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()1 Y AR A R S TV O, AR T S92 1 sl
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PIE RS 5 I B R, U R & 1 Ak
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P T — P S R NS TR 5L (ADCQGAD .
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TN o BT S5O 6 03 U 1 A S R B
(ADCQGA-PPC) 77 HEMEVFAN BB by st B2
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K, Pla) NET RO o, WIEBMERM, k=12,

4) FEHTEEMHRE X 53 F B BT R e FIEFEME R P,
HATBE P HES o ATRT 10 AN IR SO0 R = i - Y R gt
NFTFHE Xors MEFEMER R T2 —BEH P 1 A5
T YNNI Xews 7E (0, /2D TPREHLER m A
FERECH I (n=10-h) DNEFYEMREAF IR Koo

5) WFZAACMEE X, TSR T Y O AR UEAT
DCQGA Sy it~y it 1) K S B AR, AR AR 57k
& p, it Hadamard |28 2 #E4F.

6) HBELIRR R F(a) X Z AP RE X, HEAT 18 Y
FEAH VR, SR AR R AR IS Y A, S Y
WAL g e Ak

7D ARA 4w iR A A R s ] R 2R E
TR X @) T T BT P OART E AR 0, 4T
FEAEHET KB RAE Ojmax TR ME Ojjnine J T HE—30
PERT A RIS S, Y |6’,ijax =0, in| <107 FRIIR
{5, WE A 0, MR IX A HHTE N (0, n/2) .

&) MHiaAT, WAIEAC: R R SIS AL
I8 B K BRI I B2k, A WAL A0 R0 s 4 454 5 1
wARA 0y B Z AL Ojins Oymax) 1A HTE T
P ARBIBILRAR A ], BENL= MR v« B ECh
m WHMEE X(a), JFEmAZE2) .

RS W SRAFEAEBE T M o HUE RN,
A LIS BFR bR o1 R BB RE FE I D, e FRAK (3D,
T EEFEARMMBGEE 27 (1), #4% 27 (i) (EA KB/
J¥s AT DL A AL 2095 HEATHEE o
2 NAB

2.1 REXBOR ST

2008~2009 FAE LRI A KRB 2ER T L 25 G il
Fefh (45°43'09"N, 126°36'35"E) [ &N 2 My AT 3k
AT R 7 R R I 7T . AR IR X 2 47 134 il
3.1°C, TN 130~140 d, Z4E TN 28 619 mm,
7~9 Ak &S 2ER 70%, Z2HEFRERE
727 mm, bHEEH L. IR N JCER
BN 154.4 mg/kg, P,Os &5 40h 40.1 mg/kg, K,0
JE 40N 376.8 mg/kg, pH N 7.27. 1 m LJ2NIHF
B KA 28.4%F1 HHEARUT BN 1.22 g/lem’.

RIGTE 5 HYITTR AR 9 AR Bk k4 £k
AN S 5o RAMGNE, WENEEAK, HMBETEK
A, FINAE 50 cm, WRJE 95 em, )E (BF)ZE IR
B 10 em) [FIEJGUR 4=, 0 £ - 38R 0 5 (R Hb D 55
R 1 AR K . IR IEACHET Ly2T), BKEE
3K T B T — T RO — dh e
HESH— RN RS BB B K T I, I

(13

AR K2 Cly HTRRE K =1 EH 380 8 50%~60%,
AR T I BRI, RS KRN 70%~90%,
8 AR T A, FEAKEE 3 IRER (WE 1) . &
B G FFUR7K 3 Ab 21, L A RERR O S v e K
K, FKEPATEM E TR R AR, B 1 KRR
B, FEROIIEREEE ) 0.05 kgo 24840 H 3 A x5
IKEFAL T B 35 T BR AP, F SN 72 ik 2187
P BB, e sk A I A O K

£1 ASERRBLEEE

Table 1 Irrigation schedule for regulated deficit irrigation of maize

. i AT il 3
A=
(06-14—06-30)  (07-01—07-21)  (07-22—08-20)
1 KKK R g PR
2 KKZ G g IEH
3 KZK G I PR
4 KzzZ G IEH IEH
5 ZKK EH PR PR
6 ZKZ EH PR EH
7 77K EH 1E%H R
8 777 EW B L

e ‘K7 RoRPEETK, “Z27 FORIEFEHER. TR ERRERAEFHN
BESIATAHE K & s P B 5 I A S K 50%~60%;  1E I 144t
XFEIKER 10%~90%: Hty -7 #ET-k&xA-H.

2.2 ADCQGA-PPC ##! ]

e T HEW T EVEN Hiebs b, @B s AUK
SRR (water use efficiency, WUE) AWK
REIZ LN E . PR AT & A E ) A B AR AL T RE
WEIEEbR, WK T HRED L EE . MR 5
Wi PRI AR o 7R B B S WP AR R, RN i =
HIFRRRZ — o FEARWERE S iR 5 BE LT 1K S 75 77 AR B
R, REARBLAEE A K MR . WAL s
Pire&. WUE. e, e, ghiii=s. BR% 6
ANVEO PR 0T 8 AN HEBE AL EE 7 AT LR B e bn HE T
BRI AWK 2, Fabs P BRFIE N BN, Ha
FRFRYNOCGERAL . MRYER 2 b BB 7 il g v BT
I s B A HAL 5 R ADCQGA-PPC #
TR RV 15 BB B8 DCQGA-PPC #
R, BRI FEAREAT T AL A3 . SR MATLAB7.0
i FEALFE, ADCQGA-PPC 5 ADCQGA-PPC [FAR 7 4 .
FHRERURE n=100, 147 m=9, LFHE P=0.01, &5
W% P,=0.05, ¥ f120 KAIME 0,=0.05r, PR A8EL Lpa=20.
BRI BENLE P, PRI 10
W, pegt Fou th ik 3.

HH 3 WA, 78 10 iy, fEgs @ ik AR
%1k 20 5L F, ADCQGA-PPC B 1545 () el
PR . T RREAE ) 0.5643. 0.5594, BHE KT
DCQGA-PPC R A3 H ¥ f A B AU 0.5159 13 iR
BAE 04812, B ADCQGA-PPC i Y ) Ji & 1L T
DCQGA-PPC %, ADCQGA-PPC Fi#Y [ V- 1) 1 531 1]
H 4.68s, BE/INT DCQGA-PPC Fi%Y f(~F 14 14 Ik 1]
5.96's, ¥l ADCQGA-PPC KA HAT B AR AL R 5
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Al W ADCQGA-PPC #i Y [y 4 4k 1 A BH W Hb AR T
DCQGA-PPC #i#, R WIASCHE ) ADCQGA-PPC 5 #Y
B4 . ADCQGA-PPC FiAILE 10 RS2 75
BOAHEIERM N 05643, mAEHE W o=
(0.6540,0.1475,0.4983,0.5617,0.2477,0.1538) W& 4, %
BV IR 27 (1) WK 5.

2 ATRIASERLETITM R
Table 2 Evaluation indexes of different deficit irrigation
treatments

SRR R AR RT R

RR

e IE /g WUE/(kgm®) /g Pifi/em ﬁ*%)ﬁ% /cm
1 KKK 246 2.07 490 2200 3833 33
2 KKZ 287 221 680 2242 4327 25
3 KZK 291 222 620 2392 4050 49
4 K7z 333 236 84.0 2505  42.08 3.8
5 ZKK 267 2.13 53.7 2277 38.01 39
6 ZKZ 311 221 86.3 2333 4650 2.1
7 77K 294 2.18 58.0 243.0 3970 54
8 777 313 213 780 2546  38.17 1.2

RT3 MULERMEE (10 %3238)

Table 3 Comparison of optimization results (10 experiments)

e e it Ik TR PR
A% At ik At If)/s
DCQGA-PPC 20 05159 04352 04812 5.96
ADCQGA-PPC 20 0.5643  0.5473 0.5594 4.68

F4 BERTHE
Table 4 The optimal projection direction

Bowats B 7 10 (143 (e
L7 0.6540
K53 FIH &% WUE 0.1475
i 0.4983
B 0.5617
TR R 0.2477
TR 0.1538

x5 AEASERGEMIRFE

Table 5 Projection values of different deficit irrigation treatments

ealieg Ak 3 PULAE
1 KzZzZ 1.9416
2 ZKZ 1.6426
3 777 1.6418
4 KZK 0.9909
5 KKZ 0.9611
6 ZZK 0.9597
7 ZKK 0.4311
8 KKK 0.0863
B EE AT BOE AR BN -

2.1 BELFMEE RS

B BERE T 1) o0 AR K KN IR T PP Fie bs o6t
W7 HEBE LR G VRN DT I N RGE IR B, R R 4
H ADCQGA-PPC BRI o i ULE H: kg
PRP7 SR AR VPN 25 SR s Bk, LR Bk AT
T PR . U, WUE. X 5105 #El v =AY
PR CCEEMR T K R HRCR . RIEHEY A

AL BB SR R 5 B S B VN 87
K. R E RS TR IUASBEMTS, Bf
SEfRE Yo

ANFE 5 REM T R B YRy . KZZ>ZKZ>7Z77>
KZK>KKZ>ZZK>ZKK>KKK .

FERALF M BT KB, KZZ >ZKZ>7Z7K, £W]
AT A 75 W BB 7K 23 A6 55 3 5 E R 7 8 AR 25 A A W
WS, MEEK D 7 6o EREGEA fabrg iR ok, X
5 b e T K T A SR L K 4 i bR A SRR
Hrs PR FOKRE TR KR, XK o5 s
U, AR IBUBPEAR TR 1 K o T e K
CEA RPN, TS K LR T K BT K
FEE RS T T1%HM 13.2%, KRR Bt w
T 6.8%K1 8.3%; 7K 43 WHE X T K 5% M e R 2/ IR
othE. BT .

EWAN LT BT Kb F, KZK>KKZ>ZKK, %
SEPANEH B BOK 27 B BOKRZE A PR bR S K T AN
AR E B I BUK 58, R AEE W BUESK 3 b
JEAE FOR B ARG P2 A I AMEE RN /s, 6 TR A B A K i
BRI R R Rl S 5 K I oK A PR bR A
EACT W, /T K, RHAEETNBOESIKY
T, AT RORIK A BRI AR (R S B K

HR 5 241 7 HEWE AL BE 2545 DEAN R P S 1 nT LA HA
WITh 5 7 % KZZ W BAR T 3 ARG W38 15 s
% 7277, VR AEEBOR T s A W B
TN TR KZZ 755 277 J5 Wi s, i
TR SR R T 6.4%. AR RIS R T 10.8%.
FRERN . TN, ZKZ 7R 2727 J7 ]
A, BRI IR T B P R T 1.0%. (HJE KA
FIFCRIER T 4.0% FRm/N BRI R
B UEEHZK A 7 BRI AS B PR, W S S
NHF R KK BN B, e A2, A fr=
HIERGE R, XHEYIEATIE A T8k, R R,
DT B AE kb b 5 N 540 0GR, BEnAR i g
TG EREST, BT BRI K R ZCRAE

3 & it

1) ASCHEH T — PP et 6 i O B 1 s
B R (ADCQGA-PPC) , iz I F5
FRECHR AL A, e AR T e G N Ky IR R T3,
SUR Y S ANIE R e o N S N el T I i W =R e
ADCQGA-PPC # B 5 - A [ vh B &, ORE
TR ZEENE, MR b E T 4 R S AR
ADCQGA-PPC i v 545 1) B O bR BB 138 R 2K
fH 53904 0.5643 0.5594, B E KT X5k 1w A% 5k
5% TR (DCQGA-PPC) 515 H 1 e A B8 %
1l 0.5159. P14 %M 0.4812; ADCQGA-PPC # Y f1]
SERJTHERT R Y 4.6855 s, #/NT DCQGA-PPC #5i7
M U] 5.9667 s, Ui Bl ADCQGA-PPC L 7E
Jot s AR 7 1 AR v B B LA T DCQGA-PPC
A

2) ADCQGA-PPC AR 75 BEME 7 ZE VP v ()
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Comprehensive evaluation of regulated deficit irrigation using projection
pursuit model based on improved double chains
quantum genetic algorithm

Wang Bai'? ,Zhang Zhongxue'*,Li Fanghua?Sun Yanling? Ding Hong?
(1. College of Water Conservancy and Architecture, Northeast Agricultural University, Harbin 150030, China; 2. Heilongjiang Water
Conservancy Institute, Harbin 150080, China)

Abstract: Due to the incompatibility of irrigation results for single evaluation index and difficulty in evaluating the
comprehensive benefit objectively during the process of optimization choice of irrigation schemes, the project pursuit
model based on improved double chains quantum genetic algorithm was proposed and applied to the comprehensive
evaluation of regulated deficit irrigation. Double chains quantum genetic algorithm was introduced to optimize the
projection index function and seek the optimum projection vector, and it was improved by selecting out quantum
chromosomes in the search space through the vector distance concentration, gradually optimizing and compressing the
search space during the process of evolution. The improved projection pursuit model was applied to comprehensively
evaluate deficit irrigation schemes for maize. The results showed that maintaining the level of water deficit 50%-60% of
the field capacity at the seedling stage of maize was the best irrigation scheme. Compared with the normal irrigation
treatment, the yield was increased by 6.4% and the water use efficiency was increased by 10.8%. Both the global search
capability and optimization efficiency of the improved projection pursuit model were significantly improved.

Key words: irrigation, model, algorithm, real coding, quantum genetic algorithm, projection pursuit, regulated deficit
irrigation



