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Abstract: Taking the beginning dates of flowering (BDF) as the research object, this paper analyzed the
spatio-temporal variation trend of the BDF in Jiangsu Province from 1980 to 2016 by using the observation

data and synchronous meteorological data. Combined with physiological characteristics of oilseed rape, the
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meteorological factors significantly related to the initial flowering period were selected, and the effect and
sensitivity of meteorological factors were defined by path analysis. Moreover, the regression prediction
model of initial flowering period was constructed. The results showed that under the background of climate
change, the BDF shows a tendency of advancing year by year, with an average advance of more than three
days in regions south of the Huaihe River. There are eight factors, that are significantly positively correla-
ted to the BDF, which include: the beginning date of the daily average temperature (DAT) above 0°C stab-
ly in previous year (X,), the ending date of the DAT above 5C stably (X,), the effective accumulated
temperature above 0, 5 and 10 C (X,, X, and X;), the number of days with daily minimum temperature
below 0 or 5 C (X; and X;) and average minimum temperature (Xs) between budding stage and flowering
stage (from early February to early March) in current year. The directly effects of Xy, X; and X, rank the
top three, and the relative determination degree of these three factors to the initial flowering period of rape
is also ranked among the top three factors to the total contribution rate (TCR) of all factors to the R* of
the regression prediction model, while the direct effect of the remaining five factors are generally weaker
than the indirect effect. And the remaining five factors mainly affect the BDF through X,, X;, Xs. while
X, X;, X; also exert some influence through these 5 factors. Removing any factor would change the di-
rect and indirect effects on the BDF. In addition, the regression prediction model constructed by the above
eight factors can explain 68. 48 % of the changes of the BDF (e. g. Gaochun Region), which is also suitable
for some other regions. As far as Jiangsu Province is concerned, light and precipitation have little influence
on the BDF, while heat condition is the main limiting factor. In a word, the prediction model of the BDF
constructed in this paper can better reflect the rule of the BDF and the change of related heat factors.
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Table 1 Basic characteristics and change trends of the initial flowering of oilseed rape
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Note:“—” means that the length from sowing to flowering gradually decreases with time. * . *x . xx* mean that the change trend passes

the significance level tests of 0.1, 0.05 and 0. 01 respectively, the same as below.
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Table 2 Correlation coefficient between the factors and the BDF of oilseed rape

A ¥ [=pe Bl ER

W 0. 1427 0.2302 —0. 0402
FAF HSFENRE R E @ 0C4H —0.5298 —0.3299" —0. 4304

MAE HOF R E R E @ SCHIH 0.5692 0. 4402 0. 4900 *
KT 0CHIMMM —0.3085" —0. 5685 —0.3232"%

J%f;jiaéf§?§§ peNERAinEs 0.2992 0.4667 —0.2139
- ! Bt Rk & —0.0501 —0.0971 —0.0808
KT 0CHIMBIU —0. 7122 —0. 7859 " —0. 7339 %
KT 5 CHIMBM —0. 7403 "+ —0. 7411 —0.7136"*
KT 10CHBRIR —0.5398 —0. 4766 —0.5104 "

H &S /NTF 0CHE 0. 3595 0.5264 " 0.3790*

ﬁ%%ﬂfmi HEMEAENTF 5CHE 0.6898 " 0.6658 0.5847 *
’ " AR AR/ T 10C B3 0.5193* —0. 0835 0.4639 =
T RAR R —0.6152* —0. 6567 —0.5906 %
B H BB —0.0443 —0.0359 —0.3404"

E-Sal ¥ € —0.0499 —0.0454 0.0921

2.3 HMRBEEPEEZSKREEFHERSN

3 %o ARG PR DR S L R T 2 ) Y
HH OG0 il LAAS 31 45052 R PR Xof 9ol 53 26 A 390 52 i)
(AR G B . R T SR A AR AR B A DG T
Bl Z W B i, % 8 N FEEMEHE T FAEH
AR EE T 0CAH (X)) Y FH AR
e sCH (X)) 2 HEaE 3 H EAKRT
0CHMMER(XH) 2 H AR 3 HEARFSCH
BB (XD 2 A EAE 3 A EAIRT 10CH KM
BXH) 2 HEfaE3H EAHREKKREDTFOC
HE(Xo) .2 A B % 3 A A H &R NT
SCH¥ (X)) .2 A EfZE 3 A LAY RIKSIE

(Xt Ardae s, 5. N3k 3 YTy B3 gt
S5O S (AT 10 25 2l i EEAR /D S BE W E AT B
I S e N D 7 e T W= B B G
IERY g RS ORI S GR i ONE e QR LTR3¢
VAR S R 1 5 I o RS I Ry i
X AR R A R (RIS 2 B0 & I 20 B 45 A4 R 0
SEEY 220G Il I 5 T SR R R (R BB BT K R
(%5).

M4 Byl AR BT 45 R AR X X X
X 55l 3 4 46 399 AH 5GP d vy 5 A B AN 5 TH
Xo X7 X 50 B K 5 i A T8 12 2800 T T, X\ X
B K LR a Ll Bt iAW .2 A B E 3 H
FEART OCHMBIR LR T 5 CHMBRIEKZ . JF



el ik

AL 55 < it 3 76 399 49y M 32 BE IR TR 20 B B AT R 2 1) A

239

e 2 B E 3 B HRER/DNT S5CH
KD P2 R IR M R T AR L 2k
PRFE VL2 H B R 3 b A) 2 R AR U

S I A AR B4 SR S T A B TR ARV T THD
WA BRI LRI a . L2 A LA)E 3
HERAIRT 5 CHBBIR K.

x3 BEHSANTIEAERFHHRBLINELBES I

Table 3 Simple statistics of 8 main heat factors and the BDF of oilseed rape at Gaochun Station
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Table 4 The direct and indirect effects of 8 main heat factors on the BDF of oilseed rape at Gaochun Station
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Table 5 The decision coefficient to the BDF of
oilseed rape and the TCR to R* of the regression

prediction model of 8 main heat factors

at Gaochun Station
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Table 6 Impact analysis of removing each factor on the direct and
indirect effects of the BDF of oilseed rape
X X, X; X, Xs Xs X7 Xs
EBREF 1, =—0.530 ry, =0.569 rp, =012y, =040y =—0.540 rry =0.359 rr, =0.690 rgy =—0.615
B mm#E A RmE O A% RBMEk A% B HE SW% O HE REE HEE O BEE AR LE#
AEB —0.242 —0.288  0.232  0.337 0.256 —0.967 —0.665 —0.075 —0.063 —0,477 0,181 0.179 0.676  0.014 0.733 —1.348
X 0.303  0.266 0.380 —1.092 —0.623 —0.117 —0.122 —0.418 0.182 0.178  0.767 —0.077 0.615 —1.230
£ X, —0.292 —0.238 0.271 —0.983 —1.042 0.302 0.135 —0.675 0.130 0.229 0.502 0.188 0.642 —1.258
% X;  —0.245 —0.530 0,233 0.569 —0.384 —0.740 —0.119 —0.54 0.145  0.359 0.727 0.690  0.782 —0.615
£ X, —0.240 —=0.530  0.257 0.569 —0.249 —0.712 =0.229 —0.540 0.109 0.359  0.828 0.690  0.821 —0.615
£ X5 —0.245 —0,285 0.220  0.349 0.351 —1.063 —0.821 0.081 0.179  0.180 0.632  0.058 0.697 —1.312
£Xe  —0.242 —0.288  0.219  0.350  0.012 —0.724 —0.391 —0.349 —0.057 —0.483 0.695 —0.005 0.592 —1.208
£X; —0.267 —0.263  0.164  0.405 0.804 —1.516 —1.569 0.828 0.218 —0.758 0.211 0.149 0.206 —0.821
£Xg  —0.216 —0,314 0,203 0.366 0.682 —1.394 —1.093 0.353  0.124 —0.664 0.003 0.357  0.248 0.442

T« 3R P OIOHL T (R 3R 7R R BRI P75 51 Al PR T A R A e P R AR R R A A

Note: The bold font in the table indicates that the direct or total indirect effects of other factors change greatly after removing some factor, the

same as below.

R7T FABLBIEFHERSTPFEET R NS THEZLWHN

Table 7 Impact analysis of removing each factor on the TCR to R* of
the regression prediction model of other factors
T AT RY 08 IR
1 X X X, X5 X X7 X
AERE 0.128 0.132 —0.183 0.493 0. 034 0.065 0.466 —0.451
% X 0.172 —0.271 0.461 0. 066 0.065 0.529 —0.378
#= X, 0. 155 —0.193 0.771 —0.073 0.047 0. 346 —0.395
% X; 0.130 0.132 0.284 0. 064 0.052 0.502 —0. 481
* Xy 0.127 0. 146 0.178 0.124 0. 039 0.571 —0.505
% X5 0.130 0.125 —0. 250 0.608 0. 064 0.436 —0.429
*£ X 0.128 0.125 —0.009 0.289 0.031 0. 480 —0.364
= X7 0.141 0.093 —0.572 1.161 —0.118 0.076 —0.127
* Xs 0.114 0.116 0. 486 0. 809 —0. 067 0.001 0.171




el g DA il S AE 1 gk S BRI R T AT R TR Y Y ) 241

2.5 MITMEPTMBARNEIRARKE

FF Xy~ X SR de /N R T R SR AR 1R
WO I 2 T 1A 3 BT, 75 30 F0 i 458 80 1Y) 5 7

f=—0.2092X,40.1080X,+0. 0312X, —

0.1128X,—0.0288X;+0. 2541 X, +
0.7995 X, +3.6076 X;+119. 3803

o A5 HR R BE E AT A 58 & B L il 2% A A6 0 T4 (e
HIT R 2 0 P iE R AL R® O 0. 6848, B W] ixX 8 4>
P57 AT R i SR b AR A AR R 1Y 68. 4800, & F
5, F=0. 0004<C0. 01, 15 B M & & K. Ui B X 8
A B TR X S LR AR T (O /g LA B3 AT
T eI RGP iR, it — PRI
AL TR (1% T 00 o At A )P S R ) 8 G X R 4 3 L R
L3 [ 4 14 101258 46 A6 0 R A7 40N T4

SR B3 57 B500E R A5 70 T 00 o R R AT A T
M T FEE 8 AT LA Y Fir i) g 0 B AL X 43 3 1Y) T3
T8 B TE 9820 ~ 106 %0, M B LU 7E 9926 ~107 %,
Ut A2 A5 1 R A5 458 G b, TR0 4 3 | B 1L T 1) il R
GAEI 5 RIS 5 4 b L RS v A4S DX 0 il 3% 46 76
LI R TR0 A E AT B AT ¢ KR BR. AR 8 W]
DIE W &I BUR B E M 0. 1322>0. 05, BB

{E 5 BIAG Z R4 3% 1k 22 S 2 1 o i DX B
) A 014 i S5 s 46 0 T 1 0 A TR T L A g e ) 4
I X SRR A W MR I KR A R
0. 000, 156 B 08 00 {15 1 o000 {047 A W 35 25 . 253 b
XA AT AT A3, 4 5 T BRI B R 2
Ay R B Ll 5 Y 39, 93 Y0 R 574. 7% o B TAE—
SE (14 DX 35530 1B P9 A A AR X — B0 JR 3 /NS fe s BRI
A% S ST AR EL A X IGE P S B % 4 g b AR A0
DL A i, JE 3 100 km 22 A5 2 4% 10 S JE M A
F18 T S B A6 07 T e — 9 L o 7 2 % 2 B AT
PH,

. 110} T iR
= H
ol -
% 100 El :
% 90 —
80 :4 .
iz =40
T X 35%

L1 RO T ik 3 e 46 19 o i BE 43 A
Fig. 1 Predictive accuracy analysis of
the regression prediction model of

the BDF of oilseed rape
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Table 8 Pair ¢ test analysis on observed value and predicted value to the BDF of oilseed rape

HEr s o 3 B UK ] t K5
B SRR e ) TONERA fas

B4R/ km 575 WP 55 50 H AP 2 25 H L B ik 3 Pk
417 113 0.3833 102% 0.98% 0.132
Bl 283 0.0667 105 % 0.99% 0. 000

3 g

SR A T L5 A SR A6 18 ) 5 2 &
X — WL 45 R 5 Badeeck et al(2004) fil Zheng
et al(2006) 5T 15 i 1 v [ 2= 1y e 52 S il e e 1y
WA —B, X ATRER TR AT =T ILH
by XA T IR B2 i R (B A AE 45 20000, 8 A I HE R
254 5 2 [ ik B ) 32 B T s LR ] L 8 i
SEAZERNWI A 0 A 1K 8 1S 0 L il S T AE A E SR A R
) BSF R) 455 5 D) F 46t A 7 B2 AT

Hi T A AR 22 S AR A4 KRB XA
AW ERAN TR I 2Z A [) A 4 0 = A2 A Y
N PR CRE ) A R A RAE Y X R — R R ER A

£k B 3 AN [7] (Wang et al, 2015), PRI, 4% SC L6 BF
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G3 BT o JRE G T G TR R X A 0 A AR B A A R AR D
ZIEMEDL . S 55010 5 AN SO S5 W
T 4 1 350 4 70 365 LA b 0 PN R R L TE R B R gt
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H HE S $08 R il 2 T AR 75 5K 5 [R) B 20 X AR Z= R /K
AL L AT A B A S B AR T SN I R
KR BRI VT X L 6 B R K AN S
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