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Study on breeding and cultivation strategies for winter rapeseed to cope with
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Abstract: Climate change has a significant impact on rapeseed production, making it essential to clarify breeding and manage-
ment strategies under evolving climatic conditions to ensure production stability. To systematically investigate the relationships
between meteorological factors and yield, oil yield, and resistance-related traits, multi-year and multi-location national trial data
from major production areas in the lower reaches of the Yangtze River during 2009-2023 were analyzed using a mixed linear
model (MLM), linear regression, and canonical correlation analysis. Results showed a significant increase in mean temperature
during the rapeseed growing season in this region, accompanied by greater temperature fluctuations and increased precipitation
variability. Overall, the rise in mean temperature was beneficial for improving yield and oil production; however, extreme weather
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events substantially weakened this positive effect, and low temperatures in November had a particularly negative impact on yield.
Canonical correlation analysis revealed two dominant meteorology-trait coupling patterns: Type 1 (humid late autumn—moderately

cool early spring—moderately warm late spring), which supported safe overwintering, strong regrowth, and effective disease con-
trol, thereby significantly boosting yield but potentially reducing oil content; and Type 2 (cold spring), which was associated with
suppressed yield and structural traits, as well as increased disease risk. It is recommended to enhance monitoring and early warn-
ing systems for extreme weather, especially low temperatures in November, and to adopt targeted management strategies. Under
different climatic scenarios, differentiated field practices and a “dual-target” breeding strategy should be implemented: in warm

and moist favorable years, optimize planting density and nutrient management to enhance oil content and thousand-seed weight;

in cold spring years, apply timely control measures for Sclerotinia sclerotiorum rot and reinforce nutrient supply during the flow-
ering to maturity stages. Breeding efforts should focus simultaneously on developing high-yield, disease-resistant genotypes and
high-oil, high-thousand-seed-weight genotypes to enhance adaptability under complex climate conditions. A multidimensional
meteorology—trait—yield early warning system should be established, integrating historical climate patterns with future projections
to enable dynamic optimization of cultivar selection and field management.

Keywords: rapeseed; climatic factors; canonical correlation analysis; mixed linear model; yield; oil content; Sclerotinia disease
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Hah 737 224.18 -11.74 12.99 —-1.04 0.106 -3.91
Fengyou 737
Zi 105 15.22 11.66 ~34.88 0.28 0.005 -1.53
Qinyou 10
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I 737 1.02 1.41 W 45 VE W BIF 5T 2018, 2020-2022
Fengyou 737 Crop Research Institute of Hunan province
105 1.76 1.07 JRBH T A BEE A5 B 2011-2019
Qinyou 10 Xianyang Institute of Agricultural Sciences
#h1%5 1.93 -2.63 BV 2 S ISR A I 0 2009-2011
Qinyou 7 Hybrid Rapeseed Research Center of Shaanxi province
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Yueyou 1203

Zhejiang Academy of Agricultural Sciences
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Fig.1 Temperature trends over the years from 2009 to 2023
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Asterisks above R values indicate significance levels based on the F-test. * indicates P < 0.05, *" indicates P < 0.001.
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Fig. 2 Precipitation and sunshine duration trends over the years from 2009 to 2023
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Fig. 4 Monthly variation trends of meteorological factors during the growth period of rapeseed from 2009 to 2023
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TR P<0.001, P<0.05; B RO R R

A: monthly variation trend of mean temperature; B: monthly variation trend of diurnal temperature range; C: monthly variation trend of
maximum temperature; D: monthly variation trend of minimum temperature; E: monthly variation trend of precipitation; F: monthly variation
trend of sunshine duration. For each box, the upper and lower edges represent the 75™ and 25™ percentiles, respectively; the whiskers repre-
sent the 90™ and 10™ percentiles. The solid line inside the box denotes the median, while the dashed line represents the mean. Significance of
interannual variation among months is tested using the F method. Asterisks above the boxes indicate statistical significance. *™": P < 0.001;
*: P <0.05. The percentages shown in the figure denote the coefficients of variation (CV).

Month
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Table 2 Correlation analysis between monthly meteorological factors and yield and quality traits of winter rapeseed during the

growth period

A58 HT B Ly SIEP S R EERE R
Month and climatic factors Sclerotium index Silique number per plant ~ Plant height Seed number per silique

11 H & &S Max. temp. in Nov. -0.22 0.10 —0.42 0.02
11 A # A%< iR Min. temp. in Nov. 0.16 0.30 0.29 -0.12
11 HF#S i H %24 DTD in Nov. -0.30 -0.07 0.03 0.22
11 H &K Precipitation in Nov. 0.19 0.03 -0.07 -0.20
11 A H BB Sunshine duration in Nov. -0.38 -0.17 0.04 0.28
12 H %7K it Precipitation in Dec. 0.55" 0.15 0.29 -0.01
12 A H B&#} %L Sunshine duration in Dec. -0.55" —0.34 -0.03 0.10
1 A #4535 Mean temp. in Jan. 0.30 0.59" -0.19 -0.70"
1 A %<8 Min. temp. in Jan. 0.21 0.29 0.23 -0.36
2 A5 Mean temp. in Feb. -0.21 0.34 -0.20 -0.26
2 A 75 Max. temp. in Feb. -0.28 0.25 -0.31 -0.27
2 A #AKS & Min. temp. in Feb. 0.07 0.46 -0.33 -0.45
3 H 495 Mean temp. in Mar. 0.26 0.66" -0.33 -0.44
3 H &A%< Min. temp. in Mar. 0.15 0.60" -0.29 -0.48
4 H ¥R Mean temp. in Apr. 0.31 0.11 -0.10 -0.12

Am 554 HF Thi EHEEW CRUES [ 7

Month and climatic factors Thousand seeds weight ~ Whole growth period Oil content Yield Oil yield

11 H & &S Max. temp. in Nov. 0.53" -0.20 -0.20 -0.20 -0.39
11 A # A%< iR Min. temp. in Nov. -0.05 -0.14 0.02 0.52° 0.41
11 A ¥R H#2: DTD in Nov. 0.23 -0.43 -0.56" 0.47 0.23
11 H F¥/K & Precipitation in Nov. -0.13 0.52" 0.43 —-0.45 —-0.26
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Am 554 HF Th EEEW CRUES [ iR
Month and climatic factors Thousand seeds weight ~ Whole growth period Oil content Yield Oil yield
11 A H MBI 4 Sunshine duration in Nov. 0.16 -0.31 -0.53" 0.43 0.26
12 H %7K it Precipitation in Dec. -0.30 0.31 0.31 -0.03 -0.05
12 A H B&#} %L Sunshine duration in Dec. 0.08 —0.12 —0.40 0.05 0.14
1 A5 35 Mean temp. in Jan. 0.54" -0.17 0.04 0.38 0.23
1 A #A&<JE Min. temp. in Jan. 0.14 0.28 -0.22 0.53 0.48
2 A5 Mean temp. in Feb. 0.48 -0.10 0.53" 0.01 0.08
2 A 75 Max. temp. in Feb. 0.59" -0.30 0.13 0.09 0.05
2 A £ AKS M Min. temp. in Feb. 0.57" -0.03 -0.11 0.39 0.19
3 HF#95#E Mean temp. in Mar. 0.51 -0.76" 0.09 0.52° 0.16
3 H %K< Min. temp. in Mar. 0.39 -0.59" 0.08 0.45 0.21
4 H 35 IR Mean temp. in Apr. 0.02 -0.58" -0.13 0.09 —-0.12

FIRTE P <0.05 KVHIH R E, "FIRAE P <0.01 KTHIHEE,

", " indicate significant correlation at P < 0.05 and P < 0.01 levels, respectively.
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2018, 2019, 2020, 2021 4F, ¥4 3 H MRS
FAEZAE4E2018, 2019, 2020, 2021 4F)HER,
873 IR I I B R ) A A T RE R 7 B AR A
FH WA, 11 H SRR R IR7E 2009 .2015 12016
AFEMZUGRI, KAE 3 H i RSIRAE 2009, 2015 il
2017 AEFESARAR, s AR Oy BRI AR A RIS
BCERE A R, AR 2 7 R K G R 2
PUAE 2010, 2015 Al 2016 4, KIHLKEWRTF0]
FE S 1 B Y S Rl 2 —

Table 3 Distribution of years and months with above- or below-normal meteorological factors

KLWF i v 58 A A% Fy JERC KLWF A 155 2 A AR Ehy Ay
Factor Above or below Year Month Factor Above or below Year Month

AR i 75 Above 2010 11 SF-H15 3R Mean temp. i 75 Above 2020 2

Min. temp. = Above 2011 11 7 Above 2010 1

75 Above 2012 11 I AU Max. temp. 75 Above 2010 1

1= Above 2014 11 [% K & Precipitation 1= Above 2013 10

1 Above 2017 11 1= Above 2016 10

1 Above 2018 11 1= Above 2009 11

T Above 2019 11 T 5 Above 2015 11

¥ Above 2020 11 R Above 2012 12

¥ Above 2021 11 7 Above 2018 12

1= Above 2018 1 1= Above 2015 1

=5 Above 2019 1 =5 Above 2017 1

=5 Above 2019 2 =5 Above 2019 1

= Above 2016 3 W= Above 2013 2

7 Above 2018 3 7 Above 2018 2

7 Above 2019 3 R Above 2023 2

1= Above 2020 3 1= Above 2009 3
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(&% 3)
KLWF i e 8 A A% Fpy H KLWF A 155 2 AR AR Ehy H A
Factor Above or below Year Month Factor Above or below Year Month
FARA R i =5 Above 2021 3 %7K # Precipitation i =7 Above 2021 3
Min. temp. TR 5 Above 2022 3 i Above 2015 4
{75 Above 2011 4 {75 Above 2023 4
TR Above 2015 4 i ik Below 2009 10
{1 Below 2009 11 11K Below 2018 10
i fi% Below 2013 11 I fi% Below 2019 10
I fi% Below 2015 11 I fi% Below 2023 10
Ik Below 2016 11 i ff Below 2010 11
{ ik Below 2022 11 i Below 2013 11
{ ik Below 2023 11 i Below 2011 12
{1 Below 2023 12 11K Below 2014 12
I fi% Below 2017 1 I fi% Below 2020 12
I fi% Below 2017 2 I fi% Below 2021 12
i ff§ Below 2009 3 i ff§ Below 2010 1
i Below 2011 3 i Below 2013 1
i Below 2012 3 ik Below 2010 2
11K Below 2015 3 11K Below 2015 2
1R Below 2017 3 I fi% Below 2016 2
ik Below 2023 3 A% Below 2010 3
i ff§ Below 2010 4 i ff Below 2010 4
i Below 2012 4 i Below 2019 4
i ik Below 2014 4

T HIE 50% R, KT 50% 9 i fik .

Values greater than the mean by 50% were defined as “above” and values lower than the mean by 50% were defined as “below”.
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Fig. 5 Structure diagram of the typical correlation between important traits and meteorological condition
B RR T 2 X MRS S 3] U=V 5 Up-Vao i3k R4S ZBIAGAHCIE M @ MIEHG, LA RRME, URRHAIZETHS
R A ST AR, VSR R PR 2 5 A A M R AR o Sk B B O LR B (D), R R AR B U/V TR . | R4 < 0.2

W ATk o A BN SR AR A TR T 2

The figure shows two pairs of canonical variables: U;-V; and U,-V,. Arrows indicate the correlations between variables, with blue represent-
ing positive correlations and red representing negative correlations. U represents canonical variables derived from combinations of meteoro-
logical factors, while V represents those derived from trait combinations. The numbers on the arrows are canonical loadings (weights); higher
absolute values indicate a greater contribution to the corresponding U or V variable. When |coefficient| < 0.2, arrows are omitted, indicating

negligible contribution to the canonical variable.
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