) FS1: HIEFE 1, B8 20kg+RE 15kg+MHANL 15kg, 54
NEZ S ERN; (4) FS2: HWEH K 2, BiMfi 17kg BRKRRBHL+39.5kg FEERE, &
& /NEZ FS2 AEXMN; (5) FS3: RN R 3, Bl 56.5kg MM SR (SRR, K
N-P,OsK,0: 154-6), 54&/FE% FS3 RENM). L EEERACEAERNELDERTEH. 8
JEHAK (75mm) EHMTEM, TREXREN—KEBEAFHEAFEE. ZEKT 2009 F 06
B 12 B#gR, SAhHE8 958, EREN 67.5 kghm’, 2009 4 10 A 01 HiEk. EEKRFLAE
BHAHITER.

B e B KR R708mm, HPAMELETHRAKRY148.1mm, REXSEFHMK
BH559.9 mm, GAERKENT9.1%. BMRARGE, EK. BRE, RAFSHERWERE
TR AR K8 R A 5 AT .
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PR R B 2T BoE  RAHEEN & NE-E TR R A BRI R R
E CK | F FS1 | Fs2 | FS3
"2 || #A R’ E i YHEFE|TRY WA
— | s %1 %2 | | %3
T KB i
/ %
£ | F | w3 | Fst | CK Fs2 |}
g | REKE YRy | VEYE zH W H #
= || B £3 BE 3! / )
5 KW fr
E Fs3 | CK FS2 F FS1 I
1| wmr %A AP AREIIAREL YA
= [ ®R3 £2 R %1 ffm
k

B 3-1 FRERLEHTER

—

Fig. 3-1 The field schematic diagram of different fertilizer treatments

£ 31 FMEFHAIREFEREERINOLR. B, FRI2R

Table 3-1 The N,PK content of different fertilizer treatments at winter wheat season and summer maize season

£ NEFHIER REXSHILE
i3] 4iN P,0;s K;0 4iN P,05 K;0
(ke/hm’) (keg/hmr’) (kg/hm’) (kg/hn’) (kg/hm’) (kg/hm)

CK 0 0 0 0 0 0

F 135 135 135 1525 152.5 152.5
FS1 157.5 138 1125 157.5 138 1125
FS2 345 0 0 389.8 0 0
FS3 1125 30 45 127.1 339 50.8

313 ERXESHE

L2 EE KR EREAE: R4 ERR. HER. BERTYRE. 25 TR,
A, FFIER. ERTY. BRMES PRR—R— TR EHARTERRENRITEE: K
HRANERAUEE, HERRAKERNRE, AERTFHRBULET 105CTRAH
40min~50min, FESCFRTEEE. ERRMHTREH. AOH. 5, RO, &
RS DX E B KA — BN c R Z TS S, TRRLNELERE.
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R RN R B2 AR =% FETESEINAME-E KR 5KEMNAGER
g ——————

132 R Eisilie: ANERSFTE/NRH 2m MREREABRITENER, B3R
EROES. SHRK. TREZHTEFENEYE, EEXMRNE MR UFEEEY 6x2 m’,
EHRANEHEAE, REMSEIFRAEMRTUNSKERETE, HFUPRRAESKE
13.5% AW H LR = _NEY=R.

133 k5 THHFMIE: HHTEDIE. BEEREREREKESIELE. 28, 28
8. ERRARIEERAENE. EEREHRKSRE 0~20cm, 20~40cm +ERIFFS, BF:
WA, EEH. BN, 2R, 2%, 28, FIUES.

1.22 HEE KB E:

FEANE, BEKEN. WERXBEEHU 20cm A—1F, ARTHTEREEE M
0~200cm ff] 10 M L2 M-8R E 5 KE.,

3.14 BiE. 2RitH

THREESKE (%) = (BTHELERTEFLE MTETLE

+H KR (mm) =Y (AGIxCixZi), RPAG WE—BRTERESKE (%), Ci hE
—BRIREE (gem®), ZiHTEEE (mm), i hHEERK.

HIB KR (mm) =IEFFT L% 0~200cm KE (mm) -HHk/E £ 3% 0~200cm HkE
(mm)

REBHEAR (mm): FAKEFEHERHE (BRRHTHE, KEBHERRBRE):
ET=H#KHHERE (mm) +EKHPAHERE (mm) +EKHEEHRKE (mm).

KA %% WUE [kg/(mm-hm’)] =7= /B FK R

HE KK 7RI WUE; [kg/(mm-hm’)] =fE90FF R /K & .

B4 A HIFIME WUE, kg/(mmbm))]= £/ ESEERAEE=R/AELHKE.

BIRTEH (Nitrogen harvest index) =¥FRiREB/MHREE (G LHEH)

BEREEHE (kgkg) =BHFBMHEREE

BEALREFES (PFP, kgkg) =2HF=R/IERE

FIRREHE (kgNkg) = (ERXIFR=R-TRRFIFRR) MRE (BB, %2010

R BIEFH SAS9.0. Excel 2003 Fil DPS 6.85 $iif b RAHAT 7T

32 ERE59H
321 FRGEERXHENMEEKEERFEHEM

32.1.1 HAREBRHESILE

AERIEER T A PERREE IR & LALNKRAES R WA 3-2 M@ 3-3, TR, (D
AREMEERN LAIE BEHW, CKARMETHN LAIY BERTHMNMEE, Al
FF4R FS3 ALERM LAUSRUE, T HMB=AMEARER, T F. FS1 8 FS2 B FH LALEX—H,
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TYRAERR¥PR> B OYRER, B 34 85T ARBIEETADZR G LB TY
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Fig.3-4 Dry matter accumulation trends of winter wheat at different growing stages at different fertilizer modes
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R R R B E AR =8 ARATEERNLNZ-RTR>E 5KEMAMEH
B e = s =

HIREENEREEARR. SHEEXNERBRENSELEEEER: F. FS1 fl FS2 KR EE
RABZEHNEERT CK, BET FS3; THEN CK M FS1 EXMRYBERTHAE=MEK
&, B EEI N FSI>FS2>F>FS3>CK, FS1 =ik 7897.6kg/hm® B B T3 AR, Xt
H CK =B B AH 27.11%: HIRE FS2 Xt CK 7=k 14.33%, HEE® T CK. F M FS3,
T FS2 F1 FS3 MM RAREE, b 4, X FlA LB, WaEKttrite
R BN RRRIELMERRRNTR].

% 32 FEKEEA T 5 MR- BRI
Table 3-2 Yield and yield components of winter wheat at different fertilizer modes
i3] HRAN R THE g & *fth CK
(x10* ) ) ® (kg/hm’) =
CK 636.0a 243b 403a 62129 ¢ —
F 6703 a 280a 36.3b 6790.8 be 9.30%
FS1 66452 302a 394a 78976a 27.11%
FS2 674.7a 289a 364b 71033 b 14.33%

FS3 6499 a 273ab 36.7b 6495.0 be 4.54%

#. BPARARLEBERE SHKFLERDE Different letters in the table mean significant at 5% level. T 5] Same as follows.

322 TRBAEERZNELRKSHERKSFARENH M

3221 FEKEERTENEFREERNLIRKIHSEL

AREHEER TANEXRETHIESKEHEFRLWE 3-5, AN, BMEKETAR
MR 04D 0~140cm +AH LR A KB HRNBHEAMF, BT AR RSN & KR
F#, T 140cm U FROTEREISENR. KT (A) FFEH (B) REL (0~40cm) £
T EKEEIRK, FHED CK M FS3 X2 LIRAKEMREH, THNEEZZXHRHEARN
K NEKPRRTEL TS0 R B 3K HR R B B BHE, 40-140cm B+ E KR MR EHER—
B. ZEAK GRWEK) B9W, FEH 0-60cm & +EHES KR TR M. BXPH (O
KABUBTIKEER 0-100em, EHEERAMTESKEEREE, FS1 M FS3 AT
0~100cm &+ BRI &K MM BRETHESAER . R (D) X HZ BTHI A KR 0~140cm
FTEMNESKLHERK, ZRATRRMKRTEREHRELEPNERFATE, £PEELU
WK Y. AR e A3 0-140cm + B A MIRMEIZ, £LBEKE
HLLFS1 iAR®, CK Bk, R#ERXFEREE, WF. FS2 M FS3 ZMERZ 0~140cm L4
BEKBEA—H. LA LR, HEERERANEY KD BREFHRE.
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Fig. 3-5 Soil water content in different growth stages of winter wheat at different fertilizer modes

B AR H) Jointing stage; B FFER Flowering stage; C M3 # 3 Medium milk stage; D fZ¥45# Mature stage

3222 FREBEERXTENROEKRKIF RYE LE

K /NEMFEARKSFARERNE 3-6 MF 33, T4, FRBEEIGEIERMEEH
HEEARE—EEW, TEARALIENTECKOHERERR, FS1 HASHKREEN
385.5mm, CK B EKEREHN 479.4mm, t FS1 & 24.4%, W F. FS2 f FS3 G FKEES
HEARKT, THMNRFEERERT L MEMFIELRHER, £DEFREEK, MNTHE
BEE, BEARED, ¥HEFAMEKEANED. BT REKEN=BOAR, ARARILH
R KFR WUE, 44 WUE fl WUE & AHF, BEAEH—H (8 3-7), FS1EA T4 %
) WUE HEZRE, #% CK f¥E. WUE, 44 WUE fl WUE A 3IRE T 57.7%. 43.9%H
27.0%. T F. FS2 1 FS3 R f9¥Fk. WUE. 4£4) WUE fl WUE, 3 E AR, BT CK{&T Fsl.
B L RHGEER (R 3-2) 24, NAREERTFLMEHEKRKIHAREES
HE, SBREKIESEAREER M=’ EF— R KMN, HP, FS1BEAR AR
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HERIEE, UBEARMERBARLE, BR FS1EAREH.

£33 FEEREATENEHKIHAHE (WUE)
Table 3-3 Water use efficiency of winter wheat at different fertilizer modes

gis:] F Fsl FS2 FS3
Rk & (mm) 148.1 148.1 148.1 148.1
% & (mm) 165 165 165 165
K 6 (mm) 117.7 724 117.1 1115
BFEKE(mm) 4308 3855 430.2 424.6
¥HH WUE/(kg /mm/hm?) 158 20.5 16.5 153
&%) WUE/(kg /mm/hm’) 340 39.0 345 327
WUEy(kg /mm/hm’) 412 419 43.1 394
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Fig. 3-6 The components of water consumption of winter

wheat in full growth period at different fertilizer modes
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Fig. 3-7 The WUE of winter wheat at different
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3231 FRAKEEXHLMERZREFAHER

fertilizer modes

FRAEEER FTADMERRERRKA AR 34, T4, FFEEEKGESBEF R &
MNEREBRKOEWHAR, BERLE N KFHEN, FRREREHMESN:
FSI>FS2>F>FS3>CK, B3 3EMist N R R BAtikeg, FS2 #ix\A0Mizh N 28 # % 345kg/hm’
ERERHIERE, X 16835 kg/hm’ . FS1HRAE 13.29 kg/hm’, X7 885 84 FUIE T RSP AR
A NENFEMORBFAER, FHENRRSRERE, FS2 B MERTBFABRA
EE. RAREESHFRREEEAMERR, RIN: BFSFSI>FS3>CK. MFRREE
EHEERBRERNLHIRE (ENEBERIER), FS1 BB, & 75%; FS2 MRKRZ, K 73% ,
CK B&H 70%. 7T I, 5& 4 WAl M RUEA R TR M A/ B3R R &, Bis N B & (FS2)

TR AEAC iR BUR AR B
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R REE B 2 AR ST FoE ARAWERRNLNE-REX" & SKENAK KR
e ——

# 34 FEREAATENERFN. SHEREERRKREN
Table 3-4The grain,plant nitrogen content and nitrogen harvest indext of winter wheat at different fertilizer modes

h WA
s ] SEHAN  BEEN  SEWHIN  REEN  EEREE  RKEK
(%) (kg/hnr’) (%) (kg/hm’) (kg/hm’)

CK 1.81 112.45 0.67 45.57 158.03 0.71

F 243 165.02 0.86 67.38 23240 0.71
FS1 2.30 181.64 0.84 59.92 241.56 0.75
FS2 237 168.35 0.81 62.66 231.01 0.73
FS3 2.05 133.15 0.77 56.77 189.92 0.70

3232 FREKERER T ZFRRABK TG

HRARGEEAEQRIER AR FRERFFESEAM, & ALRF H 2N IR
BERARLFEENSENE. AMREHN=TA AR BEEENE, RBRETH, EER
FRERNEN BB . RARAHEIEERT 4 MERIEBNIPN SR K 3-5 MK 3-8,
ZR2R%Y, FAKEERN L MEREEN=4ETAREN, BT FS2 S4B HNIRE,
HEMRREREH BERK, 25 F. FS1 A1 FS3 f{K 144.3%. 143.5%F 180.4%, LR E
XK FS3 A MBI HER, AT FH FS1 REBERK, 2 HRET 14.8%
M151%. BEEERERBEYREEN=BORRAD, REREMARERENERSR
Z2—, AR TR EEEEEL CK>FSISFSI>FS2F, BT CK AR ABRBEERARE
BXRERR, MXTEAELENRK, BARFT, FS1EINE-BEELRERERERH,
Z+HIH. F. FS2 #1 FS3 # i 150.0%. 314.7%F 326.3%.

YMRRLER, FSIERBHTUAERXEREENE. BRRESD. BEREREHR
RTRRAEKE, £9 FS1 EAXMRBLNMERIERNH BEEH, FRHFS3 B AR BN trEx
BIHERFIET FS1. Rk, EXARMERLERT FS1 LR LR & B Bt ERALER,

£ 3-5 FRREER T L/ NENRBHA LR
Table 3-5 The nitrogen utilization of winter wheat at different fertilizer modes

b HARE  HEKRREE ¥R RREERE  RERESS BEREXR

(kg/hm’) (kg/hm’) (kg/hm?) (kg/kg) (kg/kg) % (kg/kg)
CK 0 158.03 62129¢ 39.32 — —
F 135 232.40 6790.8 be 29.22 50.30 4.28
FS1 1575 241.56 7897.6a 3269 50.14 10.70
FS2 345 231.01 7103.3b 30.75 20.59 2.58

FS3 112.5 189.92 6495.0 be 34.20 57.73 251
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Fig. 3-8 The effects of nitrogen fertilizer of winter wheat at different fertilizer modes
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(1) ARAREERERLNENEKANZE, FS1 ERXTFTAMERKBHMTRGT. £0F
R R FS1 BN BE, & 7897.6kghm’ B F THEAER, M CK 8B BN
27.11%; KR FS2 3ttt CK #7=% 14.33%, #L2F, FS2 1 FS3 M= H 8=, WL,
HX R AL A TR FS1 AR A8 B HI TR BMR (RIE T &N E = H7=.

ENEBMEKIIP, FS1 R BHKRH KN 385.5mm, CK B KR &Y 479.4mm,
H. FS1 #iH 24.4%, i F. FS2 Al FS3 M8 FKBEF HEART. FS1 BT 4A/MEK WUE
¥hEm, HX CK M¥FH WUE. 4%) WUE fl WUE; 2 B % 57.7%. 43.9%F127.0%. T F.
FS2 F1 FS3 A M¥FH WUE. 44 WUE M1 WUEBIEARKF, BT CKI&T FSt. "I, A~FH
MR A D ERFEARKSFANE, FS1ERNBAR =21 BT —f
KB, HAKEEHRBANEE.

) AR MR A T &N BE KRR ARG HEAE N 7K P 38 AR 2B sy,
B3EJEMsE N SR AR R R, FS2 Bz N BR# N 345kg/ hm’ TR BB H IR,
b FS1 #ERUE 13.29 kg/hm’s NEHKIKIGHRE , FS1ERBH, ik 75%; FS2 XKL, K 13%.
Eitt, E4LHAMBIEEHTFRAL NS ERARER, ARERP FS1 & PEZRARKRE
HARBRAE.

(4) AMHEEERP FS1 R ENHEARREERE. BREET D, BIERERER
RETHRKE, ®Y FS1 EAMNRELAPERIERNA BEEMH, FHFS3 EAMBEMMN A
SHRFEBRIET FS1. B, %X FS1 A ERAC L &4 E B E HIEER.

MEPMEEK, B, KRR, RIERNJLAEBEEE, JTKRRERREILE
FREREMX, FS1 R TRNAPMEERE RN KEERRBARRENER, dTik
BEROA/PNENTFAKHRERD, HTHEEDEERNEKBAE T RIFRRE. FS1 MRS
AMURE TEFRMEH — MW KESNE ., Bk, ZERFHMREL/NESRBSEKEEEH
FS1 iy, WREED=BRALHRNUTHERBAEENE N,
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325.1 HEERRAFER-ENOKE

AFAHEEERINE EXEAERREREWNE 3-6. R, EEKNFEHE=RER
R, BREREFIN CK EERTHENMER, AHEENTHRELMEEERRLY
EBELR. BATBHB=RHE, EEXERFENZRTERBHMHEARIRE, KP, F
FS1 H FS2 ZMERN>BEEEER, WEERT FS3 M CK, HAtL CK #9718 S 30%
Pk, R, X=AEEERNE ER=REORABMRELNR, TFS3HEERT CK, Xt
CK 7= 24.8%. G&4&NE. BEKRFEEY, REFREIN: FSI>FS2>F>FS3>CK, H FS1
BB ERT FS2. F, BERT FS3 M CK, HAFEEMF-BERN (B CK 7 28.7%) ,
BRIERHAPEFFREEBRHEE . £A4LNEFEAWTA, F. FS1 M FS2 =HHEAEHE
AMNEEXRTENRBZREATHANEENRAEAR, BLAPZFT-EXWHNEREAR
.

%3-6 FRKREATRERNEREAEGRER
Table 3-6 The yields of summer maize and rotation system at different fertilizer modes
EREXE AR
4B AHEK BEY  THEQ@ ERFE XMHLCKH  BiR~E  HNHCKHM
(x10'mm’) (M) (kg/hun’) 7 (kg/hm’) i
CK 59a 391.2a 3259a 74128¢ — 13625.7¢ —

F 592a 4964 b 343.8a 98228a 32.51% 16613.6 ab 21.92%
FS1 587a 4793b 3429a 96385a 30.02% 17536.1a 28.70%
FS2 582a 4726b 3428a 9714.1a 31.04% 16817.4 ab 23.42%
FS3 575a 447.1b 3485a 9251.5b 24.80% 15746.5b 15.56%

3252 MEEREKERKSHBYUEMNENE

FRERER TEEXE LR A TERN WUE Ik 3-7 , T4, CKZEADEWRE
0~200cm A4 K BB1EH 478.96mm, H FS1 HRAK 93.9mm, ZERHEN TH IR KEEL
PR rABRE N 231.28mm, T FS1 EXBTFRANEBL LRCKRRE. ZERPWEES
XBHEKAEHLEK, HERKETRBEATANES, D54/ DEFRHEKEEHELH
R (%33), DS ERpAPMESHNEHKRREEEERFETHEHN, T CK KHFAKEE
RHRIEH 403.62mm, HEZMEXNE ERBEARATHATHBELRFT. FS1 HAK
E KR WUE i TR REKBRFEERHAELN 18.56 kgmmhn’, 5 CK i, KT HAb
=R,
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Table 3-7 The water consumption amount and grain WUE of summer maize at different fertilizer modes

HE B omta WS 2mtf EEKTH KR BKE  BEKE WUEGRe
27KB(mm)  EKE(mm) #(mm) (mm) (mm) (mm) /mnvhm?)

o [ R MY RHE B+ A R E=F ARAWEESLNE-ERA>R5KRMAKEM
|
|
|
|
|
|

CK 478.96 710.24 -231.28 75 559.9 403.62 18.37

F 527.53 683.98 -156.45 75 559.9 478.45 20.53

| FS1 572.86 688.49 -115.63 75 559.9 519.27 18.56
| FS2 528.12 690.79 -162.67 75 559.9 472,23 20.57
! FS3 533.78 693.32 -159.54 75 559.9 475.36 19.46

3253 ¥M&NE. REXEEEZE WUE ¥R

AR T4/, EEKAE WUE L 3-9, w41, HIEHNF#EX WUE 2%
BT AHELE (CK). RE FS1 X TEERFHIFR WUE BIE (£ 3-7), EXEERFH
WUE M&ZWAK, FS1 A RERR WUE A BH, XEERHTHAEEFEERTH, F.
FS2 A ¥R WUE RYET FS1, B=#RZRARE. ALY WUE S5¥H WUE BH/MF
AR, FWN FS2 R RHEN 33.76kg/mm/mm?, T F. FS1. FS2 fl FS3 PUFHE 2 RE/M,
BEERT CK, 25HH 159%. 145%. 18.9%M 12.1%. B2, REMEEERAE WUE &
WARE, AEE WUE #EE, FS1. FH FS2 SRR ARREY, B5EAE~—IH,
BREFH FS1ERXRTHE LA EEHER.
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Fig. 3-9 The total WUE of winter wheat and summer maize at different fertilizer modes

326 FEKEEXMEERRAFEREERREFAHZME

3261 MNEEARBFERBRRUHAOER
A R B K R A EAR B R UA A K m sk 3-8, A, F. FS1, FS2 1 FS3
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TR RARHEBE AR F AT X F=% AEWEEIN&ME-BEX=] SRR ANEH
g — S ——

HANE EXRIFRERKEET CK, 295 38.9%. 34.5% 29.3%M 22.8%, EEX¥FH
REBNMBSLNESRERR, RHADE. EERROBEEREOT UM HEILER M NA %=
%, FERNE PR ERAERRR SRR LRBRERS FS1RAM%H 073,

ETHEER, RERRESAERTEERMEAENRER PRS2 AL AN B,
pARE, REFRRERAEKRERBYHR, % FSI>P>FS2>FS3>CK, {H FS1 Ml F—
HEEBELR. AHHIEER FTEEAZERREEMAERBRRE 5 £ N ZFRBRIER

(%34) FU—B, HEFSI EIARART, FAFS2KZ, wAFSIEATAMIE, EEK
BT R R RMOR BT -

%38 FRAKBRERTEEXRRAEERMERBYH A

Table 3-8 The N uptake and utilization of summer maize and rotation system at different fertilizer modes

s BEE (kg/hm’) RBHEIEH

EERFR  ERkAk  REWR  REak EEXE RERSK

CK 104.44 155.23 216.89 313.26 0.67 0.69
F 145.08 198.60 310.10 431.00 0.73 0.72
FS1 140.53 191.41 32217 432.97 0.73 0.74
FS2 135.05 196.05 303.40 427.06 0.69 0.71
FS3 128.25 185.24 261.40 375.16 0.69 0.70

3262 AEKEHERATLNE. EEREAEERBBHRLTH

FIRRAEREHARRTRAL R HRE T UNER T AR RN, ERIRTE
YILSHERMNESFEROTRAAD, AUGRERHANLFRSRIE (HER, F 2008).
% 39 R EBEYRAERANERYN TN . 5L MERHAL, BTEEKR"BRNRREE
AT HAE AR mEE, Bk, NAEEERNE EXBRERENENER e~ R T
&NES, HFS2 MANLANESNEEASHARELH, FRRERAFRENRIERENK
ZRERRER HEE. NEEBRRE, RERBREREN FSISPFS3>FS2, 54/ E4
FEMBPEAMAR. TEEXSHTEENENBRELIEERR (AEXEFEA
P>FS2>FS15FS3>CK), Hitk, HRERR BRI HFFAMEES F>FS3>FSI1>FS2, {8 F, FS3
A FS1 MZERAEE  WAHARERF, FS3 AN M EFNE TR FHARRRREBUE FS3
BRHESREAERZEIERER BB, FS3 AERRMER Ik 65.72kg/keN, t FS1. F
A FS2 9 H 18.0%. 13.7%H 187.1%. FS3 A M4 Rt SRR R KM 7T KB R 2%
MR REARRNEIRMETE . BTN AR MR RS UL — TR IF A B 2 1 3 9 A
B, NEARMLRGEEE. REEREARRTEIETN & TR FS1 B & 4TS,
B REAL FS3 AT, B S| BRAEL/PEEE MBI TRRP LT, B, HXRE,
FS1 AR R K B LR
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B E R FLE B AR BEFE ARATIEERAANR-BTX=] 5K ERANEM
e ——————————

%39 FRKEERTEME. EERKAEERBBYETH

Table 3-9 The effects of nitrogen fertilizer of wheat-maize rotation system at different fertilizer modes

] 1z RERENE REGZEER  RIEREFD  AEEREER
(kgN/kg) F 3% kgN/kg) (kg/kg) 7= Nkg/kg)

CK &pFE - - - -

EEX — -
F £ 4.28 1039 5030 57.79

HEEX 15.80 64.41

Fs1 £NE 10.70 1241 50.14 55.67
HEEX 14.13 61.20

FS2 &N 2.58 434 20.59 22.89
HEX 5.90 24.92

Fs3 XNE 251 8.85 51.73 65.72
BEEX 1447 72.79

327 FRBEKERX LR HFERRERE

HIRLEHRMMEARSMERER LB INEERE, MERFSURARIERENEER
B, BRAE. B, RIESREBHRE. AFAELDIE. REREIRGES 58S L FH &
S HLBAERFS, K 3-10 £ 0-20cm LEMHELER, TR, TEMERERNHZ L85
AEBERRAEN. (1) £hFE. BEEREREAME T LEANR S BYLARER AR,
HEARBEERRD, THABERRLNE, REXFHI EEFEYIEFERBERIRNER
KT, (2) FPERKE (2009.06) FHEAMBLELBTERIN: FSI>PBFS3>FS2>CK,
Hrh, FS1 5 FEA4%, FS1. F. FS3 M FS2 43I CK 34/ 39%. 38%. 35%F 26%, 8
WFHEE (R) LESHETIREASESEARBENSM TRLE (CK) 1 ELESER
&, ZUEEMKANRELESEEEEFH. TEEKRERSE (2009.10), FLEHETER
LREBEAHAMRTLAPERREHSTE, RIE 057~0.59 gke, F=EX—FRNERR T
SR EXROREFAE XS, B HEEEREKGNIF RSB EFIEURRKE R, (3)
RN ELFSBELPERRENENLEERERESER, EARER R
K, B HERRERRAH—ENHRE. (9 £hFE, FERBRER CK 5, HENUFHE
AT RAXBRSEREIREANF RS, BRAEEEL FS2 BARK, X765 1R L2
TP BRI EUBEE X, HEMT F. FS1 M FS3 =MEIESA S HREH R T LBFE
BBOSE. (5) TRABAERANSRATBIERANER (F. FS1. FS3) HEEMK
REHAEAFEERYMN, TERFIEER PR (CK. FS2) TRABMAENHEBHRKE,
XRRAEDEAKPARWR T RBENE R, (ERBFIEER LR BRERH A B K.
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E R R B LA F=F ARTERAN L NE-EEX~ R KRR ANEM
et e S ——

£3-10 FEKEHEATHLNRE (0-20cm) BHEL
Table 3-10 The changes of soil fertility of soil surface layer (0-20cm) at different fertilizer modes

13 #EeHH AHA 2% £ e FH% A
(gkg) (g/kg) (g/kg) (gkg) (mg/kg) (mg/kg)

A Al 2008.10 1191 0.67 0.80 17.01 943 4533
cK 2009.06 13.55 0.59 0.74 16.94 9.27 35.65
2009.10 13.70 0.57 0.65 1677 9.04 42.00
F 2009.06 1377 097 0.91 17.24 12.03 4834
2009.10 13.15 0.57 0.81 15.33 10.43 65.93
FS1 2009.06 1387 098 0.83 16.62 1246 4138
2009.10 1390 0.59 0.95 15.09 10.15 62.15
FS2 2009.06 12.03 0.85 0.70 16.36 9.77 39.17
2009.10 13.46 0.59 0.78 1277 11.04 40.59
FS3 2009.06 1393 0.94 0.84 17.40 11.29 5030
2009.10 13.64 0.58 0.86 13.55 10.01 58.83

328 I

WARRX (RH) NTHERVFRERREHBR, FEMHETIILPEETKREE. KRR
BRI ERRIEE T, BEER, LERARYNHED-EFRMEZFPHK, HZ
R wEHATEETRARE. MTHER, TERAZRRREED LSS E, W
S BFIERS R L BHER.

ABFRE A LA LA R R R, B EERAR, T ARBEA X & PEEE
KRR EDRAERK., R, KEREAARIEFRFIZUNENH, EERENEER X
BANEBIELAEIEER, YEBBIRRER2KE. TEERUT:

(1) F. FS1 f1FS2 =R IEEAN E EXBIRARERTHEAPME=BARABR,
BEHE=FEARELPEFFZREYRANERENEE. FSIEATLME. RERBFEDRE™
BRTFS2, F, BERTFS3ACK, HHAEEFREF-EERN (B CK ™ 28.7%).

(2) AFLET, BIEKNHERLNE, EEKREAEFH WUE fIEY WUE BE& T
AHELE (CK). RE FS1 X TEEX¥FR WUE &1, {BExAEFR WUE fIERAKX,
FS1 #3 A4EXRL WUE 110 B R . ARMEARAR A% A4 WUE BRAR, (U\AE WUE fEE,
FS1. FfIFS2 ZMIEHAB RAEY, BEERAEEREMT, BEARTN FS1 EXRTHEL
FhHEARAE

(3) NBEAZRRE, RERIERENEN FSISPFSISFS2, 54/ ERBHEaHEAMH
M. WFERERT, FS3BANLNESNE XS MR E b TRIKE FS3 AN EE LA
ERRBIRRER HBE, FS3 BERIERER 7L 65.72kg/kgN, L FS1, FH FS2 45
18.0%. 13.7%F 187.1%. G&ZIBKE, REARESRT RN ETIE FS1 BAA L
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& E R R E BRI 28X £=% FAWEEINENE-BRA>8HARFANER
s e e S ———

xRS, HAREAL FS3 B #F, B FS1 BRAEANEFEMEILIEN IR TR, R,
FS1 BRI R BAET IEER.

(4) ARMAEERN#E L ERAYSRAREYW. HEN N HHE L5
SEEARBRERSN, TARFEREEN=MEANRAT T RERERINTE (MERS
IR R—B (518, 2008; HHE:2Z, % 1999)). AL R T: £/MFHRENFHHERE (8
LEHEL RSB SEHEARBRENHM. B CKSb, £0%F,. EERRREHENH#HEA L
WERBSERARMEWEIRR, BREEE L FS2 MXRAE, X485 R AR {2 18
TR ERRE X, TEARMIERFNSEEARPRERER (F. FS1, FS3) &
FEYORE A BT, TARMIBHA MR (CK. FS2) LRLBAEEE & BIYRIK.

ZAUELER, AR N FS1 BEERG S MR, RTHAER, SEXRIET £ME
B X KIEFARRREERFNSET LERS SR, SR ABNESRAEE . Bk,
XA N FS1IEER, TABREAYTR, VAKRE. URRFRLRFETRERN
HEREMEMN.
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? MME REKEERTLNE-BERTE SKIEH AN
4.1 5 H%
4.1.1 MR

RBT20094E 22010 T ERNKERFLRISHT, AFNHFSHEAE _EFLL &
RRIGAE B KR H539.2mm, KPE EXRAEKFEG-9A)HK467.6 mm, HLEEZEKEN
86.7%-

4.1.2 ARt

4121 ZBWEF

KRR T 2009-2010 EEHAT, £ PEZRE S HARKKIELELE (RERKEK.
W R I 41). 20094F 10 7 14 B, BHAHE 22, #FE% 225kg/hm’, 2010 4F 06
H 16 Bk, RBR=KEL, MKERA Tmx5.2m, 3t 15 MAR/DX, FREKGEPKZ
B 1m BRE AR bk MlS, FEKRHESH%: 2009 4 10 B 11 H (EHAK). 20104 03 A
22 B GEH/K). 2010404 A 11 H GR¥K) F20104E05 A 20 H (ERK), KAKR™#H
BHEREKE, REEEPERAXBEEE,

%41 £hEREAXRE G
Table 4-1 The experimental design of winter wheat of different water and fertilization modes

b3 AL WES ) B3
—R=K B E R g 20kg+R % 30kg+H7HE 15kg
KIEHRA  (EHIOMm+ETH 75mm+ BP: HEILHEN: 174kg; POs: 9.2kg: K,07.5kg
AT 7Smm+HER 75mm)
—E=K R 20kg+ R F 30ke+FHE 15kg
AKIEFEB  (EH90mmeEH 75Smm+ BJ: HEItHN: 17.4kg; P205: 9.2kg: K2075kg
$&3 75mm)

—E—RTK AR % 20kg+R F 20kg+H L 15kg
KIEFRC  (EH9Omm+ 7 75mm)  BP: EILHiN: 12.8kg; P205: 9.2kg; K2075kg

—R—&WK AR 4 20kg+R K 10kg+H7HE 15kg+HR FHLEMER K 10kg
ABEFED  (EH 9Omm+ET 75mm) B: HEILHN: 12.8kg: P205: 9.2kg; K207.5kg

BBk R 20kg+ R & 20kg+F AL 15kg
KIEHEE (90mm) BP: @St N: 12.8kg; P205: 9.2kg; K207.5kg
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4122 EERF

EEXBAEEPAHATER, £ PERARMRKER LHIT. A TFEEREKZRKE
i, ERRERTASLCE. ENELMERFEE. BEHK (75mm) fGi#TEMH. KL,
EEXT 20104 06 A 24 HiER, RN 958, #BFEY 67.5 kg/hm?, 20094 10 H 03 A
k. RIKAARBHEIS Rt RE 4-2.

¥ 42 WERKEBARE Qi
Table 4-2 The experimental design of summer maize of different water and fertilization modes
s ), RIS

A (RHRNEEHERA) M 20kg+RHK 30kg  B: 3LMN: 17.4kg; P,Os: 9.2kg
B (MR/MEFTEB) BmEM 4% 20kg+/R ¥ 30kg  B: FLHIN: 17.4kg; POs: 9.2kg
C (RN EEHRC) HmAME 8 20kg+ R % 15kg  B): 3L N: 10.5kg; P,Os: 9.2kg
D (MRiPEFEIHED) FHEB % 20kg+K K 7.5kg+ DI FHEEREK 7.5kg

Bp: 3LiiN: 10.5kg; P0s: 9.2kg
E (WNANEZEHEE) a4 20kg+R¥E 15kg  BP: JLHN: 105kg; P.Os: 9.2kg

4.13 HEHXESNE
F%E=%13
414 HE. 2RiHHE

=% 14

42 ERE5HH
421 ARRIKEEAFNEPE. EEXREKEZEFHED

42.11 FREIKIEER LIRS ERSHOEE

RREKIEEU TAMNENEHEFTE 41, EHRBHERHT, £PESEFTHEIME
ERENKBHREL -, WYERTHAZBKR, 2RI XRRAEIERFHETRE, £HRHAH
BBIRAE. A\ B. CEMCEERVHNZELNHET D, B, BRI A R EHXAMNR N E
BYTRIEERK. UL MERIM)EDHESEY, ELBERTRERYK, EIBEEXIEX
WS EERER AR E, WHRTKERT EHERRNER. NN A XS
¥OKkE, A\ B. CHID MBEAFT, REBENHN 51.8%. 56.9%H 52.6%H 57.8%, HHT
Et# (50.65%), WHAPETARETEK GRHIAK) XEHEEE—ETR.
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’ 1100.0 ——A

| 1000.0 | ~&—B
| ~900.0 F —* g
E800.0 | x .
| R700.0 |
| ~ L
g 600.0
| #500.0 F
| ®Ma400.0
| 300.0 |
| 200.0 ;

B BAY EEH RTH FEHN R

B 41 FEKRER TENEHD BB LY
Fig. 4-1 The trends of tillering of winter wheat at different water and fertilization modes

4212 FEKBEAWENE. RERBTLEBHRSHER

ARAKRERT, £PENEEKESAETHHRENE 42 ME 43, TR, (1) £pE
BAPRACERANGEREERETEE. ZHY CAERRAS A, BYHEERT ELAH,
D 4EHEANT A, B. CHE ZE. EFH#H, D AENRES A, B. CHRIHEERTE
b, TiRBRPEAEFEHERE. 9D LBERTHRIT —ERBHERENEDENELK
HRFOEEAER. ) BEXRERE 20 RELENHRE —ENER, RTERAEAH T
BEREREE—~EXE. 2RV A, BHKERTHA=ME, XTHESE4MENRE
REHERE F 5 UBHREHRIEE X, EXPHOKRRRARAN A\ B A D BEANKE
BT CHE#RR, BEEMEREEEZER.

8.0 f @A OB BC BD DE
70.0 | _ 7
300 | Eﬂ ik
<~ 50.0 T AW AR
o ik I BRI R
ot
& 20.0 | 1

0.0 f ,5

0.0

ZHH M ERTH

42 FEKBEATENEESERBNHHEL
Fig.4-2 Winter wheat height changes of different growing stages at different water and fertitization modes

38



R R RER AR PN ARAEERN & NE- TR ] 5ARHARE®R
et s —

30  BA OB @C @D OE

B
&
(=3

I 4 g B
BHE0R  REH O MESH ERPH

@ 4-3 FRKEHA TEERSE FHOHHEL
Fig.4-3 Summer maize height changes of different growing stages at different water and fertilization modes

. ;
i

0.0

4213 FREKBERAFEME. RERSEEFHEHERENOYE

ARAPERNLNEME EXTRET M EENEHENE 43, TR, (1) £DEER
RIAEERY LAIEEEZW, &INh: ZEH A, BRI CHEXM LAIBERT D ME LH,
TR, REKMEMEOEKREAHENUEER, BEERBTAMENBEHER, HEH
¥ SRR A KRR AN A F1 B fbBEMAY., EFEY, DAENLAIARS A BR
FCEEETE: EETH, LAl 3 ASB>D>CE, BEXNEERT E, HALMEEKIRIE
IT—EREREEFETHONER, REKOERNFEAPEPHEHELREER, WERKN
FEAPMEEEEVNHEREFERAEE. ELBOATEMKYPRAEKELETEE TR
BHEHERNER. ) EEXSHTETHRARR, EEKTTHE. KTHMHENN
LAl EMGETEREER, EREPHHEREEEAN ASBSD>E>C, HA. BEERT C.
E. S8 EERMNER, ZRMERT A, B HHHRICEXBREALRTEF T C. EHRMHER
R, WHRT C. EMR, ZERERDMEEEEBE DK D EAEX LREEEANH
8.

%43 FRKBBATE/E. REREEWHH LAITR
Table 4-3 The LAI changes of winter wheat and summer maize in different growing stages at different water and fertilizer

modes
i ] %/M%E LAL HEKLAI
b FFiEH EXTH B S ERTH
A 560a 703a 5.11a 191a 413a 4.58a
B 5.67a 6.58a 502a 213a 410a 431a
C 559a 5.87 ab 3.72b 187a 423a 3.71b
D 4.65b 6492 4140 1.98a 444a 4.13ab
E 492b 4.69b 2.13¢ 2.16a 430a 397b
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4214 FEKBEXFLNE. EEXFEAEEHTHRIVRAXW

RRAKEER F&NENEEX S ERABATYRFRSENE 44 NE 4.5, SRERH,
(1) APENTYRRBERYH GEHFKEE 16 R, RHKBLZH) NEVRERMKIEL
BTFERAEE, RHEFANTORRELHELW; 2HH (5 A1 AME: RIKRE 20
R) TURBEFRELER, EFEHTYRRRRREYM (5 A 15 HWE: ERKEZID
HEMARERT DM EAYBRRTHE=ALE, WHROKEE-EREKN E LEETER
ETRAEHEE, REFEMA, RELPERKESHKINFD, REEBERTEREK.
¥R (6 A2 Bl EHKEE 2% BT EELX-BRTHRARE. EF-NBIE,
HEEETHANAKELE, ERBM A, BHEEXEYERRALEERTC. DEX, W
C. D HAHEBEERT EHR. (2) EERKNTYRRRANFAE—MNERES, B sRihL,
WHREA KSR, FHAEKREXDELR (B 45). REHZ, AHRANTHRRR
HAME, MENFHEEER, EEEPHSLEREREE, RIN: ABD>E>C. BH#
$I TR R B F M RS, EENMEENTORER/ NG ER T RRAES
__.ﬁo

m?2
—_
o
o

S—

BEH EEH TR EXTHR RRE

44 FEKRER TEMEFRERBOTORERDS
Fig.4-4 Dry matter accumulation trends of winter wheat in different growing stages at different water and fertilizer modes

#HENR BEY mEN ERPE AR

45 FRKEEATEERTREHAHTARRRDS
Fig4-5 Dry matter accurmulation trends of summer maize in different growing stages at different water and fertilizer modes
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B R ERE LR HENE FRAREERN L DE-FEXB5KERAKEW
e —————
422 AEKBEXTENE, BERBRERRFENZ N

4221 FEKBERF &M ERPIERI~EOEMD

FRAEER T L/MERRBHER, FREFBURNER 44, TR, ARKESEAXEAD
#EBELAREGEWEEAR. AMKEEXTHEK. FRBEEAMERESHN A B. C. D
AEHEERBEERT EER; SR PMERNERAIRE: WE /MY E>B>D>C>A, H B,
C.DEERAEE. THEXANAEESTB. D, BB, DAERAEE, i B. DXEX
BFC.E HC.ERNERAEE. FAFBHB=FE, BRFEANEFELIERATHE
Bl&RM, TR, ARKEERNTRENEREERK. Bibf&H A>D>B>C>E, A, D. B,
C #5FF E 4 B4R H 65.7%. 55.8%. 49.9%F! 25.6%. T BELHFREMEREH SHLTR
EAHRE. BETR, —ERKREEEXERBANZENTR, ARRENERT, B
MR R EERN R REEER A (D), i B EXBRMN D £ TRE KRN
JERE, EFERFRAERT D #R, XUHBAENSKEREX, BTFAPEHENEFPRER
TRIRIE, FHEILEHEKN A, B AERBFAES, BHEERHEKBIRE, RILRFTAX
ENEFRIOGREERLFREEN, T A EANEE B HANRERS EXERHERK
BN . NSFRTHKOAELE, BT A BIHAKKERRF BN T E #1095 HiEREHR
K, BRESEFEEFRAKE, AHDREEEIY 6.3%, BT A KKK KAER AR
D 5%, D MRELFESTNRAER, T CHEIXBRRKIERS D AR, EiTFEHARE—
KB, ELEMELEEHRE UL NEERIERRE, FEEE™BRES.

% 44 FRABEA TS M EOBBERN~ R

Table 4-4 The main ear characters and yield of winter wheat at different water and fertilizer modes

B mK SR WEME O FEREEK B TRE BERTR EFTR
cm) BAM B  x10°hmd) M) ®  kghm)  (kg/hm’)
7.82a 14.18a 052¢ 541.11a 3455a 4493a 8389.92a 728466 a
7.80a 13.73a 0.92 ab 573.33a 33.12a 40.01b 7589.56ab  6165.11 ab
785a 14.38a 0.63 be 539.63a 3325a 35.59¢ 6359.71 bc 5260.96 b
7.67a 13.57a 0.68 be 549.26 a 3501a 3841b 7892.14ab 622481 ab
7.15b 1368 a 117a 476.30 b 29.71b 3542¢c 506247c¢ 457092b

m Y a w »

4222 FEKEEXHEEREBERT-BHER

ARLETFTHEEREHER, FRE-BHANE 45, TR, AMHFARKEEANEE
KEREER, FRURERUARFRGEEEEW, ERFRARZIAN: ASCDE>B,
ERAEE, WHEEXFARROKE (BUD DRAWHEEN DRI BYRTE
WEZWE, ML MEEFANLESIMEERERNEREREE, HTEERFRKREN,
EAPEZFREIABEN EARET RN BERHE, REETREKFIKIHIEWEAT
RALEXN LM,
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R 4-5 FEKEERTEEROMBLERFRILE
Table 4-5 The main ear characters and yield of summer maize at different water and fertilizer modes

15 K  fTRE  RRK  HEEE  BRE 0 THRE  HpFR ZETR

Cem) (M  (em)  (x10'hm’) (M) ® (kghm’)  (kg/hm’)

1659a  3455a  091b 4300 51468a  291.16a  10792.00a  9703.15a

1587a 33132 1.24ab 4800 48830a  28397a  998555a  8721.70a

16.18 a 3421a 141a 4800 508.08 a 284783  1044455a 937045a
16.67a 34.15a 146 a 4800 51028 a 281.97a  10368.10a 911740a

m O O w »

16.37a 3409 a 147a 4800 492.18 a 284.68a  1010575a 9208.10a

4223 FEKBERAMLPME-EEXREGRAE (L) FENEW

FRAKEERTLIREEXKAER (LR FRIOE 46 Fin, AELHE-ER&ELN:
| ASD>B>CSE, B A GRHE#AEEREE, BTEEABHFERAMRAMELRT, FUA
| EHREARFRNERTERBLNEFRERTIEN. X FEER, A, D, B, CEXAHHR

BB 23.30%. 11.34%. 8.04%F1 6.19%, A ttDR# 10.7%, TR, KIEZAHE/DK D
BRMN BRI, 7 EARBUIKKIEK A BB B NMIERR, NESSBEAY
LBFH DMK, RHREGKOEEEHX, TUEBREEFK.

A%

46 FEKBERXTLE IR, AERAEERY (XK =R
Fig. 4-6 The total yield of wheat-maize rotation system at different water and fertilizer modes

423 FRKEERXTENE, BEREKRKSFIRBEIH

4231 FEKEEXTLENE. RERSEERFEKREAR

KRS TEAMERE ERETHHKERAMBBAR 46 BE 47 TR, (D) £hFE
SEF YR+ EOKHER LRI SRR RN LGIEER RN ITRD, C. D BTEKE
HF, THReKMEREA G LOEART. MEERRNEN, BRE S BAKENLAIHE
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(2) BEELNEFEROEN, HEEXRBRZMNIREHE—E£R, REEEKER
MERATETFHAEKERA —CER, WMZERBOEW, BEEEXN WUE REEEER. B
EXAEERN TR KNERBLAPMEZHEAR A AE, RN TRARERE EKE
KEEMEARRK, TROCAKBINFETRIETTEK HEANEZERENEZE KRR
BOES, HP, DEXMEKERRH 246.15mm, HKNK C A EKE 235.79mm, B Kz
B 221.10mm, =EBHTF EHRR. EEREHKEELPEEAIF, KHAA: ASE>B>CD, D
EANBREAREE, W EEANHEKRRHRE, WTRNERER EXMHKEEAHTEMEE
KARZEMT PEREK, MEXNLEFSORBARRRD, TRPHREFIED. CHERA
HBFMENE L, BEEEXEKFALENELT, EEXNERKAHBRE. HAEBR
%, HEBEOmax8R.
£ 4-6 FRKBEATENELHRF KRR AR

Table 4-6 The water consumption and their percentages of total water consumption of winter wheat in full growth period

at different water and fertilizer modes

i) EnE KA R LB KHER BRAR
(mm) % (mm) % (mm) % (mm)
A 315 53.86 71.6 1224 198.29 33.90 584.89
B 240 4274 7.6 1275 249.99 44.51 561.59
C 165 32.83 716 1425 265.98 5292 502.58
D 165 3220 71.6 1397 275.88 53.83 512.48
E 90 20.77 71.6 16.52 271.70 62.71 433.30

£ 41 FEAKBERAX TEERSERRFKRR A
Table 4-7 The water consumption and their percentages of total water consumption of summer maize in full growth

period at different water and fertilizer modes

g EuE [£3i8" TR KR BEKR
(mm) % (mm) % (mm) % (mm)
A 75 21.19 467.6 132.12 -188.67 -53.31 353.93
B 75 23.33 467.6 145.44 221.10 -68.77 321.50
C 75 24.45 467.6 152.41 -235.79 -76.86 306.81
D 75 25.30 467.6 157.73 -246.15 -83.03 296.45
E 75 22.59 467.6 140.84 -210.60 -63.43 332.00

4232 FEKEERAFENEZ. EEREFRBAEERKSFHARRHED

BFE4ST R, & PE-EIKERAERKEME NESHEKBHBMTEM, AEXER
Fi4938.82mm, SEMEAML, A, B. C. DREEKENFIRH22.7%. 15.4%. 5.8%F5.7%-
MWAKAFERELTE, £/ DEOFRWUELDERE R, XX NANB, C. BERAHEIL. A.
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B. C. DUYAbEE I¥FRIWUES B LLEAR 3 %5 H122.8%. 15.7%. 8.3%#131.8%, H] W, DA FTWUE
REEERK. S¥RWUERR, ANDER N/ NEENWUERRAAER, BIETRHO=MLHE,
BASEREAT LY. EERMITFRWUERLYWUELSZIAAR, BUA, EFEANREK, D
ERXBE. EEKRMOIFRWUERC. DEXRKTF, WAEHWUEFB, CEARFE. FAFEHFRWUE
LD BEF, $22.57kg/mmhm’, HKXRCHA, BHASEHAREAHFE, RIFFEEFKHBE
KRARMMT SHAR, WEERAYMAKIFIAREGRALEETR. DEABEHFRWUE
8%, WA, B, C. EUF#ER23EH1047%, 13.4%. 8.7%M13.9%. TiAEALEPWUEHRD
BEARRESC. BEERMEL/L, MAKARIK.

£ 4-8 FRKBEATENE, BEXNEFRBAEGRKIF BHE
Table 4-8 The seasonal WUE and total WUE of winter wheat and summer maize at different water and fertilizer modes

&hE HEEX i3
LB FAFEE  FRWUE 4YWUE HRWUE SHWUE SR WUE 4% WUE
S 3 (kg (kg (kg (kg (kg (kg
(mm) fmwhm?)  /mmhm?)  /mmhmd)  /mmhn®)  /mmhm?)  /mm/hmd)
938.8 14.34 27.90 3049 46.10 2043 34.98

883.1 13.51 2829 31.06 49.48 19.90 36.01
809.4 12.65 28.18 34.04 50.52 20.76 36.65
808.9 15.39 26.69 3497 54.07 22.57 36.72
765.3 11.68 27.94 30.44 47.11 19.82 36.25

m o Q w »

424 ARKEERXFNENE. BEXRFHSRUF BTN

424.1 FEIKAEEA LR SREFRORA

424.11 MEERKFHANERE

FRKIEER FL&MEREENREFAADmE 49, TR, CEIAMFFRARFSELEI
HEE, EHTERMAMSEXTFRREAEMNET E&X. A, B. D M E WUMEBRKFPRAE
FERLBENRK, iFRAEHRRENEREERBHAFF-BALYENEEE
BERKN. MNEARERRE, LEHFINHAEERENEMTmEM, Kb, ARRERRH
205.7 kghm?, T C. D FERMERAEELSAHR, HHETFBHERX, EERFTERK. &TB
RN A B DB —REEK, HEREERL A BRE 7.1%, AT ERAR/NEH L5
BB ROEMEA, BRAMNEHERERKE —E0RHEER. B #A C. DEX
ZE—WEEKMLH 150kg/hm’ REBURIE, HLRAMEHFRMBEKX, 450K C. DEAME
W R RSB 4.3%F 3.5%. NEUBCIRIESCRE, 7R D M A B 1R %, 451 0.83 1 0.80,
H¥H B, C, T EBABENN 0.71. EAERGHE. B FIERHE, BRTRRSEFXS
5, REXBHXIIHER, BIERBREOREABERRAKEERTERAER (C5E,
D 5E, A 5B), 3%, —ERLHIEELA S ABIERISHEMAS 4 R E R RHH= R,
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£ 49 FRKERR T & NZMRRBUSH A

Table 4-9 The N uptake and utilization of winter wheat at different water and fertilizer modes

i) il
Jis:] ARHH (%) TS S ARLH BER BARER  EHKENR
(kg/hm’) (%) (kg/hm’) (kg/hm’)
A 1.97 165.28 0.51 40.42 205.70 0.80
B 1.94 147.23 0.54 44 .81 192.04 0.77
C 2.16 137.37 0.60 46.81 184.18 0.75
D 1.97 155.48 0.52 30.10 185.57 0.83
E 1.93 97.71 0.56 39.44 137.15 0.71

42412 HBERKFBRER

# 410 RAFKEHER T A/ PERBROBEFEER. T, FRRBEE A SR,
43I B, C. D\ E & 233%. 31.9%. 2.7%H! 118.4%. AR RHRZL D, EBEYETH
=R, BERBEHEAN: ASD>B>CSE, B U C &l 1.17kg/mm’ TR, AKKAIEHK A
R NE EBABARBERER, EHANBABEH D R 7.7%., HEBHERIE.

%410 FEKBHER TLMEHBRBUHA

Table 4-10 The P uptake and utilization of winter wheat at different water and fertilizer modes

gis:] LizA s R
BREH(%)  BREGghm)  AHEH %) BHBKghm) (kg/hm’)
A 0.29 24.33 0.029 2.30 26.63
B 0.26 19.73 0.023 1.91 21.64
C 0.29 18.44 0.026 2.03 20.47
D 0.30 23.68 0.018 1.04 24.72
E 0.22 11.14 0.013 0.92 12.05

42413 FMEREWRKHBHOEE

F 411 RAFKEER TA&MEXHFRABBEARER. 7T, FRABHORFRTU A
BB, NERSH EBEAREER: ASB>CD>E, BEEZIEEKHM/NZEN L RR K
WRUEN, X-BH5ERRENEEAR, RHEFEARHARMNERT, BRHERNE
KEREEDMEFFROBY. 7T LB EMEMAREE, C. D HHEANERARH
REE, AL AR B K 42.04 kg/hm?, 57.35 kg/hm® Hl 25,77 kg/m?, 41.08kg/hm?.
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411 FEAKBEMR TN E M RRUFIA

Table 4-11 The K uptake and utilization of winter wheat at different water and fertilizer modes

13 ¥R i HRR R
EEUH®)  BERGgh)  FHEH %)  BFEEghm) (kg/hm?)
A 047 3943 1.95 154.56 193.99
B 045 34.15 1.73 143.57 177.72
C 0.50 31.80 1.54 120.15 151.95
D 047 37.09 1.72 99.55 136.64
E 0.45 22.78 1.58 111.27 134.05

4242 FREKBEAMEERFSREH ALY

42421 MERBREFABHER

# 412 RARFKIBER TR EXR B RABREFA, oI5, TR AR & 8 A4
B, MEERN%W, REEL A, DR®T B. C. E. MBAHSELHAL ERR. DBIK,
AMEARERAK. HELREEZL A BH, 25/ B, C. D. E&ill 47%. 9.8%. 6.1%H
58%, TREEXZhTRARER, MZEHAORE (B T HRATEENRE (A,
B). ZUlIkIE¥ C. D H% % 0.73, HKE A % 0.72, B. EMIF% 0.70, A, C. D [BEX#HFTE.

% 44 FEABRXTEERNBRE LA A
Table 4-12 The N uptake and utilization of summer maize at different water and fertilizer modes

R ki
i FRELA REE FRLH HEE LTk Rl
(%) (kg/hm’) (%) (kg/hm’) (kg/hm’)
A 117 126.27 0.87 49.89 176.16 0.72
B L18 117.83 0.85 50.35 168.18 0.70
C L13 118.02 0.84 4246 160.49 0.73
D 117 12131 0.79 472 166.03 0.73
E 1.15 116.22 091 50.32 166.55 0.70

42422 MERBREFAKER

#4-13 RARKEER FEIKRMBRABREAA, "R, FFRRH%RENER, AKZ,
B. D £AME, CHBE B E W CREH 343 kehm> 24, A/ IMERMESRAD. TRF
BH#E A, BHEE/L, T C.D.E. NEKERBEREXE, A TFERNER, EELRFEN 25.38
kg/hm?, E¥%N A, B, D, CH&IE, EF E3.75kghm’. TR, A. BXHAIAEEEE (EE)
Mt BB R TA A LHERBRS.
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Table 4-13 The P uptake and utilization of summer maize at different water and fertilizer modes

ik L HHRRE
L& AHUHI(%)  BBE kghm)  ABUH (%)  BHEKgHm) (kg/hm’)
A 0.20 21.58 0.060 344 25.02
B 0.20 19.97 0.057 338 23.35
C 0.18 18.80 0.056 2.83 21.63
D 0.19 19.70 0.051 2.89 22.59
E 0.22 22.23 0.057 3.15 25.38

42423 HWHEEREFBHYR

% 4-14 RAFK IR FE ERTHR ARG B, BImTa, FPai &6 e ri
A TFTEAHER, MHFRRBRZ AEXATLER . BESHEL C HRIE, BN CEFHE
t 10.9kg/hm’. HEHBRAFRT C ARIE, 2 5IH A, B, D, E & 14.0%. 13.0%. 15.8%F! 8.7%.
X, ESEREARTE, MEEHKEERUEEXSZARRKRIER T C ABHE
EXF WS, KOO MLRRLFEER, RERUS.

% 4-6 FRKBEHMA TREEXMMRIUHA

Table 4-14 The K uptake and utilization of summer maize at different water and fertilizer modes

Pis: ] R i HARAE
WA  BEERGgm)  AFEH %)  BFRGghm)  (ghod)
A 0.33 35.61 1.23 70.54 106.15
B 0.33 32.95 1.22 72.26 105.21
C 0.32 3342 1.18 59.65 93.09
D 0.33 34.21 1.30 73.59 107.80
E 0.35 35.37 .19 65.86 101.23

Bz, AFEXMEERMFESMREFARAXA, TR, EARERKE (BIE) i
MR EELNERFARER KGR EERNFSBEAMANERED. REKZHTRAR
WAERFENRE R #HHENEAKREULSR. FORKRMERERR N ZZRIE.

4243 FEKBEANLNE. REXAEFIRUHBHER

ARKEERTFLME. RERAEREREABMTE 415, B TFEPEERRKEHER
TREEZEWEA, FRAERARREEARANRL. AERZMIFRAEKRERYU A
HE®R. KRB, D, ENERIK, T ChsE., BERBIKREN D>ASCBSE, BRRSR
&2 @42 0.09. TN, AHFERAT, DHRRFT C, T A LB RRFEERNMEFNER
KEH, —HEHEKRSASRIKN DB, LHNRRERE.
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Table 4-15 The N uptake and utilization of wheat-maize rotation system at different water and fertilizer modes

RERS
LI FFHL%: B (kg/hm’) HRR R & (kg/hm?) RERMRIER
A 291.55 381.86 0.76
B 265.06 360.22 0.73
C 255.39 344.67 0.74
D 276.79 351.60 0.79
E 213.93 303.70 0.70

4244 FRKBERTLE)E. REXEFEAEERROBBRBEITMH

AEARERX T L& DL, EEKREFRFEREMELRN TN 0FK 4-16 M 47, AR,
HTREARBREANLF=EEHN, AIREATHEERNEREERENEERTEAIE. £/
FHREEERELD WBH, RTEERTC. ESh 5A. BREIARK; EEXNEEE
BHHE CHEH 65.08kgkg, EHAMEARMERRD: BFENRREENE, D RARHATHMb
R, BHHEREARR. BERRENBINRESHLBRZREK, £PEHTEHEEMN
REBERATEAREHET A, B, Fit D EXWELME ) EERTHMBLE, St
A. B, C. E#ii 27.8%. 41.3%. 24.1%M 55.8%. EEXRLBRMEEELRMC. D. EW
A. B D 225kg/hm’ JRE, FiLh C. D, E MEIEREZHEXFFHEERT A, B, THK
H 65%kA . FENRIEME™NRAN D>CE>A>B, 5PMEZWHERR. ZAFHER, C.
D MBI N ELFT AL B, E, TiDHEXHAN CEER—F.

F 47 FRKBEAXTE MR, RERLFRBEERMBHETFH
Table 4-16 The effects of nitrogen fertilizer of seasonal-crop and wheat-maize rotation system at different water and

fertilizer modes
18 BEEHEYE (kgkg) FAEMAEF= S (kg/kg)
£hE HEX A% ENE -EY 3 RAE
A 40.79 61.26 50.23 32.15 4135 | 36.75
B 39.52 59.37 43.79 29.08 38.26 33.67
C 34.53 65.08 48.75 3312 66.31 48.08
D 42.53 62.45 51.93 41.10 65.83 5225
E 36.91 60.68 49.94 26.37 64.16 43.40
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B 47 FRKBERTL . NEREFRBEEROBMBHE FH
Fig. 4-7 The effects of nitrogen fertilizer of seasonal-crop and wheat-maize rotation system at different water and
fertilizer modes

4.3 INGG

MEPE, EERMEKET. F8B. KRAARRSHE, FRATHRRKARARREA
BEEYRRESRNEH, FTELZRUT:

(1) ARAKEERNTRENEHEERK, £ MEERFRANEREIERGTHES|
i, FHN ASD>B>C>E, A, D. B, CHIxT E 5 H 65.7% 55.8%. 49.9%F! 25.6%. &
H— MK R KRR B A/ DENTR, HARBKERT, EARRIENRIEER RS
HixtERAREEERA (D), NBHFRTANAKEE, BT A EANAKKESR=~EH
ST K TR E X REIEERA, BRESEFETRAKE, A D REEEN Y
6.3%, AN D 8, D BRELEREFPNREEE, TEEKPEARAFREREE (8
B PRBV BRGSO BEIEN KBk AH BN, EEREEEER. MAFLRE
PR HR: ASD>B>CSE, A, D, B, CHRA I EHARFIER N 23.3%, 11.34%,
8.04%F 6.19%. AW, KRBT DH D HAMN KA RBIFH, 47 ERRBLUKKKE
(A ERRBEERNMIERT, NEa%RBARamEg D #X, RERERKMRIME
X, TRERAGEETK.

(2) #NE-EEXRARBEREKERMESEKRMOEMAEM, ARLXRRFH
938.82mm, S5E#RAM, A. B. C. DEIBFEKEDHIFM22.7%. 154%. 58%F15.7%. MK
SHFRESEE, £ DEOFRWUELDERE, FLKRNVARB, C. EEARIK. A, B,
C. DIUAE ¥ RIWUES B LEA B B H122.8%. 15.7%. 8.3%F131.8%, "I, DEAKWUER
HEERK. EEXMFRWUENAMWUESSHRIMR, HUA, EFENRK, DEXR
B. FEFRWUELDER BT, 522.57kg /mm/hm’, HA. B, C. ENAER S 5% H10.47%.
13.4%. 8.7%H113.9%. REFEEKNBERARMMT BRAR, XF=REEmAAZRHK
EHRRLEL TR
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(3) FEMBEREERR, DEAKRETHOLE, BRAEXERMR. DEALNZH
FREBNREEERATHAEEIMETAB, BiDERXMEIERE>HEER T H bR,
AHIEA. B. C. ERH27.8%. 41.3%. 24.1%%55.8%. R EXELFBRAILEEERMC. D,
EHA. BZ/Hi225kghm’ RE, FrUAC. D. EMEMRES HEZHTHEEZHTA. B, ¥4
BH6SREL . REMERREREHERAID>CE-ASB, 5MEBMERR. ZEULAIHE
B, C. DIEUEIEM KN ELF TA. B, E, MIDEAMKMCETH—%.
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51 5 RZ%
5.1.1 REHEHIR

BEE AAMEEAMNTR. RFNERAKSBALE

R T20084E Z20105EEF ERUAFRFERGHT, SEMBHFSHEL_FLL

512 REQITREMN

RRT 2008 F£HIFH, REFFRGN-EHHERER, HPE—ERRBINEIE-RE
¥, £hE—EKG. £DE-RHE, BEZBHPOEEESLDE-REK (EHELESF
) BRE-AME-BEX (HHERE-E-T) FER-XPDE-BEK (HHREEKR-Z
) M—E—RENERLLE. CAETRERGRH. BRERLEHXERDR S-1. 1
R RBRERENERE A PHLELS, FAEMIIRE—KEBA, BHE—H. BK. &
HEEFSEANLHENEE, FRRX TN 0mxTm, EEH, BEHHSI.

%51 HHEDHAXEL
Table 5-1 The related information of experimental crops

BHE #HTees B4 (E/kg) 7o (kg/Bi)

BX 2] @ (kg/E)  (ukg) 2009 2010 2009 2010
Wit BRE %£R15 5 36 6.1 10 259.6 2285
FEX FEKk KBS 45 6.6 HEK1T AphF21 HEXK6SI2 £/hE4032
-%-E HEEk 1.8 HEX%K 5175
H#XE FLE — 55 7 HERG32 ApFE21 EKE1711 £/hF 4306
—%-E REX 182 EEX535.1
ErE  BUEE ZF:7 15 9.2 B8 AhFE21D  HE161S  £hFE4A195
—%-5 EEX 182 HEXK493.5
&hE  REEE HHE2S 15 10 N9 ZpFE21  XNF4R3  ANFEMT3

—RHE B4 i38  Hitdk42 FEibE1623  HikK 1528
& % EARE - 6 1.5 ANEL9  ZPFE2l E/FEARS  ZMEA30S5
—RXg BKE32 HEKE3S5 EKE1702 HXLE1608
AhF  HEHEK FKE 45 9.6 AME19  KBAF2l  KPFETT ADFE3953
—HEX EExk162 HEX18 HEEXK6207 HEKSI

—ERBH O EFFEER D ELRETIRRR, £/PERMERFRLE 10 AZRE 06
H, EEXMENFENLE 6 AHHE 10 H. FESRFE—FEIELE. FKE. FEKR
€, FhHRTRI A 244E 4~5 A ZE 9~10 A, 2008 4E 10 A ZE 2009 4 4 A MKRET; BoEMNLDE-
B EASA S —ERBG— B —E—REEREAENRER Y SER 45 ARE 10-11 A,
HARRNKRY. MEFRHTE, BHERERLBOERGT R, ARERPRLNE S
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Bk 22, RN 225kg/hm’; FEZHEIME TR G N X 958, #BFE N 67.5kg/hm’,

FRIEESHERBHEESEHAE, WEHRARAEMEE T AREDETHN Y
FEBA BRRRGAKSFIRRE., BFFH I RMHEE R K M SR EEA
FIFMEERNST. EBRESRANRS, BRARAHEEXNRFE LR S, N HE
HUHMAE BRI, ST B RN A ™= 48 R B 5 1 H A

513 HRFXESHE
FE AR RN .
514 HiE. ARiHE

Bl (Yoan/ hm') =B7E-BRA

= EBA

KRR G-/ B FKE

HeAARE=F 14

BEEAFRRULELHLIE, BEK, FREURLEHEDHBIBHE. KEXSH
RPABNEROTHLER, EREFEAYRONEEBIIT TR 5-2. FPEFYRENE
FERF JBR GRAB). RRAISRARA. BRE (B H. BE. BB ZEHKGEMTED.
RUAKERRARGHAL, BELhiiHtEtE. MEERRMEESEDRRlES
RMZFHE BIFEREORFEREEA AL ).

£ 52 (EMEEDRBNER
Table 5-2 The input prices during crop production

M
HiH MR (B A FE HEEX EXE Ak BFHE FRKE FEX  HER

BT ARMF(T/ 585 405(FL958) 675 2250 2070 5715 4455 2700

hm?) 648 (FRE 60)
AE 4 N(t/kg) 4.35 435 435 435 435 435 435 435
4 P(7/kg) 9.53 9.53 9.53 9.53 9.53 9.53 9.53 9,53
45 K(t/kg) 74 74 7.4 74 74 74 7.4 74
FARAE 75/ hm? 75 - 120 150 150 120 - 150
HFH
RERR 75/ hm? - 60 75 75 75 75 60 60
B
Hi R 75/ hm? — - — - - - - 450
ERK Jo/m’® 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55
AL# TR - — 30 30 30 30 - 30
RHLR  BHAEGY ) 750 750 750 750 750 750 750 750
BHHLGL bmY) 600 600 600 600 600 600 600 600
BHHLGYm) 600 600 600 600 600 600 600 600

WEHGY MY 750 750 750
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52 ER59H
521 ARMEEXNRZETERILR

ARMEERNTBREY (£ 53), BBEYF-RALE FEOEISLENEH
Wi, BEL. BAG. Bk, EXENHEYH-REEEZRYBERTUNMED. B
FER—ERRFNAIE-E RSN E~RES, BERTIUAMEER . AMSFRER
&, —ERBHSAERNETE R R FHES R ZHEANE I RRT—E— RN
FARIE. DREYR REERFRNMMEATHER, E—FRREK=RRER N LM EDEFR
A RRREE—H, TAKKZ. GEMTRN, FEEN-BETFHRETRATIRR,
HEBEAEK, MERERLTEHRE.

* 53 FEMHHEEANTR
Table 5-3 The yield of different planting modes

FHER E4 3 2% (kghn?) RERTR (kghm’)
2008-2009 Rk 3894.0
Fiik 2009-2010 Rt 34215 73215
2008-2009 - S 10248.0
HEX-%-E 2009-2010 &% 6048.0
L EY S 77162.5 24058.5
2008-2009 FXE 2566.5
ERE-%-E 2009-2010 LT 6459.0
BEEX 8026.5 17052
2008-2009 FHE 25125
EltE-%-E 2009-2010 &N 6292.5
K 74025 16207.5
2008-2009 &N 64845
ENE—RIE ¥ 24345
2009-2010 £ 6709.5
£ 2292.0 17920.5
2008-2009 N 6421.5
ZNE—HKE ) -p 2553.0
2009-2010 EZY - 6457.5
- NGA 24120 17850
2008-2009 &hE% 6865.5
ENE-EER EEX 9310.5
2009-2010 L2 -3 5929.5
EEX 8656.5 30762

H: RPREBTRAEEDBTROFEEN; FHESRFRR.
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522 FEMERRETFHE LE

SRR TR R, WK 54 FR, RAZEFMESEREYNARME
ERFERZNHN. FH ., FHRENSFREETIEN. TUEH, FRE. FEENEEE
HRNER, WES AWM 8000 T L, EF-EHRERLCRTREEENRERL:. MLADE.
HFEK. EERNTPHRARGER=EHEZRTHFLRERNELE. FREHT 2010 £KXHH
BRI N, BRI 2010 EMNFREREE 3.12. BEWRLS, BFEPN=HLUE
EX. ERKRBRZ 25 L, T HAED.

HFFH SRR R EER S AS RS NN, FEESNFEERRE R SRR
BATHE, TH, RERERMES, BREELEN, RABBAENRERR, BRESBAKE
MERGERFEHGBMIEERS . REA—ERRINEIE-EREBRABBRARTN
30262.7 7T, {HEFERGAWM BB 150254 7T, HRL-RIHD 1.50 7ot HKEE
PE-EAKGHEANBAY 282998 &, RAAWRRHBRILN 14084.9 TT. XA =H LA
M, ZELRAEERXTIRIE, HOXHREINRTFERRY. BESRENELE-X-
FEABEAG-E-EHEAMRHE 20 T/TUT, SRS BRE. NEREEE, FHE.
HEIK-F-INMLNE R EREHERRL, MEAN—F—REERERATERH 2010
ERTHFREENRTE BHEENE B3, ZEROFREIGMEAEEFUZREN
2K, TIHENNRELRHBUX=HEREERTHENMER, FHEAMEEANLD
FHEX—ERRHEXREANRAARBHAE=T UL, BESFRRRE. FAULER
B, E¥ERESTRARMAHERNY: FRLEAE. —FERRENAPIE-EEX, FEZR
HNETK-F-F, MACHMERRERE, TERELEEFHETR.

523 TEMERRRKS M LR

523.1 FRMEHERMOKSFARE LR

FEBEER KRS FERERLR 55, NEFEYKRE, BRKEZERENZHE
X, ZNEBMFHREKPERKOHERSENEEMHX, BRZNES (2008-2009)
St oK g EEAIRT D, TUREFDHIER (2009-2010) IR HHUKRIMEMA. REXK. B
£, BRKTG., FEXK. HIiEE, ERENERENOEANEERRETEK. BEEX, BIEA,
EXTAEREEFASEKREZRARYHHERBEATLNE, THROERR, £ME
LR BAESKEROHER T HREORAT USLEFARERNHTK, TMHAEEDUEE
FEK LR THK. TIREDERERLS ROEYHENMEETHETRAKRENRE, FHE
K. NESEMH WUE K&, UEEXK WUE WEBH, SAERPEEKK WUE %
22kg /mm/hm’ Bl b, 5HABEYIR WUE EREA. KKRETKRMNE/MEH WUE AR,
THAEYIH WUE B2 Tkg/mmmm?® U F, BERENZERBEKA. MEEE. BAE. FE
. BEXNERENERAMENE, FEX. EEXERGEOELASFARERENE
BEN, HHEESBTHARREGRHEN S WUE tHEIK.

BT MR FEREER N BBEWREK. KAFHRRBITONI, X =t Bl LA
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 E RV ALE B R A 8 X BAE ARAMAERNT ], BB RANBVLR

HEERFEENLE RN BEHTHN, TENEZBLE—FREH. BEZRHEA—F—RE
MER, ANHEERTEASHENERERNER. FENRERMSERE, ZHFHEBIE
EFREETHAREKRRIEHTEN: —ERo—FE—BRESR, XPREZRPOE
K- FERALCHERPHARBIEN, FESEKEY 1258.1mm. £PEF—EEXK. %
MNE—BAE, &£PME_EHE. FHE-E-F. EEX-E-FTNEREEANFEREKE
HEERTE-FHEAEH 359%. 38.1%. 36.9%. 12.0%. 15.5%M 152%. AW, —FEFHH
S =R EEA N R EREAEER B, MAF=BHTRTERE-Z-FE&R K
LFEMERNBEKS—E—ROERERENBRKEERHA. THEN, FEK-Z-E/
R B KRN A/ E—E FKIK 257.3mm.

MEEAKTRFT G LGRS, —ERREINSFEATT S BFKRMILAIHER—S, TIRE
SREZ AR EER. NFERZLNE WUE XE, U—ERRBFINEME-EERER
FRESBNEEX-E- EREAT-E-FERRHA, 2% 18.0kg/mmvhm’. 16.6kg /mm/nhm’
# 13.6kg/mm/hm?, HPRULME-EEKRELNREF. TR, EZBXEREKREHERLT,
UA/PE-EERER DA FAREREER, HRAAFEEKR-Z-FEA. THAEEKER
SHBAG AR IR 2 F AR R R AR,
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5232 FEMEERRGEHKDF PR EE

BAKBOSFRBTTRRAKGERE, B—BRESNMRAR ZNA. A5XA
TARRRHEER T RAERN B ES BRI ERRIEA SRR 2 (EBBWU), WK 5-6 Fi7R,
AR, LRAEEXFEN BRI RIS UERERERRNY 400, ZWHES 2010 FHIEN
TN REE X (2010 EEXFRIBIGMNE A 10 TTke). HRALPE-HEK—ERRERM
R, THENE—TKEE 329 TENFHN, MELE-X-ENENE-BIEE, £/E-
EAERKAF BB HABIES D HFE—TKE 25 TEARSTNG, ShIERHE
k. BHRANERERFRBIESIRN. MEKE~Z-EH EBWU X 2.89, RTEEX-X-
E (3.04). BAERE, —ERRGERN T EBWU 5FHE=REIH T EBWU Z 44 F &
FTHERE—F—RE. NAKERENAERE, GMEKME—E—REINFRIEN —FRAH
& PME—RERMARRK, HTFHMAASFRREREOTEERD: FEE-R-E. £4P R
—HeE. APE-BEAETULBELEHHETR, LWRRIMDK AR BNZTFRE R
HIRrER A

56 FEMEMA KD AR
Table 5-6 The EBWU of different planting modes

AR HE S K R/mm P48 fyuan-hm EBWU/ yuan-m

Mt 1449.5 58028.4 4.00
FEX-%E-E 14534 44250.7 3.04
BERE-E-XE 1258.1 36385.4 2.89
BlEE-%-E 1408.6 36233.8 2.57
ANE—REE 17229 45288.1 2.63
£NE—REKE 1737.6 42384.7 244
APE-HREXK 17107 56334.3 3.29

524 FEMERRABEANLRFITLIER

BIALT 2008 F4 DR 2000 FFEZIEY A LATH 2010 5 & F BBV G 2 HEBHZ
(0~20cm) LRSS HHLBAEBFFS . FAMHEERERFEN LREAFSZURFLME
57, W, BTHEMLEEDRATERER, TREEFMPRLEHLE—H, 24, £
BRAHYHAREFARNERAR, HPULARNARBEERK, BARMEEAN=F2E
FAMRBELERGRAD, EPARHEEANEDN L EFFIOREMAERAEE. TE
BFSEEHARANA, WHRERERYRUARETFRR, EXFEMBRRK, FHN
30 mg/kg Z£i; WAREMIREIEREANEIE, FRER Togkg £4; ARMEREKRHHERN
REBELEEER, MEXFUEIR-E-X. FPMEBRE, £NFE-ERE. £h%—
HIKRESEIGH 0mgkg M b, HRBAEELRTHAE/LHHEER, RA—FERRBIH=FE
AN LR E AR RBR G TR O EER. DR RRE—— M RIE TRNE
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o B R RPE BT 22 AT X BHE ARREEAN R, 2EREAERKIRTHE
P e =

. 3, BRIE, BEE-Z-IRLAPE_RRESFHRANE RH T BERRERHTRIL,
KA MEEA A AR, THAEERBENLERRENTRERTHOEY. S6RE
ARMHEAN L BRM RN, TUES, REARMESEAN LR, I ROPHR T
BRBZ, HAERAEATEEEX . NFHNARBERE, —FRRBNENE—EX
5. &ME—EERHEE R AFEERS AL REAR 2RI R EPE=RGIE K-
#-EEA— B R T HFME.

%57 FRAWERKFEERNRELN (0-20cm) FLER
Table 5-7 The changes of soil fertility of soil surface layer (0~20cm) in two years at different planting modes
it ] #MEAH 2R £B 24 WA HEH pi b 6
(g/kg) (g/kg) (g/kg)  (mg/kg) (mg/kg) (mg/kg)
AEHE 2008.10 0.67 0.80 17.0 58.59 9.43 56.27
FRE 2010.11 0.77 0.86 228 6122 8.12 86.8

BEXK-%-E 2010.10 0.89 0.92 227 66.40 11.24 93.6

EXE-%-X 2010.10 0.89 0.93 223 69.01 11.01 845

HhE-%E-E 2010.10 0.80 0.88 221 66.40 845 80.7

ANEHEE 201010 0.84 091 230 67.70 643 91.6

£ HE~BEAE 201010 0.85 0.96 29 68.4 1249 952

ZNE-EER 201010 0.81 0.94 226 62.50 10.08 92.6
5.3 I

ZATENFIRER, WER. SHRBRADREKRLE, ERERWT:

(1) HHEERNTBMEMERORETRE, FHIEOEER. RERNENEZEE
P B E BRAT BRI, FERA—FRRHNANE-EERBEAN B~ ERE, BERTH
o JURR RS . AMRAREKE, —ERRHSHERANE Y BRXTREZRE=MAEN
WETHFEBAT—E—REINERE. T, —FRRNREARYRERIRE.

(2) AEMERFENREQIBRA, FHAERA R, FHIE. FEENEEENRA
B, WEFAGH 8000 T L, EFHAREREER TERENERE. MAME, FE
¥, BEXHTHBARCERLEHTH TEEENELE, SME-RATNEIZ-BRE
ERAPRHAREN 1.50 07, E-LHRHEERPNRIK, HPXPAEARNSR TFERRH.
WERELER, BRI, BEX-F-ENLME—ETASHERBE, TRENKRAANR
HUX=HERBERTRENHER, FRERFEANLME—EEX—FRBHEARSF
ARMRZARRHE=TUE, BREFRRRYET.

(3) FENRERRLERE, SHAHMEERFEERTHNBRXERAEHTHN: —
EFHR>—FE—BoRESR, HPFREZRPOFERE-Z- AR LRGP FRARBIEN,
FERFKRA 1258.1mm. —EFRRHN=FHEERNBRKRYRREEL—H, THF
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SREIPRT EEK-F-EHAS, HEAFEXN SRS —F-ROERERENERKERE
AAF. THEAN, EEX-F-EHEERBEKREADE-EERIK 2573mm. AFER
%15 WUE %E, U—ERBENLANFE—EEXERAHEZROFIK-EZ-ENFRE~
#.FHEABRE, 5% 180 kg/mmhm®, 16.6 kg/mm/mhm’ F 13.6kg/mm/hm’, FF AL NE-
BERREh BT

(4) LRAEERFER BRI SR LERIERIERRKD 400, XTHS 2010 FH7E
M HRENEREEX. HRIEME—EER—EHRRMEES, PHSERE—TK™4E
329 TAFKE, MERESE-FERLNE-REHE. £/PE-ERERKS AN BIESY
HEME—T KL 2.5 TEAREHFHE. TIFAE-%-KIK EBWU X 289, KTHEEX-
#-E (304). NAKERENARRE, ZHXAE—FE—RENEREN—ERAHNED
F-HEXBHFRHABK.

(5) BEMRALHEEYRFEANERRE, T REERINRUEHLR T, HHARE
HERRBREARN, HPULBPHARBERA, FAEAEERXN=MHLEFINRBBEERY
B/bhe FEEGEL T HRAEAEMPY R AR EE R R LERE AR EERA, —FRR#
S SRR TR R BB R T T H RGO, —ERRENEIE—EX
O #NE—EEXHEARNFEERSOELREAFS BETNRESHE=RHHFEEK-
#- AN —EEEHRRE T 1M

X AR BIER T, UAME-EERER A KA FAREMRERRL, HEAIFRE
k—F- R, HEBNSHFRSYRET, MERERREKRANEREXSFARRLT, K
b A AKBAMBIEHERILK AR E LR, ERETULSTERE.

AU EERRE, EREMESTARKMMEERY: —FHRHNLIE—EEK. F
WLk, FESRENEER-E-E, MATIAEIREETEMREEE BLTUEE8E
LUEGHETR. BRERAEER-F-EHERALADE—ETKEBFRKETE 257.3mm,
BB EERKNRE, FEX-F-ERE=REXTRRRROBAN MG, Hi
fHE— S ELBAFRRREAFERA=ERXR,

60



o B R B B+ AL RS BAE TESER
e ——

ERE FEHZR

EHRRG ST ARV AKERER., BEER. KEEAR A PIRE-EEREZ R BERKE
KEEYHEKRE. 8. BASERKRFAREORW, HUETARMERT &ME
YR, KSRBREAREAAMEHENLFARS. ARNEHNEESRUT:

IARREBHATANE. EEKNFREKAFAKE

(1) MFERSHENEEARERER FHEKRE . F=EAM WUE #1THE, KHAAFREK
HABREREE. AF 15 HFE 2 H—EMWKRS. EEERLET, X 157298
FHE 22, AF 15 B KLBEERENFN-ENBRENKINERE. ZRH, RUHER
ERXEAFEENGMVER, BEENHHERILMERSTHEE, BRERLDMEFEAK
ARIFIRENERRR. (2) XNEZRABOAFTEBZERNEWEK, EFHPKIRETR
IERBEE: REXBhTHARS, REAPMESAFRBEANZHE/D, EFROFEER.
BEEYRESTRN: WIEW2 EEEER, BEERT W1, 23R 125%1 8.7%.
AR BEBEKERMERBOM MM, A% WUE BEERGMINTRD. £0E W2 &8
St K HEBDRIE T AN E-EERBEARRRNE=EME WUE, REHFIIKE>E
. DERY, £MESEFHRT-ENERRRIEEFEYRAEKRES. BENE
ERE, WWKEE (W2) FHRTRERANRAERMBAKIFIHBE.

2ARRIEER T4 ME. RERN"REKRAA

(1) FS1 R T &N E. REXHNSHEYNBERT FS2. F, BERT FS3 M1 CK, 3f
HAERFEMERERR (8 CKI1¥7™= 28.7%). FS1. Ff FS2 =A ALK AL WUE BUR
WY, BARREK FS1 MREAKIFARRRERTHELHEEER. (2) AERRRER
N FSI>PFS3>FS2, 54/MERBMBHBEAMA. ERIEARPRIEFNNENER FSI1
ERXR GRS, EREEAL FS3ERARFTE, H FS1 AL DEFERRLFNEIRT R
i, Hik, FS1ERMAKYBREEEER. 3) HIEMNHERTEHENRI SBEEARE
B, HELBAERENSRAERHRAEHANER (F, FS1. FS3) REFMERER
HPRE, TSR KES (CK. FS2) HRARMEBE S BHME.

P E#E, BFARA FS1 BEMREE MR, RTHANMER, BRIFHXRENE
BARLRIEER. BERRETAME. EEXE, KR ANERFERFNSRET
WRAASE, SHFMBAESRREE. Fitk, %X A FS1 X, NREEYFR. TAHK
BEHEHEEERM.

IAFKEER TA&ME, EERNZ=REKERNA

(1) —EHAEE R AERRL/NEN>R], HRRERERT, BEXREXRE (D
BR) ERTEEN T RORFBIBERA. NEFHHKNAELE, BT A SRFAKKE
BR&ZEHM TAEKSELERKN ESRRBEERK, BRAALEFERAKRE, ALDR
FIRRE R 6.3%, RAHIXT D 832, DMAELHEFTRRELR. NAELIE-EEXE
FRE, KESAEEDH D SR B RBITH, £ ERREUAKKIER A BRHK
BERNMIERE, NEAEREAD, BAEMNETH D ER, RHEESRKKREEHX,
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AUERRREF K. (2) £/MF¥H WUE MU D #A) WUE RERERK. EIRM¥FR
WUE FI4E4) WUE 1500 d X b B8, RFFPR WUE BL D BRI, % 22.57kg/mm/hm?, H;
A. B. C. EUF#R 455 H 1047%. 13.4%. 8.7%M 13.9%, #BHEIEE KA B B R LY
MTBFEKE, MNEREMMAKIFARENRELFETR. 3) £PZBTRERIARR
BEZATMHARBHET A, B, X DEXMEILRESHBERTHMLE, 25K A B,
C. EFiH 27.8%. 41.3%. 24.1%F) 55.8%. FAENREREHRAN D>C>E>A>B. C. D
FIEEN RN ESF T Ay B, E, T D #RMHM CEFR—E.

AREHEBEATHER. LIRS RKS BN

(D MEEXN=REEHEEORATRER, HEIXEHRFER. EERKPL ELES

MR RERATRORE, —EHREREARYRE=RIRR. (20 NEREES, EH
. BEER-F-ERELPIE—RER=MERLT, TAEARZLRGEHUX=HEREER
THENHER, FRELENLPE-EER—ERREIRENRAABEIE=TUL, &
BLFRERF. 3) ZHHEFIEEREETINBREKERABETLEN: —FERNl>—F
—RSPEZR. BERZMNE WUE A —ERRGINEANE-BE ERESNHE=RNEE K-
E-ERFRE-Z-THABE (O NHATBUHNAERE, S XME—E—REINFRE
H—ERRHHEPE—REREFHRBK. FEBKIFHRE UFERERERE N 4.00,
HRA—FERBENEZ-EEREN 329, FHAESFE-ENLNE-BRE. £NE-HKEHK
AR R BANBIR, WhHEBHE—HKEE 25 TEANSH¥S, EAG-%F-EM EBWU
k289, KTFEEXK-F-E (3.04).

GAULEREY, EXFENESMARNMHEERY: —FRATNANMNE—EER F
WIEELE, BEZRGINEIK-Z-F, MACNAMEEXES HEOREEE, Eils
BELYEEMETR. BAREAFER-Z-THHEEANERKREANE HFERTE
257.3mm, HERIZXTERKNHE, FEK—E-ERESBER TR R REE K Bblk
#.
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