23 Hoel A b TR 2 R Vol.23 No.6
2007 5E 6 J Transactions of the CSAE June 2007

55

ET T EAEMAFRIRE N/ NEZHEKER L ER

B B, #ATEAR, g, AORET

(P TR AR M 2 T 5 BRI 2 e, T AR - MR A 926 % BT 100094)

B O R R B T K R B RN S5 1, M T A AR K A R U o LK Lt %R B
R FEA L, AN A AL Ko AV EUIE R T R A6 F bs, H5 2NR E KR TIN50 O 6 B BL S T 2 H ARl &
RIS . AE AT R G B B Akt P 32 B0 1) Ty i oxeh E W) K S SR8 A B RS I AT O e i X K 4
Pl 360 R ORI RN PP 36 3R S0 BB T B, P R A g A (1 K G NI i) 2 ko B0 5 S W) A R A 0L I8 8 A2 K 23 AL )
FAF AR TS B0 K O AL BRI Y29 T 25% , 7K 43R P 20 Lo AR B 2 2 129% < TEK 4 RIS 23 B bkt
(09 4 1, Ak 8 0 il A SO AL BT 54 29 T 129% . 2K 23 FVRUNE A P 2805 43 ) L AR PR W T 29 139% A1 16% .
KB MEWAEBRL: ShaLl: ik, &4

FESES: S31;8521. 1 XAKFRINAD: A XEHE: 1002-6819(2007) 6-0055-06

[ - e
60.

&, % ETHIRAEMARRIURE NS/ N ZHEKAMULEER] ). Rl T2FR, 2007, 23(6) : 55-

Chen Yan, Hu Kelin, Feng Ling, et al. Optimal management of water and nitrogen for winter wheat based on simulation

model in soil-plant system in agricultural field[J]. Transactions of the CSAE, 2007, 23(6): 55- 60. (in Chinese with

English abstract)

illfs

0 3l

AT 5 KT FEE b il /> 5 8 AR 2 RIS PR BT 1) 775 e
i vy AR P 7K S % 90 P AR P 2880 % A B 488 ok 1 400 7 o A i
L, B L HE- AE R GK G IR Ie sl S AL
BT RS 2 BEAL RO BIE S, Sl 9 SERAE IR
RO RIS H R AR I, e or - {EY RS
PR DR AN K A B AR B A B A

T, 1 A0 BT R K I A BT 5 R, 1 3K
AL B A i ) St K 2 A2 AR IR BG A S 2 il T VRl
AR A By 28, SRR SO 1 3K 4 FR A AR DR AT
BB AR K O RIS RS H BT RY T B Ok
() 587K 53 77 53 Bl A ARBUATEAT AL BT 5T AS
2 Mo AT — LB ST P A K A K AE A
RARAF AU H 7 &, A5 T ) 2% 1 1 5 2% 1k %
PRI 2 AR, SX P IRAEHE I AT SR PR DR, Hs

WO H J01: 2006-09-14 #2141 HB: 2007-04-11

eI H - [ 5 SRR AL S T H (40401025 1 30390080) ; KT
F RGN A B RICIRT 0412) ¥ 1)

TEA WA B WR(1957- ), Lo, MR N, BB, B A e U8
FRUEEU b M ECE BRI b b el R I S IR 2
[5, 100094. Email: chenyan_ num@ yahoo. com. en

FOM AR A FORIE (1964 ), 95, PR gr AL W, B, M
TS RECARMIWE T, bt o B ol A PR R BR A A
[, 100094. Email: libg@ cau. edu. cn

B A HEAT BB S g, AT 4R 3 — A Ee A BEAR 10 7 B
Ji 5, W5 A GU B G SR AT BASE, AT DO AL A B
L ATV o ASCUAE Y ™ BRI e 20O D T 5
b, AR 1 4 28 5 7= et A0 1 387K S R ) 2 e 5
AR 5 b2 18] Y R BB 3R, SR 3K Sl FE e Y
A PS123 BIRIPEAT #e4, AL BLAERE b 3h & R i
X FH DK DR BRI AT DA o

1 EAKRIE

1.1 {E¥E KRR —PS123 525!

1965 4, far = (05 ¥ 26 K R 4800 B BB o o 3
de Wit #UZ W CAE TSIl B SEBL T 3HE W el )2 0 &5 15
FH R, 76 CAJG LTI ) L, A 2 (06T 50 3 e or
T RBEIEY A KB, IR 2 AU 3] 71 2 M5
UEAN Y . e Rl PS 123 B AR, 1R S A 24
Wageningen K% L 3EHJIT R Driessen #0555 NJTK
(3 FH 1 d A b b A 7 VP 1R Yl R, AR g L
5 BACROS.SUCROS % MACROS ZE/EWE K ik #
B —FF, AT DUHRIEAT N2 K SER b5 2
R A = L A AR, i T AR AR KPR
U o, PS T BERBTE M i A e v ), R EOE
K I3 FR 0 SRR I - AN w4 i AR K PS2 B
IRy BRI B HE 2 7= 0, HEBGE RS K 23 4k
(K LD N AR S VR I A K PS3 TS SEBL H bR = it
(PS1 A PS2 FIAEY A= J1) BT d bt i & . pS123



56 Ak TR 27

2007 4

ARSI (1) AR JU BRI U Sk P WL SCRL 5]« iR B AT
TR S BUCE SRR D UL R 2 Bl T B 1 A, 7ETR
] (16— 2 i 7 15 2 7 3AE, FLAT R & PE T
1.2 EhsEKFAE

BRI IZ B2 — 033, R 2 Bl ok
(M ultistep decision process) FIE° Jrik. Hiik
55K 1) R0 1) Sk 2 43 BSOAH BTG 2R 190 J LA B B, 46 1 i
T HUCR 278 R e S A o DL B s Sl DA vk B, T A
— AN K Il A A — i 7] 26 KL 1K) 7 1) L, AR S B AN SR
iRt o [ A T B A— 2 HARELRI i AE E 1)
K BUE B T AR T — € R R YRS, AR A
M AR AR 7, DAIRAS S v 20 G R e R Tk
R
1.3 PSI23 {REMEEEF LR

PS123 BEAY B vH AL A A KR H HERE, Ok
HAEE, TY NI, HE R, #4388 T 1R 8 o, o
TR R Y, R pS2 KT KM BB T F
WP, BARIBETT T — 46 L 3K - M B B R o ST AR X
fi] ., g e 5 ufl AME A A 2, RS PSR B% 17, 1T PS3
7 O RN 24 G N A 0 P £ 17 S P 1 A NS O
PS2 Fl PS3 BERLHEAT T #4045 o, R L338/K 3 g 2
W I RSO SLK 53 B Wi K1 of (W ater) FIF74)
SR T of (N, A5 Y 1 A N7 B 56 0F L AH OC 3C ik
[12] .
1.3. 1 ZKGr s8R -1 ()it 51

FECHE ) PS2 BRI AR R AR T
VEWI (95 70 Z5 R (T, mm/d) , 1 38K B0 ) 27

RUTHSE T 387K 53 13 38 2010 10 1 4 552 s 26 I 3l 2
(7w, mm/d), WKy 50 PR 7 n] R At
cf (Water) = T./T, (1

1.3.2  SUIESEm R F ff i 5

FECE Y PS3 BERL R, 22 Daisy BIRIY ) HUAERE
Wi R F 1] o g

SN = TNne ruve

X TANC— 1E L b3 92 b 7 % i, kg kg
TNNC— {EY) b3 %00 6 % %A, ke/ke;
TMNC— 1EYHh 3N AU, kg /kg o
1.4 ETIRAEMAGELERHEABKARLE
AT
1.4.1 FrBAE

T Ik 6F /N 22 W URE A R (1) 0 B, ¥ /N 22 4R i Y
WA BRI A T ASBEL K1Y A BB BOEUE N
MBAER (= 1,2,,T).

1.4.2 RELHE
TEARIRI b AR B E
1) ¢ BB 20 FL A #E K = W Qu(mm) ;
2) ¢ WY BEAT T4 mC ) I HT 4 N Qu(kg/hm®) ;
3) t Y BA/NE KB E N EY S S(org)t
(kg/hm?)
1.4.3 CREHB I RLEITTE)
1) K5 Be T F

WQui1= WQ - Wd, (3)
2) BRI EC AR
NQui= NQ. - Nd (4)
3) Fav e BRIl
S(org)w1= S(org).+ S(org)d. (6)

A Wdi—t B B K 3 BC R, mm; Ndi——
A B, kg/hm®; S(org)d. t BB AR
PR I, ke/hm .

1.4.4  Hbreas

PLANZE ) i (T4 5R) ~ 7K 43 R I 280%(W UE)
FRNERI B (FNUE) R H bR, =3 L 1R o #i i
REZK VAL PR S 55 B RUBE, H Fr e B

max T4 i
max WUE (6)
max FNUE

IR BRI (W UE M FNUE) SAk]
o€ SCA T FE A 3K 73 (%UIE) B AE = I 22 U e o
KT W AE AR 26 L 26 B AR I A, — AR ]
ZMEAETI IR HFERE W= ETo+ D, D EIK5)
% W.ET. M v H: & ) FAO HE ¥ W
Penman-Montheith 2y 30" $F 57 H 2 2% 45 43 78 7K ik
B ETo MR HEZ R EW A28 B ET,, K5 K
CERES BRI eh [l 2286 0 50k SO E 28K E, A A
0 T, WDl Ko e RECHR SE BRI E.
RO T K AN D -5 ) )y B
i3,

PS 123 FAY 1) H A A% L0 A A A KO R rp i
TrEYE— e I RS A, sk T
YIS BB o T AED A4 T 0 BT B9 b0 & [R) K 23 ey
B RE of (Water) FVEWHERE of (N) HIFBUKIE
e Rk, 35(6) IS

max Z [S(org): X ¢f (Water) X ¢f (N)]

L BETR Y
max W (7)

YL Y
N fen

max



%6 M

Wi BFASE: ST b0 ) AR GUREAUURE AR (1) 2 /N A2 1 i) K S A 4 57

XA S(org)— 55t M BOIE/K 2 FFEA A T 1%
WETWIH, kg Nyo— ZEIEH L, kg/hm®,

FEAEDAEACHIT Y, oh T8 8 Wl i (R 5243 )
W IAE AR A AE A& /N TF IR A 100 d L), H AR R L
HBEH B (7) P — DR B AR G, YT
YED i el ke 56, O FR EOE — € 1, BIAES) B 10 T4 it
W25 R RIEL, WSR2 5.
1.4.5 AR

R B A5 R 1 Fe DA J5U BN H b el B, SR

SHWQr 1, NQus1,S(org)is1) = max[vi( Wde, Ndy)
+ fr-o(WQr,NQw,S(org)r)] k= 1,2,--.T (8)

X Fo(WQke 1, NQuer, S(org) e 1) — 55 k BrBUIR
K WQu 1, N Qre1, S(org) w1 B, AT 46 55 1 et
it by o8 KA vi(Wdi, Ndi) Bk BCRE AR
W Qre 1, N Qie 1, S(org) we HURTE R Wdi, N di I X ABY
BB BOK i -
1.4.6  HIHFM

1) #IEEW BT LB A 20K E W Qi(mm) ;

2) ¥ & B Browl fit oy A MR O &
N Qi(kg/hm?);

3) WIUHHY B A/ N AR i (LA R 25 VR
A ) S (org) 1(kg/hm?) o
1.4.7 LR

T
Z Wdr é Wol
=1

’
| ;Nd;ﬂf\"()l (9)

0=Wd =< Wun
0= Ndi =< Nun

AR AR ) J v, e SRAR A A AT BRI
F—ERE P, VS FIRR O SOVF USRS  AE AT
SE, BECIEAT )RR, — KPR RE K S B R AE R W e
= 160 mm, BIHEK RVFRELES N 0~ 160 mm; —iK
PRI B B KA NV we = 220 kg/hm?, Jili B S ok o4k
40~ 220 kg/hm’.

2 '

DRI BEAE A AR MY K~ ] b oy J S vl 2R, — B
B2 0.3 hm* s 80 0 B0 L 0 B R b, 2%/ He -
TR P KRS SR T AN R K o0 (HERE L L
FKIBE) ~ A [) it FE K 1024 1 i F) 32 2 b B A
() 8 Aob i YT G, DUIYIAS B AN R K IR B 24 A
A AR AN = ZE AR S 5 1 AN TR

27 m’, 3 K.

S A . RH E 3/ R0 SR B . 1E 4 AL
T2 300 22 208 T A PR B RS A A IR o, I ey b 14
R AU L CA B AR 50r BELIR 52 v 5 s — 1K
I A B NG e F0RE R A7 S AT I . A& /N FE O
5316, #EM H W4 1999 4 10 J 9 H, 3k H % 2000
6 J 5 H, BN HURE A MR AR O 20 A%, BE T
VEY) = B AEF bR, T RR A, MY 25 R
A b, bk T AR, U IR B, 1R W A T 2 Al
lel.i, 16] .

TEAZSESH, A TF R T A G H K AT B 1k
BRI M A KBRS PS 123 [0 56 UF & N F W 9%, 45
FHOGISCEE RS DL, B AIE AR 1) 32 B2 S 44
() A VE WAH G SCHR[ 15] A 17] -

L 1997~ 1998 4 4 /N 22 FE /K R R A 1 4
e, 1999~ 2000 4 /NI R4 6 AN ER,
Sr AR - L - IR, R - IR, R - b
B, fiRE— W, MEH - R, 2% 18 ) 2K A B it 5
it () AT A PR, G TR e T R CHEAT ()4 B K
AR e /AN (Woaie = 20 mm, Nuwiw= 10 kg/hm’) o Ky
T AV SE R, 5w A U I A A R it A e 2 A S L
/N .

3 ZRE55

3.1 PS2KF

AHETR BT EHL 1999~ 2000 44 /N PS2 /K1
Kof AL EE: AbFE 1 AFE 2 FIALEE 3 435 4 00~ 05 Ab B
(B 78 A2, & T HE TR K, WO R R 5,40 ~
5.47 dS/m) ~00- 06 4k PE( it 75 42, 2B G B TR K )
F1 00— 08 Ab B (il I 78 A2, #E LG BB AK) T, VEA
(97K 20 5 B L2 1, K2R R L2k 2.,

1 2 W], ABIRUERAT 2 o6 AR EE 1.2.3 1)
ZEF R 11,8012, 6.10. 0 t/hm”, 1 T-4b 51 3 52
7K 3 lp JEAF A T E, G A O S A S AT K 4 R
FICE 434 1.7241.70.1. 88 kg/m’ o

KHIZ 3 Jron i 7 S0 REBEAL BEEAT 04K, ik 2
Al AL RS G = 52 12,5 t/hm®, K43 WriE R
BT 1, KM N 1,98 kg/m’. [A45E
WEZK 7 ZE A IR A PR EE, BE /K323 0 B A B 1 Fn A 2
2 WY T 18% M1 32% 5 K7y R % (W UE) EEX R Ak
HUL AT 2 43 5 15% 1 16% 5 5 SR A A B i 7K
R 3 2] 88% , (HZE 5 = & B i i AR BE 3, K
S R BRI AR 3 @i 5% « PRIk, TEi8 A R BT
7 R A PR R K 43 TR P 28003 1), DA TR e



58 Ak TR 27

2007 4

PO G0 AR TR 3 e AL B 0 45 L, I HLIRI Bk
BT R K H P, DIk, A g I A N
3.2 PS3KFE

A BRI HL 1999~ 2000 4 & /N4 PS3 K F 1y
Xt HALFE: AbEE 4 FIALEE S 4514 00~ 13 AbBE( MK
AE) T 00— 14 AbF(H ACHE) U, P40 1 A IR A L
4, K FIHSR WK 2.

AR AU 2 (10 B AR B 4 FARBE 5 (248 5
FHA ML 10. 0 t/hm® F1 9.5 t/hm?, 7K 20 R I 2 %A1

[, $) 41.67 kg/m’ (% 2), ZUEF %% 5 5 4 40
kg/kgH147.5 kg/kg o

K 5 Fios 7 XKML B AT Ak, di3k 2 wT
B, A S 255 58 10,6 t/hm?, EEXT R AL BE 4 F0
ReER 5 53 5 T 20 6% R 12% 5 ISR R J1. 89
kg/m’, B AL FE 4 A1 5 $2 00 T 13% ; SR 2%
M 50.5 kg/kg, LLAREE 4 FAREE 5 3 51425 T 26% Fil
6% , B4l AL AL Nl

Rz1 1999~ 2000 F & /FE L FRER LR

Table 1 Irrigation scenarios for the different treatments during 1999~ 2000 mm
Ab Ay 1999-11-16 1999-12-05 2000-03-31 2000-04-19 2000-05-10 it
AR 75 68 0 90 293
AbTE 2 75 68 60 90 353
AbFE 3 0 68 0 0 128
F2 PS2KFAPSIKTETHRIZKS TR E
Table 2 Water use efficiency( WUE) under PS2 and P33 level
b EEy ZRirr=ht/t o hm™ 2 ET./mm K Ar iR A /mm KAHFERE /mm WUE/kg* m™?
AbFE 11.8 511 174 685 1.72
AbF 2 12. 6 540 202 742 1.70
AbFE3 10 483 49 532 1. 88
PS2 KA 12.5 568 63 631 1.98
AbTE 4 10 490 108 598 1.67
AbFE S 9.5 454 114 568 1.67
PS3 K TLE 10.6 490 71 561 1. 89
F 3 1999~ 2000 hASME R ERA R
Table 3 Optimal irrigation scheme using the dynamic programming mm
Abrg 1999-10-09 1999-10-18 2000-03-12 2000-04-08 2000-04-23 2000-05-04 il
ik 0 0 0 100 0 140 240
FT4 1999~ 2000 F & /\ZEHE) LBRIKIEE TR
Table 4 Management scenarios for the different treatments during 1999~ 2000
Ak B R 1999-10-09 1999-12-15 2000-03-09 2000-04-12 2000-05-24 &l
Ah 4 7K/ mm 1 0 95 0 95 95 285
N kg hm™ ® 140 0 0 0 110 250
4hE S HEAK/mm 0 95 0 95 95 285
Jiti N JE/kg * hm™? 0 0 90 110 0 200
£S5 1999~ 2000 MR ERIKBRULERH R
Table 5 Optimal management of water and fertilizer using dynamic programming
WAk e 1p 1999-10-09 1999-10-18 2000-03-12 2000-04-08 2000-04-23 2000-05-04 &t
it 7K /mm 0 0 0 120 120 20 260
N JE/kg « hm™ 2 30 0 20 80 80 0 210
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Optimal management of water and nitrogen for winter wheat based

on simulation model in soil-plant system in agricultural field
Chen Yan, Hu Kelin, Feng Ling, Li Baoguo™

(College of Resources and Environmental Sciences, China A gricultural University, Beijing 100094, China)

Abstract: The paper introduced the development of a process model that used for water and nutrients management
in soil-plant system by integrating the crop growth module in PS123 model and the soil water and nitrogen dynam-
ic process module. The growth season of winter wheat was divided into six stages, taking the total amounts of
irrigation and nitrogen application as the decision variables, the biomass of winter wheat, water and nitrogen use
efficiency (WUE) were selected as the optimal objectives, then a multiple-object dynamic programming decision
model was developed based on the process model in soil-plant system. The decision model was employed to
optimize the management scenarios of irrigation and nitrogen application for winter wheat. Through calculating
the crop water and nitrogen stress index, the optimal time and amount of water and nitrogen management were
obtained. T he results indicated that the irrication amount had a 25% reduction on the average compared with the
control, and the WUE increased by 12% compared with the average of control treatment under the condition of
water stress(PS2 level), while under the condition of water and nitrogen stress(PS3 level), the irrigation amount
had a 12% reduction on the average compared with control, and water and nitrogen use efficiency had a 13% and
16% increase compared with controls, respectively.

Key words: crop growth model; dynamic programming; optimal management; winter wheat



