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Design method of optimizing winter wheat
population character parameters
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Abstract To study the method of building a reasonable population structure in winter wheat production, field
experiments were designed to obtain different wheat populations in winter wheat growing seasons from 2009 to 2011,
2012 to 2013. The relationship between winter wheat yield and population dynamic change characteristics was
analyzed,and design method of winter wheat population parameters was established. The grain yield of winter wheat
was closely related to characteristic parameters such as dry matter maximum accumulation rate, inflection points in the
curve for dry matter accumulation rate in grain filling stage and leaf area index (LAIl) character parameters. Paired-
sample t-test was used to validate the model established, and no significant difference was observed between the
simulated and observed values. In the process of parameter design, the constraint conditions were constituted by the
reasonable scope of dry matter accumulation and LAl in different growing periods, parameters range and yield formation
model. The method is flexible and can quantitatively describe the dynamic process of population growth. It can provide a
theoretical guidance for the population building in production management.
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1 #MREFE

1.1 RIigit

ABFFE AT 3 A H B A A ) AR
TA/NE R A KA R S R Y R S R
A A O R AR PR SRR
1.1.1 WX it

KK T F 2009 4F 10 A 11 H—2010 4E 6 J 16
H AE b A IR0 o A7 . B8R 2 RS Rl 55 0 A
L 16. 07 g/kg. A& 1. 10 g/kg. #  # 33. 20
mg/kg FIHZH 142. 75 mg/kg. G A4 15,
FEFPATEE R 0. 2 m, BEHEAS T K VA B FIHR 5 il
KR FE AR R 5 K, IS ikt o
SRl A RTE ] U (57) B A1t 26 11 fT A
W Uy (52) 5] e it 36 AR 4 & /N A 7 48 LY
By Bk, 4 A B RDBEAR KN, 5 s A8 K IE 25,
iz 51 b DR R AR 11 F0 12 o 2 A% IR,
12 M GED B3 KREER.

1 KB TAEHS

Table 1 Treatments designed in experiment |
b 3 FEATF /(10" /hm?) i B & / (kg/hm?) Fertilizers applied HEIE/(m® /hm?) Irrigation
Treatment Basic seedling number N P, O, K,O AW Jointing FFAEW Anthesis
Al 150 45460 90 180 360 240
A2 150 135+30 180 135 480 120
A3 225 04120 45 90 120 480
A4 225 90+30 180 45 0 120
A5 300 180490 45 0 480 360
A6 300 0+120 135 180 240 480
A7 375 90+0 0 135 240 0
A8 375 180+90 135 90 0 360
A9 450 45460 0 45 120 240
Al0 450 13540 90 0 360 0
All 300 831138 83 75 750 750
Al2 300 83+104 83 113 750 750

T NI A T A S I FE 4435 JIE . P2 Os # K O 4 3 FHAE IR AL .

Note: Nitrogen fertilizers include basal and topdressed fertilizers. Phosphate and potassium fertilizers are all applied as basal fertilizers.

5 11 F 2010 4£ 10 A 14 H—2011 46 A 15
H 7EAH [ 3 A Ta) B B it A7, - e 2 5 A BL
11.43 g/kg . 2% 1. 04 g/kg. HEEHE 33. 20 mg/kg

FIEE R 128, 48 mg/kg. dh A £ 2 15,608 11
BT A S T AR . (E 45 D 3R A0 BB s A AN ]
12 AN GGE 2) b EE 3 IRE R
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Table 2 Treatments designed in experiment |]

b LA/ BN/ (kg /hm?®) WEBE/ (m® /hm?)
Treatment (plant/m?) Fertilization Irrigation

Basic seedling NO® P, 02 K,0? AT RO Ak

number Pre-wintering Regreening-jointing Anthesis
Bl 300 45460 90 180 450 750€03/31) 600
B2 300 135430 180 135 600 750€03/19) 900
B3 375 0+120 45 90 900 750(04/06) 750
B4 375 90-+30 180 45 300 750(03/25) 450
B5 450 180490 45 0 450 750(03/13) 0
B6 450 0-+120 135 180 750 750(04/06) 450
B7 525 90+0 0 135 900 750(03/25) 900
B8 525 180490 135 90 300 750€03/13) 750
B9 600 45460 0 45 600 750(03/31) 0
B10 600 135+0 90 0 750 750(03/19) 600
Bl1 450 834104 83 113 750 750(04/06) 750
B12 450 8340 83 75 750 750(04/06) 750

QR 438 8, %I A9 36 A i (] SR -4k GBI SN2 . QIRIE, O S NEFRRFEKAMI /A, & 3FH,
Note:Dbasal plus top-dressing, N is top-dressed together with irrigation at regreening to jointing stage. @ basal fertilizers. @ numbers in

brackets represent irrigation dates,m/d. The same as table 3.

R MF 201248 10 A 18 H—2013 4E 6 A 15 mg/kg FIH AP 152. 60 mg/kg., B I %317k
H 76 A0 Rl b sSOAS Ta) B b A7 . B2 LRl 3740 A 55 THF B8 RNENEERE AR, L 12
HHLIE 8. 21 g/kg. &% 1. 30 g/kg. s 2 B 26. 53 PR 3D EANLE 3 IRER .,

x®3 KBNLEBES

Table 3 Treatments designed in experiment [[|

fb HAH / (plant/m?®) Jiti A / (kg/hm?®) Fertilizers applied HEWE/ (m® /hm?®) Trrigation
Treatment Basic seedling N® P,0O% K, 0% IR © JFAE
number Regreening-jointing Anthesis
C1 300 45+120 90 180 750€03/21) 450
C2 300 135460 180 135 750004/02) 750
C3 375 0-+30 45 90 750(03/15) 600
C4 375 90+30 180 45 750(04/08) 900
Ch5 450 1804120 45 0 750€03/27) 0
C6 450 0+0 135 180 750€03/27) 900
C7 525 90490 0 135 750(04/08) 450
C8 525 180+90 135 90 750(03/15) 0
C9 600 45+60 0 45 750€03/21) 750
C10 600 135+0 90 0 750(04/02) 600
Cl1 600 834104 83 113 750(04/08) 750

C12 600 8340 83 75 750(04/08) 750
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1.1.2 AZEMERA

TR AT R B T ST R R R AR A
J5 10 d4EJ5 20 d FOU , /N X —47 0.5 m
(0.1 m®) I AE PR, BOE R B, I A 2 i 10 Bk A AR
FeVE R R L 1 O T AR K TE R Ak A T
PR3 LAL [RI R AR B Bir A Al AR 35 5 AR
PALLE, 105 ‘CARH 0.5 h,80 ‘CHE+ e &, it
ST A T AR B AR AR T (kg/hm?) 5 Tl &
HIEL 3 47 1 m K (0.6 m®) il B 2250 T R 30 35k B
HARZRNE 4 m® B, 758 7= i (FoK i 13040)
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KRBT TR 50 s T E R Gl
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XF AR Reon: = (Geoni / Geoon ) » H WY Gepon 4 AR I
S>>0 CTHA BB CCO . Ropn FIBUE N 0~
Toi=1,2, 8, RN PAE I I AE KRAE L1 iR
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K LAT FRHFEFh— pl 2 i R 25053 5 47 5 — 1k 4b
LIRSS N MR AC R ENIE Y UIEY R AN &l FE |
1 AF 2R X LATCLg) (HRUE 0~ 1) FTAH XT B [6] Rep
(BUE 0~1),

M Curve Expert 1. 34 B3} 4 J5 -+ 4 5t F1
F 5 A X B (Repn) Z [0 B9 & R FEATILG 159 3
A Logistic & y=a/(1+be ), Hr y -+
WS E .2 N Reoni - BB T RS E 0N a.b.
o FE LA B A5 2 ) B0 K B R ac/4 L
It B AR FR YR 2= 1nb/c, LA BT 9 Joi R B8 3 R il &

By 2 AP AR R A A S BUIRA(E 2 = (lnb —
1317 /¢ Hay = (nb+ 1.317) /7, A I B &
S AR LAT FRAR XS B[] 22 8] 1) ¢ & #4705 15 3]
A4k iy Rational i v' = (' +06'2")/(A+c'="+
d'z") Hl y' R L. 2" R Rew - SREUT FEFFAE S 880
a b . wd,
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Semh BV SPSS 17,0 AR5 Bt T 4 T B SR RRAE
ZHCLAL S SRR E S B S - i Z R C R,
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K HECXT ¢ A6 36 F 47 B AU A 46, o0 A A B B HUL(E
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R4 E e M R0 0] 38 8, A AL — e AT DL SR
INH

Max f(x) @D)
gi(x) =0, =1,2,-,m (2)
h(x) =0,k =1,2,+,1 (3

A, (D H AR R (2) (3D 2 R B

BN ELE KR ASEN A 2 E LU
PR B AR B S S AR AE S HCR TP e A L
HErRE R Max Y(asb.coa 20" ' d) . TE
HIrEh AR A F A D SRR sh 52
SR R R LY, AT 28 5 B A A1 A ORI Y
KR HEECERE TR ES TY R B IES 5
M R AR, X AT I A5 U2 TR 5 2) AN [A) A= 7 40
4 5 BR 2R 1 AR AT L2 o i b A AR B AR
e Hh W, =a/(1+be )W AT ¥ LR
i (t/hm®) s, K Roons s 3) AR A 7 0F ] LAT #28
AT 29 0, iy a3 b B AR B AR e Hoh L =
@ +b2" )/ A+c2,+d 22 LK Ly.2', H
Rops o7 8 SRR A A9 42 Ko O S 808 & 55 il
IO R(ENE EL )

JH Microsoft Excel 2003 89 #% Xl 3K f# 3t 47 40
At A5 1 H b bR B S5 DG (] I 0 3R A5 A 1 2l 25 18
W absc.a o' F1d' %,



BRI A . Z/NERHAS B BT T 45

2 HRE5HH
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2.1.1 A EBRS S T AES R
KNFZ LG T R B ARRE S 8O0L SCHR[13 ],

XFF LAL f)sh 3280 R AE (R ) B Al 56 K 4k #1

HXAERE

feid e, ASIRAL BN BEAR LA 2846 A A A A A
RIMSBAES, Ba=10,y=0"+b)/ A+ +
d') (a0 /(" d") B g W35 4 i 2 N 3 B
R LAL 5 R 1 ANIEE, B 2 >cofit, 5y —
0, Rational 7# v =G'+b'2")/(A1+'2"+d'z2'*)
R AT LA A v = [1/Ce, +diaD]—[1/(e, +
dox’) ] AR A B A i T AR B R — 4

(% Rational i £ L& 19 r fH &S K T 0. 9, ¥ W] AR I A Ty R X A A B T RE i R
Rational {2 n] H] 7§ i & J5 /22 LAT gh 25742 T AR AL
R4 ZINEHE LAL ST LB Rational TS #]
Table 4 Parameters of rational model on LAI in winter wheat

hb 3 75 #£ 2 %¥ Equation parameters s | 75 #£2%$0 Equation parameters

Treatments a 4 o d : Treatments a 4 ¢ d "
Bl 0.028 —0.021 —2.371 1.421 0.971 Cl 0.037 —0.030 —2.303 1.342 0. 945
B2 0.023 —0.015 —2.409 1.466 0.974 C2 0.039 —0.032 —2.325 1.367 0.948
B3 0.055 —0.052 —2.301 1. 338 0.979 C3 0.038 —0.030 —2.328 1.372 0.953
B4 0.024 —0.017 —2.389 1.442 0.970 C4 0.036 —0.029 —2.317 1.356 0.961
B5 0.026 —0.019 —2.393 1.447 0.974 C5 0.052 —0.048 —2.270 1.303 0.964
B6 0.041 —0.035 —2.354 1.402 0. 968 C6 0.014 —0.003 —2.411 1.469 0.956
B7 0.016 —0.009 —2.429 1.489 0.976 C7 0.027 —0.018 —2.334 1.379 0.934
B8 0.043 —0.037 —2.323 1.364 0. 964 C8 0.035 —0.023 —2.358 1.411 0. 931
B9 0.039 —0.035 —2.366 1.413 0. 985 C9 0.017 —0.006 —2.378 1.431 0. 945
B10 0.036 —0.030 —2.356 1.403 0.961 C10 0.027 —0.017 —2.367 1.418 0.953
Bl1 0.023 —0.014 —2.392 1.447 0.957 Cl11 0.021 —0.012 —2.385 1.437 0.966
B12 0.034 —0.027 —2.383 1.436 0. 969 Cl12 0.040 —0.032 —2.372 1.425 0.962

2.1.2 FEHREBHARIS 14&%4&%9‘%7}%_
MMy AR ST IES ™7 Y
(kg/hm’ )zﬁwﬁ@;lﬁlﬂéﬁﬁ,%@J&ﬂ(@o
Y=289. 936X (ac/4)+14 633.895X x, +
25 701. 5996”41 906. 812¢'d" (r=0.9,5=510. 6)
(4)
WAL AR R X
Y=289. 936X (ac/4)+14 633. 895X
(Inb+1.317)/c+25 701.5996"+1 906. 812¢'d’
(5)
IO R KTTLLE W, A% 15 77 i
5HEETHSEAE XM 5 T YR
FERRE S8 ac/4 2., L ] LATRIES 80007 .

Md kR %wY. Fﬁgﬁﬁﬁ/ﬁk'ﬁ%% I R R
RRREY, BT 5 e BRI 22 05 R
1T L BB A A A R R R T 2 B AL L A R
TrommliEE. i oh . 7GR UE W i B R i Ay A
fih Iy LAT 2 25 28 4k F8 AE J2& XF 77 & 08 i it 72 1
etk
2.1.3 BEAKE

T 5 P A ) B AT e DL 5 UL A L
B K% R FKF P 4 0,966, KT 0.05, 2 54
B (E 1), Hw, HMSIFEA GRE D iy 8o
R 6 TIE AR TR P 50 A TR ) A UL 5 00 0 L 2 AT
fid % ¢ RE g, K56 . 2& KSE P o4 0. 142, K F 0. 05,
ZRAREEE 1(b),
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(a) Validation using the data from established model
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2.2 ZNEBESBMALEITERE

DL bR Y 7 i 5 TR B 25 AR AR RR R S B
B K DIAE RIS il 85 5 & /N EE KA S
B A B S R kb, bR Rk
Max Y(a,b,csa’ »b' o' od') Ao S i 2 (6) ~
o, Hi, 6)~A0 X AHEORLHE; (1)
(2) AN, T Y B AW iy ot 72 B
) A= A B 3 0 T B ER 56 i R B A R e
(I3~ (1) R HEDHK A, LAT 7622 B K e K
R R 2R A S T B0 Y R A AR
(95 (15) ~ (200 HEHE DR R, FEEDALLA %)
FHY R BAEESE o AT R 0 e K AE
T A RH SR L I B R FE AT — SR S L TR
0. 3<<Inb/c<1; 1 ¥y Jou tfe 3 12 Y Bsf ] B Ry 315 47)
R E WL W 0. 3<ay <a, <1, X T&JG
LAT Zh 8828 AR FRAE 72 22 3800 L B = € (0. 82,0. 84),
LAT B A b3k 8 4 & W W e KfE. B (o’ +
0.8306") /(14 0. 830¢" + 0. 689d") — 1 Ui 3k 1 1y
LAT RE/N W@ +6") /A4 +dH—0,

Y=289. 936X (ac/4)+14 633. 895X x, +

25 701.599 X" +1 906. 812X 'd’ (6)
w,=—1523.481-+1. 214u, +5.122v,  (7)
u,= 8.274a+34.977¢+
0. 2012, (0. 000 120bu, (0. 000 056 (xyu;)?
(8

u; =162, 683(1. 131X (ac/4)(0.572X%
(Inb/c) Xu, +0.005 532au, +0. 000 943 (2 u,)*
(9
u, =73.291(2.638¢c+1.170Cac/4)
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000 L 'l L 'l J
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FEARLUE/ (kg/hm?)
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(b) 2 ST ARG B0

(b)Validation using the independent samples

ZNEFERMESUNENXR

Relationship of simulated value and observed value in winter wheat yield

(288.885AB(1. 235(ac/4)B+
243.041AB*+892. 536 A°B(670. 937A°B* (10)
W <Wo Wi <W.<W, 1D
0<W,<2,2<W,<4,5<W,<9,9<<W, <12,
12<W<16,16<<W,<C19,19<<W <23

(12
L.<L;,,i=1,2,3,4 L. >L,,,1=4,5,6,7,8
Liyp<<L: <L p (13)
0<<L,<<0.3,0.3<CL;<C0.8,0.9<L,<1,
0.6<CL;<C0.9,0.4<L<C0.6,
0.2<<L,;<C0.4,0<L;<C0.1 14
a=W .. (15)
0.3<<Inb/c<<1 (16)
0. 3o <a,<<1 7

0.9<<(a’+0.8306")/(1+0.830c" +0. 689d")<1
19
0<<(a'+b)/(1+c"+dH<0.1 20)
A Y K7 i (kg/hm?®) s u, A FEAH (10°/hm®) ,
wy AT ZEBER (10" /hm?®) . v, R & T A 3R
CC)Ywuy HFEER 10" /hm?) ,uy R, w, N T HE
H(g) A= 1(ay) /(1) s W4 5 L Ry
22 AR BIRFAE S R, B=1 000 Cac/4) /u,/
us J[Cary Cey) /(1 () s S Wt R ) Jo AR 32 3 38 %
FFRLTE J 1 52 M RRAIE
TEMW AR LM T, H Microsoft Excel 2003 [
FA SR i 5 s H A R 8500 Je P18 5 TR] B A5 3] B 44 3
BAMAGIES I a.b.cva 0 o' T d' 5455 (F 5),
AT 2 B A RS 7 i R A R PR 2R R A A AR
AR AERR (R 6 FIE 2) .
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Table 5 Design results of population parameters in winter wheat
20 5] B IE S B4 R R RS 8
Group Name of population character parameter Character parameter

ERZEAE

Dry matter accumulation

LINTIE 2S5
LAI

a 23

b 76.105
¢ 5. 990

a' 0.041

b’ —0.037
¢’ —2.333
d' 1.374

K6 ZNZBHEERKBRAELETER
Table 6 Optimal design results of population growth

in winter wheat

845 Index 2k B Results

¥R/ (kg/hm?) Grain yield 9 826
FH % /(10" /hm*) Spike number 543
FH K % Grain number per spike 39
T ki # /g Tousand-grain weight 46.5
FAN /(10 /hm®) Basic seeding number 450
A Tj2£/(10" /hm*) Total stem pre-wintering 1010
20 18
T, b s =
£ 5
FEH £ 10} {4 _i%
S& =
H- 5 12 &
O3 4 5 6 7 8
H KA Growth stage

—a— T4 Dry matter —a— B} [ FHEEL LAT

ok

Optimal dynamic change processes of

2 BNETYENLAINRRHNEE
Fig. 2

the dry matter and LAI in winter wheat

3 3 iR

T RAMEY A = o B T R A sh B A AL 2 18
AR AE Y 7R T BRI 2 A v 7 TR A VR 4 R 0 R N
U Logistic B8 a] F T 23 Mr K B8 /N 2 L E K
SEVEMI I T W 5 R B ) 2 A8 AL #RAEE T, Rational

P RE At b S e LAT fysh s 248 fe g fete . fE
AN Sl R R B A RS T R S 2 R
38R R R U — AR B O vk R T BR AR PR [A]
PR B L R o B A 2 R RS T
5T Y R BAE AL, 5] A LAT A8 LR 1E 2
B AR TR R A O RBER R B T 0.9 DU
Lo HKER R EKFEKT 0.05, 228 R ¥, &
L ASE A 1) LAt 1 S DA o H bR I BER S E ik
Wit ik BN SRR S L NENERK
LA, 2009/2010.2010/2011 F1 2012/2013 H: £
L INERIFERE R 8 265 kg/hm® .8 670 kg/hm® #l
6 828 kg/hm”, M4k H b5 ™= &A — & M2, 3
AR IS 25 b Jem i 9 781 kg/hm®, B K
g 536X 10" /hm?* , R N 40, TR Ky 46 g. 5
TRV I B R H AR 7= 0 25 SR AT (A g A
Z B Arre . Hk, IO R s L R —
SE AR ST e it . 55 4k - E A 8K
PE AR T 1A dh A, B 78 A 5 R B 9% vh 75 38 i £
Al RO o DA 57 S AR AR I AR T R N

HY T HAE Jg 38 48 B ] 00 19 22 5 6 TR
] A= 7 45 A0 T LK 2 8500 24 o0 BBl SRR A K sh 2
AL B BR AT PR L . YA A E R AT
R R N R S O A A I N S N N I S
SAFAE DR R A 9 i AR T X A e Ak
PR R . S A A SRR A BT O L R
B HR AL T 7EARAEE IR K H R 58 s B
9 000~9 826 kg/hm® f/KFB &k F] (H 2L Pk
FH R 3 77 5 K PAAE 7 500 kg/hm?® 7245, 38 ik 4
ANA B AR B0 7 e Y 25 L BE R B B b —
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AV 7 5 RIS F TN [ A 7 R 5 A DA B 2R 7= o
A AR B ] 5, BE S — A5 45 S [a] B0 B8l % ) 258 45 Jf R
AbER 554 B A b A B AR LR A fl BRI A
XA T 7 vk B AT SR AR E

4 & it

o B B AR 25 0 2 7 i B v 9 L A L Rational
BT BE B 4y M S e LAT 1 30 2572 Ak i A 5 7 1
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