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Table 1 The range of values for the optimal objectives under various rainfall year types

and cropping condition
4 RALHHRTEE Range of optimal objectives
R 'ge P i< —
Cropping RYT Y N WUE  NUE WUE, NUE,
Ya
condition kg/hm? kg/ m’  kgikg 107 °hm*/ m’ 10" ‘hm?/kg
G 5000 ~ 6000 - .38 3128 - -
ww z 5000 ~ 6000 - 1.10 29.61 - -
S 5000 ~ 6000 - 1.23 28.50 - -
G 7000 ~ 8500 - 2.19 24.27 - -
sC z 7000 ~ 3500 - 1.97 21.55 - ot
s 7000 ~ 8500 1.72 12.96 - -
ANE-RTR HFhF 0.7160 ~
0.86 14.31
WW-5C Z+2 0.8644

PE: RYT- BEFTH2Y rainfall year type ;G- T 2480 dry year;Z- ¥4 normal year;$ - @IEY wer year; WW- £/b
# winter wheat ;SC - E KX summer corn.
1,23 REERMHERHENAHE ULEIE EERERUATHRBASER() BESE(NIRHE
TR AREHN:
KANFE EKETN 40~ 440mm; HEHRD 0-320kg/ hm?
HIN BRKERN s0mm SEESERL 0 - 320kg/ b’
RZAZ-BFKBE EARLBRY 80~ 4300m; HRLBRH 0~ 640kg/ hm’®
FAES- RS EROL R ER R TR BHE—EK RERBET N SRHRE ARES T
PAETABERHERRN AR . BHEHTHERERREAR FREGRLR 2.
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Table2  the objective functions under variow conditions

FHISYL PRRT AREDEK FRK
. B o B X
Cropping 4  Treat
Objective functions
concition RYT {n) F test

Y-6.248x (07 +1. 116X 10N +2.406 x 161 +1.825x 10" *NI

- 3.338x10° TN - 4.163x10° %17 .
FH 25 WUE =3.808x10°!1+2.890x10°*N+4.478x10°°1
G +4.087x 10 °NI- 8.348 x 10" *N' - 9.042x 10" %1? .

NUE =1.664x10+2.475% 10" *N+1.573x 10" 11 +6.107x 10" > NI
- 8.506x 107 5N -3.297x 107412 t

2236 % 101 +1.124 x [ON+2.985 x (01 +1. 444 % 10" ' NI

- 3.134x10° N . s x 107 ..
* WA 25 WUB =1.697x 107" +2.545% 10" >N+5.498x 10"
* z +2.437% 107 ONI- 6. 718 x 10" N - 9.999x 10" 41 .t
NUE =1.119x10 +1.041 10" 7N +2.029 x10"'1+2.487 x 10" * NI
ww - 8.451 x10° N - 3.975x 1017 t
Y=2.626x 10° +1.308 x [ON+9.4871+1.278 x 10" 2 NI
- 3.253x 107N - 1.858 x 107717 .
I 25 WUE =8.113x107' +3.16) x 10" *N-3.982x 10"
s +2.287x 1076 NI- 7.545 x 107 O N - 1.600% 10" 512 .
NUE =3.26 X 10 +1.592X 10" N +1.664x10 *1+3.925x10" * NI
S 1.063x 107 4N - 1.031 x 10" 12 s
ot 5 Y=4.052x10° +2.516 x ION- 4.427 %10 N* .
G WUE = 1.212+7.441 x 1072 N- 1.306 x 10" *N? .
NUE = 1.925% 10 +5.225 x £0"2N- 1.233 x 10" *N* .
® Y=4,792x10° +2.242x 10N~ 3.541 x 10" 2\ ..
I HE 5
x® 2 WUE 182+5.513x 10" N- 8.594 x 10" *N* ..
sc 721 10+3.901 x 10" *N- 8.069 x 10" *N* b
o Y=3.493x10° +1.348 x ION- 1.576 x 10" *N? ..
Wi s
s WUE=9.689x10" ' +3.779 x 10" *N- 4.464x 10" *N* *e
NUE=1.126x10 +1.530x 10" *N- 3.426 x 10" ° N .
Py S RY,=2.272%10"1 +7.099x 10" *N+1.986 x 10"’ +7.494x 10" TN
+ + - 6.717x 107N - 3.278 x 10° ° .
BTk 4% WUE,=3.862x 105 +8.598 x 10" ¥ N+1.422x 10" "1+6.113x 10" "' NI
ww 1 -7.5% 107" N~ 2.666x 10717 i
z+z NUE, =8.265x 10" +4.476 x 10" *N+4.9% 10" %1 +1.724x 10" '*Nl
sc ..

- 4.915x10 "N - 8.081 x10°°17
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Table3 The results for the optimal amount of irrigation and N application
under variows rainfall year types and cropping condition

- R A

. e b "
Frikfis e kR %ﬁsﬁ ARKUEE Opti. and max.
Cropping Rainfall Lrnigation N application «

N relative deviation for |
condition year type (mm) (kg/ hm?) .
opti. goal

Py FHa 2131 ~269.6  134.4~215.2 3%~3%
o P 2 160.5-245.3  163.0-195.2 3%-3%

WA s 162.6 ~232.6  144.5 ~248.4 3%~5%

+5% 6 - 164.7 ~288. 6 3%-3%
Hk -

sc Tz - 136.4-266.3 3%-3%
A s - 320.0 ~320.0 10%~26%
£NF-TLEK P L FH 228.1~326.4  304.2-514.5 3% ~5%

W W-SC z+7

o LEHRTAINE MEX AR TR S A R AR R

2.1 AEBFHRA HIOKEE IR

3 AT AN SEBRIS B S000kg/ hm? (] H AR T PR MR AT A B R 7] e
FRTFARRIN WUE NUE,Ji i S MK RAET RER TFRE 02031 mo, FERIBIEFR
HHE PN T RER 75.3 % 76.3 % ;T KEE S BICPEER T BR b 163. 0kg/
b’ FRF AT RIE, AP HTR 82,5 % . BIE 6000kg/ hm? (B 4575 £ R R AR LAY
WUE .NUE J7ili K i, T RFET BES 269. 6mm , PERRIFRFIHHTRE
21 90.9 % 86.3 % FITHMHELE BT TR 248. akg/hm? , FREPEFER
Wz AR TR 86.7 % 78.6 %,

M ERRASERE LA EHFRRAENEUIARFERE LBEME  SRREE
SLIEBIE . MG RER S MR IR K EIEFEE Y RAD RN, Fh ¥k
Gkl FERBEHMPEL . B RAERTRAX HEREOREBERA R RSR
ARAFHTREMML RENERABEHZ — .

2.2 EERAFNMALIK FERIEH

HEABAEALE OB HERRETRA, & OEREAR RAFE > TEE
BY > AR HGE X E B PR A MR R oK BRI ERNERMN . T
BREMET D T REW-RIGEARRER PEFER ERE RN ER8 AN
K ERBEFARER VFE RN —ERRNRARER . MEHFY W% &
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BRETHER X BRA 5T RIEYBRET B R ARAEA BHRANES
& . SERF WH B AR .

A BB 1R B R R AL SR SR R P AN REIA B 7000kg/ hm® R 3%
7000kg/ hm? ~ 8500kg/ hu® ) A7/ BRI B —RARRMBABERE 10% ~26 %,
MM E M 1 n TR RBRRRES HRATRE SBAR HAEERSE T
WEA RO EREEE T (R BARRIEE — R R RN ER R .

2.3 ZPEHEREENRLTTK BEREE

K- AERBIERET OSSN SRR ER N SRR R T R
S, REERERIK 40 nm THKLE LPENHRAEKEINA 1881 ~286.4
mm FHEAEYN 228.1 ~326. 4mm ERM AL E-F 2B G 2FE BRI 50 %, T -, L0
# HERSBRUMEERIIN 152.1 -257. 3kg/ hm? ,FHEEMH 304.2 ~514.5kg/ hm?

FEFAF AN P20 RY, BRARII WUEL (NUE, 1 HAR & LR BT 4 2 () 2 88 K U
H NS LB PTG Y RS b 25 ZANSTARAY, () 45 B b - &/ Z2 BT A K R R R 4
MFELAR PR b R PRERRS R B AIA P & T R AR T IAR T RS ks
BRI 62. 1kg/ hm® M2 TR ER RN 24.1 % . HEXKFIT MR OT
R 2N EMR EARZEERESIRT 10.3 %. BHRE FHERT EFEURE
Wk B KGE MR EUR R SR A GBI F R B R R TR —

3 P

MR LG R T HERAF A Ltk 2 H AR (0 P AR R S AR A 7= K
REEARRIN . B ES%BEFR LUK BREARRERERRT L
A BIEMIESS . WA XSUREE AORARR . LR RIUARE R4 E b
TER AR5 U K R ) () FE L 40 % AR 1 T 0 7K SRR AT ARAE . REAR S L3R
K EAARGAT VA T — D3R MK SRR MR . JL5h AR SR AT AT R
EAR MBI H B2 TR AL . XA I ABT AR R

2% X

FN RS SURIEH SRR ) AR P RN R 1996

ML R E BRI Jost R AR 1990

TR FEBR L HOKE B HRKE E2FS I WEE R TRAE
i 1999 .504) :297 - 306

FWH ERA B LRKS FS R AR FRRLKEER 1997, No 208f) 1 8~13 .

FGRE FEE RN TR SENT R HEROEARA BFE WILARNR, 1983




] ERMW%E :LHRKARBOFHEEE 1 2

USE AND MANAGEMENT OF SOIL WATER AND
NITROGEN RESOURCES
Il The optimal management of soil water
and nitrogen resources

Ving Fengxian Chen Yan Li Yumhu
(Gollege of Resources and Ervironment , China Agri . Uriv., Beijing 100094)

Abstract : On the condition of winter wheat-summer corn cropping syste m in Beijing, the non-
linear goals programming model was used to optimize the water and nitrogen manage ment under
various rainfall year types . A linear approaching method was chosen to solve the above model.
The rotal amounts of irrigation and nitrogen applied was employed as the programming vari-
ables . Grain yield was set as the first preferential goal , and the use efficiency of water and ni-
trogen resources within I m soil depth as the second preferential goal . The objective functions
were obtained from the simulation results of grain yield and use efficiency of soil water and nir
trogen resources under different conditions by applying the cropsoil combined model in this
study . Finally, the optimal ranges of irrigation and nitrogen application rates were obtained for
both single growth scason of winter wheat or summer corn at different rainfall year types and
annual of winter wheat-summcr corn at normal rainfall year type .

Key words: winter wheat ; summer corn ; wheat-corn ; optimization ; management of soil water

and nitrogen ; nonlinear goals programming model ; lincar approaching method



