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Studies on design methods for winter wheat optimal population
based on model of grain yield formation process

ZHANG Zhu-gin , ZHOU Shun-li , QIAO Jia ., ZHAO Jiao, LIAO Shu-hua”

(Key Laboratory of Crop Cultivation and Farming System, Ministry of Agriculture/

College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract The processes of crop population growth and dry matter accumulation in crop production are important. Crop
yield and yield traits are closely related to dry matter accumulation. To design optimal population of winter wheat, the
model of yield formation need to be further studied. The test method is based on a combination of uniform design and
cultivation optimization with dynamic approach. The relations of dry matter accumulation and grain yield traits were
completely analyzed at different growth stages of winter wheat. Using the method of combining stepwise regression and
experiential judgement, the constructing process of yield formation model about winter wheat which was based on dry
matter accumulation was discussed. According to non-linear optimization theory, the method of optimal population
design aiming at yield was proposed. Using the experimental data of Shijiazhuang 8 from 2007-10 to 2009-06 in Wugiao,
the following results were gained: Multiple correlation coefficients of yield formation model ranged from 0.92 — 0. 97.
Through the optimal population design the optimal yield target of 9 165. 00 kg/hm? and relevant dynamic population
indicators were obtained. The results showed that the method of population design proposed could meet the needs of
production decision. So the methods of experimental design were efficient.
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1 #MREFE

1.1 #RRIRKIEET

I T 2007-10—2009-06 7E 0] 4k 45 i N 17 =
PR 56 05 AT I R T R S IR 2 e 1 3h 2
WG BT B AL B RL Y A 3 O 35T Cuniform
experimental design) Jy FEfill . 415 4 4 11 & & i A2
I3 W BEIE AT A Bt 9T 5 20 Hh i K 0 Ak AR B
ARG G A B A T . SR 1R
JE 8 52 4R 3K 56 10 5 Al by I a2 B0HE R - 2007
L% 0.62 g/kg, AHLIL 7.6 g/kg, SALHE 11. 34
mg/ kg, HAH 121. 32 mg/kg; 2008 4F: £ % 0. 51
g/kg, AU 4. 8 g/kg. MR 6. 45 mg/ kg, HALHf
108. 17 mg/kg.,

2007—2008 4EIR 50 1) R G LT EAF

RBREE N 5 A4, Bk, &, B #04E R
CERE, H£HEER S KF, ALK RE 5 K
i . FRBUR LSS AR — ke A, BRIEH]
it 30 kg/hm® 5 3 d AR A= 7 S BRI R R 50Ok
E. NXKHEA R 56 m*, FAHAKEL, 12
ARK (D,

F£1 2007—2008 £ 2 ANMNRHENERBRHR
Table 1 Test scheme of winter wheat in 2007 —2008 for 12 blots

NS

1 2 3 4 5 6 7 8 9 10 C O
FEAH /(10" /hm?) 225 225 375 375 450 450 600 600 750 750 600 600
JE AL/ (kg/hm?*) 75 150 300 75 225 300 0 150 225 345 300
JEAIE K, O /(kg/hm?®) 135 225 45 180 270 45 180 270 135 225 150 225
FERIK K/ (m® /hm®) 450 750 300 750 300 600 0 600 0 450 750 750
JEBENE P, O; /(kg/hm?) 300 240 180 120 60 300 240 180 120 60 345 240
HEHENE N /(kg/hm?) 60 120 30 120 30 90 0 90 0 60 225 0
HE K/ (m® /hm*) 600 300 750 450 0 750 450 0 600 300 750 750
WA K/ (m® /hm?®) 600 450 0 750 600 300 0 750 450 300 0 0

T8 C R ge i 7 45 B 5 %6, O R AW R B H 5 4.

2008—2009 41X B 2R G 5Lt J7 AN
B PR 5 A BIK S BB G LE 6 0 Rk
HOERD W AEHFRR S KF. AR BE 5 K

5 0 LB AR IE 45 A L — PR A L B A R
30 kg/hm? ; 3 1 MR A5 7 52 B A1 A if RS AR A 5E
AN 52 m* .3 WE AL 3L 34 /X (R 2).
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Table 2 Test scheme of winter wheat in 2008—2009 for 12 blots
N X

1 2 3 4 5 6 7 8 9 10 C ¢}
F& 1 (2008-10) 8 8 12 12 16 16 20 20 24 24 12 12
A /(10" /hm?) 525 413 750 300 413 638 750 300 525 638 525 525
JREN/ (kg/hm*) 60 180 0 120 240 0 120 240 60 180 90 158
BRI H K/ (m?® /hm®) 450 750 300 750 300 600 450 600 450 450 750 750
JE B H 16:8 8:8 0:8 8:0 0:0 16:8 8:8 0:8 8:0 0:0 8:0 12:8
B A N/ (kg/hm”) 60 120 30 120 30 90 0 90 0 60 225 0
# B K/ (m® /hm*) 360 120 480 240 0 480 90 0 360 120 750 750
FE A FN K H H1(2009-05) 7 13 4 13 4 10 1 10 1 7 — —
FEA K /(m® /hm?) 360 120 480 240 0 480 240 0 360 120 750 750
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1) 2 i 22500 H AR B0 15
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0.173 8 V, —0.000 95 W?

(R=0.947 9,F =70.940 7,0 = 1.9 X 107",
n = 37, Std. Error = 5. 10) (2)
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Table 3 The results of paired-samples t-test between predicted value and measured value

i 2R/ AT/ A AREL/ . i/

(10" /hm?*) (10" /hm?*) (10" /hm?) W (kg/hm?)
S o S Tt S AE T {4 S T {4 2 4 T
616. 50 594. 00 1 785.00 2 115. 60 472. 50 596. 40 33 27.95 7 061.10 9 808. 50

1 183.50 1 335.30 2 613. 30 2 080. 50 474,00 590. 85 25 29. 65 10 184. 70 6 524. 40

1716.75 1 736.55 2 175.00 1 853. 10 814.95 708. 60 29 26.03 8 388. 90 8 066. 70

1 196. 40 1217.25 2 043. 30 1712.70 20 26. 37 5 091. 60 8 599. 20

715.05 710. 10 1 900. 05 1 556. 25 23 26.08 4 980. 90 8 381.70
a=0. 344 a=0.180 a=0.614 a=0.613 a=0.459

T o Fm B E R,

ERWUE . A BRI 5K « [E KT
0. 05, | R Xof it ~7 A A B4k 1) 405 45 2R 5 0
EAEGE T L B Ik 3 25 25 57 BB 2 A %0
89 o 56 B 7 [ 05 DY) IXC ) pA A 2R s e 1 2t R )
TP RRE AL | [l PR ) DL A /N2 i B oA R
8 S HIHE IR R K,
2.2 ZNEBEHTEGRRLECTRENHE
R BTN B A Oy A PR AL AR 5 A Pk
LA FR 3 AR — g 2T AR
Max f(x)
g:(x) =>0,i=1,2,....m
s. t. (7)
hi(x) =0,5=1,2,...,1
Hrp xe R f() g HER R g (o) s hy (o) LR
BRI G5B/ NEERKE A BHR S B TE AR L X
RCR AR A S R AR
DL B = 0 o 1 Ok A A0 Oy SR L A 7Y LA
FRARAE N B A bR S AR AR 2548 b 4 S v ) 722
TG VTR Y b i o 24 2% A AT A 43 2R LA
DEESE
D) T4 5t AR R A8 i 5 A il 2R 500 B 22 E B
HEETHAR S/ R AW X R R 2 2 55
HAH, 132 3 (DGR B T BER %
TR JEAS O R AT
YA R A A X E B AR

G FRE A TSR W4T S AR IR A AR 1R
WA AN AR L TR AN 295
V, =516, V, =4 &
DA AT YRR EACRY
IR S ) 2 R AT B B T 4 o AR R Y B A G R
. ELAR S B0 AR 4 2 1 0 AE 7 B AR 45 40 1 a2
ML A SO 25 B L 2R
AU, =W, =0.6U,, 6.5W, =W, =2W,,
3.5W, =W, = 1.8W,2. 11W, =W, > 1.2W,,
1.86W, =W, = 1.02W,,1. 02W; =W, = 1. TW,;
€))
OV A KRR, AR A& B9
FUBAR B K/ B AR R YA FP ) B SR & 1
A 0 AR B S B B B o AR SR T AR X L R A
FHE 8 S LE R, M B AR KRN
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P R A Microsoft Excel 2003 1 “#0 Xl 3K 7”1
REHEAT 2007 . 45 1 B AR sR B S UL (B Y5 =9 165. 00

kg/hm? . YIS A2 7 [ Bo 9 o AR 3R 4 A KR
RRESR I 4.

R4 OERESSELEEMRBEERENE

Table 4 Optimal population indexes for Shijiazhuang 8 in each growth stage

G ig ] TR SR b7 LA (: N T ¥ &/ (kg/hm*)
i JEA /(10" /hm?) 322.65 —

2 i AHT 2%/ (10" /hm?) 1 350. 00 1078.95
P 4 P ZE%/ (10" /hm?) 2 376.00 4 228.95

by Aol A R/ (10" /hm?) 638. 55 8 878.95
5 10 d 10 828. 95
1EJ5 20 d TR £ 29. 00 13 828.95
Wk 7/ (kg/hm®) 9 165. 00 16 078. 95

3 3 8

D ARG H 52 B ff PR 77 Yok ih i & /N2
B A T IR) L, Shy b B2 BF 50 R OG5S 780 A 2 SELARL
Tk, AR AN U L i R DA ]
50 HRCHE AR AR g Sy B S 2 AT R R AR AR R T Y
A F R AR . ARSI 5T LA [R5 R
TG R AT BT T & /N 7 iR T it
P BE T W0 o SR 7 5 B B R AT T R G
Br o3 B B g r T ABEVRCIR 48 b5 S H br A8 it i ™
Y RS AR KA S R B A B T 0.9 LU
b i)E S FE T AR AL BAS 0 5T T LA IR T R
R Shy SE Ak i BEAR A A T 5 3, A5 0 AR SR 38 A5 1
TR H AR R DL B B A AR 25 R A
FEA&/NER AR, R BB LIS 40 i
R S R e (e Y LTINS S R
K B TEAR = B RS B RGE . BSR4 R
SETE— I A A Y R — RO
A 24 1 19 A= 7 45 A 0 20 o 6 &R 29 M 2 Bl
VEARR R . SR A 77 S R T AR BUAE Y it R
L AR T PR S B0 A R S AN I 5 2B 7 S A D
D5 ZK 1 BRZ B0 VA 9 5 e 3 Al X A
F AR FIWT . SRS [ RO W] LR A AR SO ik
D5 WL E A AT A R bR SRR R AR
2 i BRI PR R B A . AT ST AR AR A S
B KSR 9 165, 00 kg/hm?, 4% H
Fr R Max Y 2 Min(Ys — Y, )2, W] F1) % 3 #5
RUAT LA 45 2 7 1 KOF Yo (Y, <9 165 kg/hm®)

O TR A R o A5 TR0 AT AR 5 A2 77 2% 1 B oxl 7™ i i L
SRBET H A B R 1A 4 A o 55 K2 il B 52 B A 7 K
SRR BT R EOK

D) HLFESFFEA R AR HR A 7k B A
AT 2 A5 — e Ak IEBIR AT T &/
Ze AN A B B T 4 OB R 7 R R AR
19 B 50 RN s R R DL R ST R R R
[F] — fl ST 5+ W] T 4 2 TR L A R
ZEE TR A B SR Xk A [ A e KO 2 ) R
6%« SBE T3 AL 7= BOR 5 A XA RO R (D Y
SRCEATIBIE . AT P48 i B AR B R AR D ik )
P T A /N2 b

3)FE/INFE My P AR Ry R AU /N A A
K Bt il — AR R BN & B AR S5 1 A it
56 2 NN TR A B Y A A e G Ak Tk A T
T RPREPRAE AR 1 5 B P 3 A At R B 4 B
RURSCRF o AR B A B9 R TR AR ) 7 B H AR Y
A4k - mT LA DAy il A A HE T 58 0 A A » 1) el LA
R 2% B B A= P 1 25K SRS Bl 3t A it I R %
A B Bt T (4 Ho 1 B ple S i ey 0 R O R A
g .

4 & it

AT FE AR AR BT 5 1 ) L AR ™ bk
RO BT R B BT 2 T i g T A
RZ AL BD HORE R . AT IE R 2 4 5] JH A
S0 P B IS 5 1 05 vk 8 AP ] S 2 TR R R
BYRY AT ROT 15 R Ml 3 k47 40 531 4 46 7 245 4



%6l

ATE G A/NE TR A B A R A B Uy i 19

oA, R — R (A R R 8 SO . B A
BU] T4 5% i R 7R A A ) BOR 2608 T A9 A8 B
PSR o XA [ fh A 5 AR AS BT S T3k EORT B E A
KRS, AT T7 5 - AT T 20 A H A A
Py AR BT 1] AL

AR5k G Rk A T ER & 4 @ K b
FoaKs sh S

2 % X #

(1] #H6 P FFBE AE RIS B M. et dh E &0l
Ji& 4t ,2000:71-72

(2] Xgktfy, & TLE B T, 5. /NEW A ™ 5 Rk
ARA [T ], 22 RAEW) 44k . 200,21(3) :26-31

(3] Bife.skarv, Jrif. /D2 K& 2 S8R A1 4 26 B
FELI A E A TR - 1995,16(1) < 1-4

(4] R ERZ 2R 5. /NER T BB AE T
WEFE)]. fE 20 . 1997, 23(4) 1 418-424

[5] Ritchie J T, Otter S. Description and performance of
CERES-Wheat:a user-oriented wheat yield model[ C ]
// ARS Wheat Yield Project. ARS-38. Natl Tech Info
Serv, Missouri: Springfield,1985:159-175

[6] Hunt L A,Pararajasingham S. CROPSIM-WHEAT: A
model describing the growth and development of wheat
[J].Can J Plant Sci,1995,75:619-632

(7] K& EELL IR, ARSI ARTE /N 2 Mt
oz A i WF 7 LT 0. of [ ek B 2%, 2003, 36 (3) « 342-
348

(8] ERGA A=A /NE T i AR R 5 kL TR 11 F 5%
L] A p el K2F27 4%, 1987,6(3) : 215-216

(9] RBIF 308 JUF 55, /ANE AR = iR T 9 i

AR 22 S 0P L) ] K ER 2 B 24 4l 2004, 11 (3)

10-15

RN w3, mE % ANE e IE B T ¥R

PR [T]. A4 ,1997.23(3) :64-74

(110 A FH3E DRV X SR A6 4/ 7 5 T8 B 40458 704
LI AW =) ,2006,32(2) : 260-266

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

FHEAE, B VK A ENE 5. B oK™ B RO 5458 A
WEoET]. fedt e &4t . 2004,19(3) . 73-76

T E8 2 RE, % TR BB ARG PR W AR
A KR SR B LT VU Al 2 4, 2008, 21(5) 1 1226-
1230

MR B SCTC, ZEF T, SO A K R 4R R it
9T AR SR 5 4 e R v LD ). A 4 A 3R 2, 2006,
22(2):185-190

Vs KM VNS A SR A ER S T 9 iR &
13 A BLBIRILT ] /EY) %441k . 2007,33(2) : 189-195
REEHGBRT. G505 SEEE RS ES5TY
TR E R BB 5T (1], 1R 8 2 4R 2007, 33 (10) ¢
1682-1687

R H TR AR 5. NE B AR R IR RO
st ol 3 4 4 ) 2 R RS [T 0. I AR S A 4R L 2004,
15(2):231-236

R TR, TR S5, /N FRE B A R AL R
SRt 5 S LT, e o ARk K 2 2 i, 2002, 25
(3):12-16

WA NEA RGN IM Jat etk K%
HRRRE . 1994 :32-33

BN R RIR 2. &N A R Eh A e Rk iR
T B FL I 8 e SR RE TR B 5 ()] o [ Rl R 2 2 i
2006,11(6) :34-40

5 FAE Bs e 5 ¥ sk R IM. db Rt AL R
#,1994

AR, AR OB AR /N AKIE B ROR) Ak
FARJFEIELM. b5t . v Rl KA A, 2000
TR AE RS & IM. b at: o B Rl iR
#,2003:35-45
HEl.ZRE. 5 X LNERF . FES
PR RO T BHE S8, 1993.5(4) : 24
DR, BEF SRS M. LR G5 ERF
AR AL 199887103

ZRBE Tl B 2 LT AL /INFE A T 1R TR AR 0 B
TIREZE L) ], Ptk 2= 42, 2008, 17(2) : 86-89

FEREHE TR WA /N FE 7 A R R T e R R T 5
(J]. 22 24E9 . 1997.,17(3) :33-35



