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DX R P 2 Y, A B RHE . IR ARSI KR
U (TN o 2 ¥ C YN O0 BULE - RE(0E 171N /A M <
ANFERERE R 22 55 AN ) )i 25 5 T BOAS ) () B Ak 5 44
J e Re R R4, M 3 B A 18] AN R A K
B ERP, X R & S e R G5 B R K
Fo TN, [FARYIAEA R HLIX B FhAE S Fh . AR 2t
WEAME. B, EiHf7/- &g WERTERN, FHE
SRR, FiEEEAMXEF. A, DAERTFT
AR TR b, ZHECRHMSIN EE (. A
WAFMED FRREFHATIRE™, W& NERE
KRG R —AELN R, X R R E A R L
o AR 2 R0 2 B A TR AE % « 975 S ITE 20 4D 80 4F
A HIRD 3 B DR - B AL AR BRI v, R LR AR FLAE
HI =R, RAF AR T IX — .
TEARZAED == Ak 1 ge it ik, 2 ot alHv: il
FIRES A, AR RE, s R Nk
T —FE R e A T, e s AR 2 B AR R (A
HY BB 2, AT Ak 22 DR 1 VA 45 B 50 LA R 2
JR KR Z A EAS B SEE R, AlA ROH R 5 AR (A
M 2 Em L2, R @A 7 EdE 451 . BP (Back
Propagation) £ 252 Ak N T M4 (Artificial
Neural Networks; ANN) HHf—Fh, PR H G5 2] FIAE6if
KEHN-F BRI R, LR FaiH s fRix
PHELS X RVECE T RS, AT LLEIR R SO S msl, BA
TR BRI ARZR WL E 77, e liE & 2 DR 20 22 TR 3R ORIk



8

i EE: ANEP RS BRI TT i 79

T R, HEr S 2 R T & ANSURP. ik
R, AR TTIE ORI 2 i S B A S SR L
g SR T NI R A

AT R /N A RO AR B S TR BT B TR
Hir, EEAGIHIRE TR -, ZEHRE ML
Mk Ay B RERBIX R T, 22 BIR A 2 e bk Rl
Rl fr—2 Ak Bl A J BP M2 j 25 AT TR A5 Y i g
&, I iR as RS S EAE S L, 15 2R AR R T
A, REANE BRI OS5 N S
HrIIRE AT A -

1 #RE7AZE

1.1 Rk

KN Z RS RN BERE K SRR BERHR T 75
BAGEE L. Hr, TLIRR &/ NEAR RGNS
W4RT 20 tHaS 80 FARHT, MIuh MAFE R Ak,
sty RE. M. HFHE. V. ARML IRBH S8t 10
A OLR D), Fh™ B4 ER T AR B
REHOR TRLGUE s RGO BB A% B4 43 BT —4F 10 H
EHE 5 RZEHMNGEER, TRRRELZCFEZHM
SRR (CC) L BRI (C) L BEKE (mm/d) .
IR (h) 8o K/NZRME AN 28X A
s SUN g eI

x1 ZPERUSEPNLRER
Table 1 Information of agrometeorological observation stations
of winter wheat

LI KL eV TIN ) TRIRE A%
AN Ny Sample numbers Sample
Observation Starting and buti bers f
stations en ding year contri ut.mg to numl ers. or
modeling forecasting
E 111 Kunshan 1980—2018 31 8
M Xuzhou 1980—2018 31 8
L5 Rugao 1981—2018 30 8
HFAE Xuyi 1981—2018 30 8
{i2if Binhai 1981—2018 30 8
#E%2 Huai’an 1982—2018 29 8
il Ganyu 1982—2018 29 8
MAK Xinghua 1984—2018 27 8
VRBH Shuyang 1989—2018 22 8
K= Dafeng 1995—2018 16 8
J 1t Total 274 80

1.2 FREFIEE SR

1.2.1 AZBETEAL
PIZEHBERR T, CC) « BiFF/KE R, (mm) K&

L S, (h) fEARMEANEEKBEERE. Ko

FACHRZAT, BRMKAFEFRIBAE X DA KIS K

BOKECM, AREgh TR—F 11 HE4F3 HiZAH

BAREE <0 CHIHE D, (D) »

1
T=>1 (D
j=1
!
R=) r, 2
=1

J

!
S,.=Zsj (3
j=1
! Lty SO0TC
_ _ min j
D=)d, dj{o Lo 4
J=1 7 minj

X 4 NEH PSR, Cs o NEHBEKE, mm/d; s,
FZEH F RN B byt WIE ARSI, C, i HEH
W AG R F S5, B0, 11, 12, -, 17 (Hd1o0%
RET—4 10 H, 13 FaRHFE—H, KRR 5 j &
MAGRET, [ FR8AHBRE, d d o HBAGRE
FEFR <0 C BT R %

NFE S I WA/ IN 7 A I ) P AS TR IR B R A AT
PR, A AR, A RBiFMKERASH
WA 7 AT A AR B, BOAET—4FE 10 A 3 5 A Kk
R IAH. 248 34 0 8 MARIFREAT T
BB A; AN HRIGRE <0 CHRIHBMRT—4F
11 AE 3 ARKEER 1A~ 24N L SAHRIF
HATHTA N RS . UL TT,_, TS m B SR,
TR, -, TR B A B Bt Bk &, TS, Ron i A B
SHERE, 7D RRHEREBN HRIGERE<0 TH
ML S5 SHFE mon RN AR BGERLE A 6
W TTyo14 F-HT—4F 10 B2 2 HELEBUR, TRy s
FORET—4E 11 A 3244E 3 H 0 EHFRKE, TS, 8m
A4 12 A 344 4 A B HBNE, 7D Bomai—
11 H RS 2 A B H SRR <0 CHe H 2.

T, :iT,. (5)
H%fi& (6)
TS, =Z s D
™, ,=>'D, (8)

3l A b B, AR AR . Btk E KA H
MR 36 NMFF, HERIKIBE<0 CHRIHZ% 15 NP
b1, L 123 MAFEB BN EHE T (R2) .

1.2.2 ®AEF

T R R A SR a3 Bk a5 0 SR AR
PR TR &, DAE NS /N P RAE R % .
1.2.3 ®RERRBEF

10 NENZARN S G, 55 A XTS5 5], 3l
M4 5 N 31.4167° N~34.8333°N, L EHEE A
117.1500°E~120.9500°E . AW FAKIEVL I3 R IX K, H¢
10 N5 AR 6 NMX, FRaR N IXRIE T, 6]
(&3,

1.2.4 ArHBE

Pl 2 R H e R A BEERN R, —, &K
GG T S AN E R EA TR Q0T KD 1R
ke 2% P R AE R
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Table 2 Meteorological factors in different periods

SEHF MEAL T BE S R H T ZEHASZRET Bt
Meteorological factors Meteorological factors of puffed period Monthly meteorological factors Total
TTyn(TTio1~ TTio-2s TThioi3~ TTioaas TTioass TThoies TTho-17~
TTi1a2~ TTiass TTias TTiass TTies TTians
BRUR ;;12-1,% ;;12-14\ ;?2-15\ ;;12-1(» TT317+ T,(TTio» TTi~ TTias TTiss TTigs %
Total accumulated temperature 1314y 221415y L RIs-16y £A16-17 TTis« TTie~ TTi7)
TT14a5+ TTiaaes TTigar
TT1s5.168 TTis.07+
TTi6.17)
TRyn (TR10-11~ TRi0:12+ TRi0a3~ TRi0-1as TRig1ss TRioss TRio17~
TRi1-12~ TRyaz~ TRivaas TRiviss TRiies TRipa7s
Bk ;212-13\ ;ﬁlZ-M\ ;212-15\ ;ﬁn-lé\ TRy3.17+ TR; (TRio» TRyt+ TRizs TRis. TRis 3
Accumulated precipitation 1314~ AR5y FRIS-l6y - LRG0T TRis» TRis~ TR7)
TR14-15~ TRis16~ TRiga7~
TRi5.16~ TR15.17+
TR16-17)
TS (TS10-11~ TSh0-12+ TS10-13+ TS10-14+ TS10-15+ TSi0-168 TS10-17+
TSi1a2~ TStz TStiaas TSiiaass ISiies TS1ia7s
4 IR K TS12-13v TSi2-14v TS1215v TS12-168 TS13.17+ TS; (TS10» TSii~ TSizv TSizv TSiu
Total sunshine duration ISi314s TSurss TSisaes TSierns TSis+ TSis~ TS17) 36
TS1415~ TSia16n TS1417~
TSis5.168 TSi5.17
TS16-17)
HIRRRE<0 CHHE  TDww (TDi1ai2 TDiiass TDipias TDipiss
The number of days with the TD1213~ TDi21a~ TDigase
minimum dailytemgerature less TDZ-Z\ TDI:; o TD; (TDyi~ Dios TDi3» Diav TDis) 15
than or equalto 0 C TDIL‘_IS)

it Total

123

Ee ThR mon FoRBUHEGHBRGEIEA 6, i WEFMARBRIFSEG N 10 R8T 9 10 3, 13 FRNE—H, KIEE.
Note: The subscript m-n represents the starting and ending months of puffed period,i is the ordinal number of the months during the growth period; which takes
10,11,12, ..., 17; The subscript 10 represents October of the previous year, 13 represents January of the current year, and so on.

#3 ZBPNERISERNERD X RME
Table 3 Agrometeorological observation station zoning and
valuating of winter wheat

s IS H X WA
Regi Representative Region
egions ‘ !

stations evaluation

75F§ South Jiangsu il 1
YT Area between Changjiang river and W
Huai 1i Mk 2
uai river

ZR IR East coast of Jiangsu KE. s 3
YA Area along Huaihe river ez, iR 4
WHEUT Coastal areas along Huaihe river B 5
Mt Area north of Huaihe river BN IRBH. 6

TR B B 5 A

St DL ER AR, HARRR. SR X
PE®EE 4 KL 126 MAT. BT CEHEXET,
FX AT IR AR EE, 10 Do S S H@RBENFEAR (IR
D ¥R RMSIAEAR, RSO HEE TR — N FEARECN
274 BIEBTE, RHAZLMRE. B0 Hr-2e v BIE &
BP & M 27E5E 3 P AL 3 AN 7= 5 4 A B8 IR Tl
MR, SR o ol WA T 006 L B 3 M S SR R T A R
S5 AR RO TN AL 40L& RO AT 8, FEHE 80 N
IEFEARRITIRAE L, FH CAPER AL 1 TR AR
1.3.1 %ZaskHe)a

% TR VE RN — Pl FH T a2 A %, TEH TR
—ANEZNETERNFREREE—RZEN T ES . &
SR SPSS #ift, KM IEE R fhs
X % RS 126 MR TS5k AsE. kg T
RS 3 NNE PRI ERIAT R T, REEET
/N 375 (Ordinary Least Square, OLS) , SRHIZZ (Al
RN T &/ N B B A B R TR R e e [ A AR

1.3

B YR RNEF A EZR, X1, 00, %5, .00 Xa T
BRG] Y AR BAER T, WFTEILAA /N
PR ER SRR T Z R LR R

Y =ax ta,x,tax,t---+a,x, + f )
X poNBENLAE R, NEEOG ), ap, a5, ..., ag REEAE

BT X1, X0, X3, -0 g AP REAY RN R BT, RORAE HAR 1
ABRIEOT s xq SN — AN AL Y, B kT
PA: ¢ NEADNETBEWERTFS, K231, 2, 3; d
N HEBMATERENTF 5.
1.3.2 BFoa-&Ha)a

Rl 3 AT 5 T AR 2 A8 2 e A /b B B A AR T 1
CRE T, IX—TJ7 AT DA R DR 1 [R] A L e v e R, [
It A A B 41 . AL AR R TIE 126 4N, 3%
Rl 7 P4 AT A8 T e [RIE, 23R FH R o dr itk
ITHRIFIA . AR SR F 3 553 49 BT aoxsd i 22 (1) A8 & dh AT
HFath. Bk, XS HKEFHIKHEEHAT
Kaiser-Meyer-Olkin (KMO) £5365 EUREF] (Bartlett) K
AR, 24 KMO {H>0.7, Bartlett f45 ¥ P {f<<0.05,
RIUL A S AT T — B R T . 285 AR s R 74
Tl BRTTERE R KA E, e sELgEER T, IF
MR ENEEE T, FFLUE AL RHR B &,
MR R 5o M-8 PR AR, [ E VA E L 1301,
1.3.3 BPAFZEM%

BP #1122 [N 25 B SR M S5 M BRI 2 CGinput) &
JZ (hide layer) F#itH)Z Coutput layer) . AREMCE RO
e, A5 EABERAE R 126 DR FE R AR R
T W RS BRI TR RS 3 N4/
FrrEamER.
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i A KNE

BRI TT i 81

o1 £ ) 4% 9 B4 TR 2 T RR S R B
Hi 50 mgad A, Bsomy i g i) 2: 3 R0R, N 2
IRINZRR AL, X XS BEARINZRIIRE s k2, MZII
SRR N, W& Sk ilG . A maR A (10D
W AR, RIFHAT G, DGR
MR & EME T

p=A~otlta (10D
K ps o AN E Z S MINE B E 4 08,
o A1, 101218 B H %

% | MATLAB 2016R # 4 i) Neural Network
Toolbox KIJH AN 3 AN RmE5MEZK K BP M2
TRMBLRY, $EAEDHRI R

D i — A EE . BT R AN PR B A M
KMHETERLZ, HEHTFREBEENREEZRTER, K
WEFCAEREAT BP 20 X 48 K G 1 S % R a4 gk 47 )3 —
TOALEE, KPR LR M 48 BI—1, 1RSSR, 7RI
BRI 25 5 U8

2D MR8 S o 4 255 P 8] 2 180 28 04 328 R UK A Logsig
BREL, R PR T AL I8 R ECR BRI Purelin, |
ZRRCK A Trainlme K898 1) 75%H TEAIZE, 15%

FF P BGE, 10%H TR . 5 B AU S0R %
J90.000 1, 232K 0.05, FARMERECN 1000,
1.4 BRGNS E

1) F T ) 118 0N A PR S 5 3l h TR AR AR ) 4 /N 2
B R EZAT IR A, FI5AE, AT
Y -r

c

PA. = (1-|~~—)100% (11)

tc

K Y NN B BRI SEPRE
2 HERE5HH

2.1 &% EYIER

KA 2D [ 1 7 0 BdE AT e vE [BLA b, 5F
IS OLS Mg 3 AN E 5 i R I AL (R 4) .
MF 4 FRIIL, 3 AN PRSI E R R AR T R
FERR (P<0.01) o Hrh, &/NZ R Rl ALY
FEMBRLTEREAT . XK T & 2—5 H BB,
FEORL AU (B A 1) 3 SRR AR e X IR 7 AT 4
3 HHEE & 2—4 H e BfKE; TRl &R
SRR E TR E. 3—5 HRHBREH. 1—4 AR
iR 4—5 H B FKE KIEARTEE S AN IL R .

*4 BNEFELEMERNE TLMERFITNRELGER

Table 4 Multivariable linear regression models results of winter wheat yield components

e T p e A —
PR EE Hom e R AREPUE RS RRERER g gy
Yield components Models Detenn}natlorzl Adjusted d'etermme;tlon Skewness standard Fvalue  Significance test
coefficient R coefficient A-R error
TR AR Y1=1.579-0.040 4x;+0.120x,+
Spike quantitis per plant 0.000 51, 0.515 0.509 0.450 95378 P<0.01
R Y,=42.504—1.102x,—0.095x,—
Grain numbers per spike 0.027%-0.012xc 0.178 0.166 4.603 14.586 P<0.01
TR ¥5=4.014+0.479x6+0.018x7+ 0.368 0.356 4.190 31209 P<0.01

1 000-grain weight 0.009x5—0.012x9—0.068x,
e AT xo AHIXE T, x82—5 AEMR, xo83 AHBRINEL x5 2—4 3 RIHHKE, xo AR e E TRER, 8 3—5 HEHRNY
xs N 1—4 HERUER, xo 8 4—5 A RiFFEKE.
Note: x; is basic seedlings per mu; x; is region factor; x; is total accumulated temperature from February to May; x4 is sunshine hours in March; xsis accumulated
precipitation from February to April; xe is 1000-grain weight of audited variety; x7is sunshine hours during March to May; xs is total accumulated temperature from

January to April; x¢ is accumulated precipitation from April to May.

MK 4 ATLLEH, FPEAWER IR IUE R
i R* 5y 5108 0.515. 0.178 1 0.368, FLLkEiL ik BB #
[ BT, 2 ANERERFE(E R T 0 3o B A& AR ECR T
10, XK AR B AR B RS 2 BRI M B(R 5) .
x5 ZNEFESHEZRNZ TEVATIAEE L& HSHLE R
Table 5 Collinearity diagnosis result of multivariable linear
regression models of winter wheat yield components

it Yz RHAEAE A%
Models Dimension Eigen value Condition index

1 3.729 1.000

Y, 2 0.164 4.763
3 0.096 6.248

4 0.011 18.363

1 4.495 1.000

2 0.296 3.897

Y, 3 0.134 5.786
4 0.064 8.399

5 0.011 20.296

1 5.644 1.000

2 0.182 5.576

e 3 0.133 6.506

’ 4 0.029 14.032

5 0.009 24.399

6 0.002 47.677

2.2 BEFHhE
AT 126 NMAEFRHATH 04, SR KIH T2
JEAAE B SR R AR IE A6 R, TR T BREAL S,
RIEEEAT IR bt Rk, SR &R B A R AT,
Gheiz H ES A il R T 32 ANHEFEATE T
R I, KMO {84 0.738, Bartlett #4611 P (EH 23T 0,
XS 57 Hr AR IR @ R A, AR PR
FEERT 1 AR DTk 2 10 MEE R T (R6)
T SPSS B ha H T 10 ANSEA TR 43 731 5 Wk AR
FEURLE e TR0 FE AT B, 1535 F2:
R AR -
=1.738+0.059SF, +0.154SF, +0.024SF, +
0.072SF, +0.043SF, +0.054SF, —0.019SF, + (12)
0.038SF, —0.354SF, +0.008SF,,
R £«
Y, =29.634+0.351SF, —1.219SF, + 0.448SF, —
1.086SF, —0.360SF, —0.495SF, —0.300SF, + (13)
0.259SF, —0.356SF, —0.059SF,

Y

al
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TR
Y,,, =38.367+0.072SF, —0.056SF, +0.627SF, +

1.263SF, +0.681SF, —1.115SF, +0.157SF, — (14)

0.046SF, —1.953SF, —1.245SF,,
XPsE. sF» ... SF, NIEE TS BT 2 iE K
10 MREF T JR IS RIS HE R, 2 hlxs 3
MERBEATIL A . RS W B ER R . 4RI
®7, RN, 3 MBI AR T T LS i
A, H OB A 2Z e RSB/ T 4, B K TR
B/NT 0.1, SORALAMERT 0 HANT 03, SMIHE T2
B -2 [ VAR (R S M 12 W R Bk 22 40 W RCR B - ]
MRS REERE, SR IE R R AT
0.5, MERRRKLE.

*o6 GEAFHAENNER

Table 6 Variance analysis results of comprehensive factors

Coffp?eniive .%ﬁﬁ ﬁV%rﬁfi‘f ;%Xl—zziljaféf
factors Eigen value contribution rate/% variance
contribution rate
1 7.581 23.690 23.690
2 4.013 12.542 36.231
3 2.697 8.427 44.659
4 2.114 6.605 51.264
5 1.894 5919 57.182
6 1.765 5.515 62.698
7 1.522 4.756 67.454
8 1.206 3.770 71.224
9 1.080 3374 74.597
10 1.018 3.183 77.780
32 0.024 0.075 100.000

x7 BAFMUEHZNEFBENERTNERLE

Table 7 Prediction models results of winter wheat yield components after factor analysis

WAEMEEHAE Chi-square test

JLLZEPEZ W Collinearity diagnosis

5% 2243 HT Residual analysis

- RS SR A A ik B
{ I /\” "\’_‘_’;\” /\: A/A\‘ Vs y: s ey é v i . .

Models iAo ERMC (REEENIER B A BRAAM e ROCHA
Determination Adjusted Skewness Eigenvalue  Condition index ~ MaXimum absolute 1 vimum  Maximum leverage
coefficient R*  determination standard error value of studentized Cook’s distance

coefficient 4-R* deleted residuals
Yi 0.399 0.376 0.507 7 1.000 1.000 3.734 0.064 0.100
Y 0.144 0.111 4.752 1.000 1.000 3214 0.034 0.100
Yis 0.288 0.261 4.488 1.000 1.000 2.813 0.034 0.100

2.3 BP M%K%

B (10>, L2 RMmikE, KN o=126, =3,
o=5 I, p=16, IL5H)T BP MRILSIRCR fefd, Hbfi
SEATEFBAE BP #4845 04 126-16-3. HE 1 A LA
E i, YIGMER BARMERIF R REUL 0.803, Y& RECH
0.644, = TE 2 oM [l H A K 2 b -2 M [ =704
AR TR S P s /AL, IX UL BP #4140 W 25 44 2 11
RO By, W BT 2 oo B &R T Hridks

1.0

o
[

S
T

S
W

H— A 1E
Normalized fitting value

$=0.62x-0.02
=0.803
R=0.644 (P<0.01)

=)
T

05 0
Rt M 7R [}
Normalized actual vaule

B 1 BP AP M %) AR 69 Ba-A 5 5K TR 6 AR
Fig.1 Comparison of fitting values and actual values of back
propagation neural network training model

2.4 ETF BP M ERE B - SR E TR

FIFH 6 MHBIX 10 AMub A 2011 —2018 4F77 R 45 1) ¥
X R SRS B AT IR, 455 WK 2. WTLLAR R, K
T BP HHE W RN VL IR A& /N2 77 B 4 A0 B3R () Tl

DK BE~F- 2515 85.3%. 73 FARAT ROKRE, BP FIEE /24 45
TR N6F A% /N 2 RN B R T 0 5 S 1) TG 52 B S v ik R
FHER, FEORLE I TIIRS B2 88.1%, HrhdnEg. 430
VI ST VIV 2 DX PR FROMRG B2 36 90%, AR FBIR I
K 95.1%; TR 5T & 1 TIIAS 2P 2N 89.5%, Rk
R~ REBIIE S VTR IR R bt X Y0 RS B 4
90.0% T4 BRI Py Fot I AGS 2 A5l 2K, RV T (88.3%)
JRFIRE (81.1%) 4b, HABH X A E 80%.
SrHLXSKE, BP A MBI 6 AN X A& /NP
TZE MR T 3 TR B R s BRI R AR
(89.6%) >VEVEVNIF (86.4%) > (86.3%) >
(84.3%) >iedl (83.0%) >VLE (81.3%) . MTHIMILE
RIFHERZRE, BP MM 6 MBIX ) 3
7 B 2 AL OO AR AR AR VR 25 A A, Ut B L AR 1k () A
REAE X A0 EE 2 (Rl 70 45 R Re /o, Y0 s e R

ok A & ki H o -4 it
Spike quantity per plant ~ Grain number per spike 1 000-grain weight

Ee) I TOE RPN W RN
Province- South Area between East Areaalong Coastal Areanorth of
wide Jiangsu Changjiang coast of Huaihe areas along Huaihe river
river and  Jiangsu

Huai river
i1 [X Region

B2 BP AN W SR AT A& R F M EF TR
Fig.2 Prediction accuracy of back propagation neural network
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Method for the prediction of wheat yield components
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Abstract: Accurate determination of yield components can assist in predicting the final crop yields, revealing the
physiological significance of yield estimation. Research on the direct prediction of crop yield components is still lacking,
because the feature data of yield components for long sequence are difficult to obtain, and some highly variable factors
influence each other on the accuracy of the estimation. In this study, the spike quantity per plant (SQ), grain number per spike
(GN), and 1000-grain weight (1 000 GW) of winter wheat were taken as prediction targets, to determine the optimal method
for the prediction of winter wheat yield components. 126 independent factors were achieved using the puffing technology for
meteorological factors after assessing the factors of planting species, density and region. A multivariable linear regression was
used to analyze the crucial factors correlated to the concerned crop yield, and thereby to determine the quantitative relationship
between the factors and yields. Three multiple regression models for the yield components of winter wheats were constructed
after the 126 independent factors were regressed step by step. The determination coefficient R* of the three multiple regression
models were 0.515, 0.178 and 0.368, respectively, all at a low level than before. In collinearity diagnosis, if the characteristic
values of multiple dimensions in 3 models were approaching to be zero, or the corresponding condition indexes were greater
than 10, the time-delay prediction can occur due to the multicollinearity relation between factors. To solve this collinearity
among factors and verify the data structure, a factor analysis was conducted to transform various observed variables into a few
typical comprehensive factors. The optimized 126 independent variables made it possible to reduce the factor dimension. After
factors optimization, 10 comprehensive factors were obtained to establish the three multiple regression predicting models of
yield components, and the determination coefficient R* were 0.376, 0.111 and 0.261, respectively, all less than 0.5. Based on
neural network principle, a back-propagating neural network (BPNN) model was established between multiple independent
factors and dependent variables, due to its ability for an approximate representation without restricting the input-output data.
The determination coefficient R* of the proposed model was 0.644 under the optimal model structure (126-16-3), indicating
much better than that from the multiple linear regression and factor analysis. The overall prediction accuracy of BPNN model
was 85.3%. The average prediction accuracies of grain number (GN) and 1000-grain weight (1 000 GW) were 88.1% and
89.5%, respectively, showing significantly higher than that of spike quantity per plant (SQ). In the prediction regions, the
average prediction accuracies of the BPNN model were more than 80% in 6 regions, with the highest prediction accuracy of
89.6% in the east coast of Jiangsu. The results demonstrate that the nonlinear feature of BPNN model can be used to improve
the approximation ability when dealing with multiple factors. The BPNN modeling is strongly recommended to predict yield
components of winter wheat.

Keywords: crops; winter wheat; yield components; multiple liner regression; factor analysis; BPNN



