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Response to climate change and model prediction for
flowering phenology of pear cultivars in cold region
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Abstract: [Objective] This study aims to construct a flowering prediction model for cold-resistant pear cul-
tivars, providing a theoretical basis for forecasting and scientifically mitigating late frost damage during flowering
in cold regions. [Method] Based on meteorological records during 2011 — 2020 and flowering phenology obser-
vations of four cold-resistant pear cultivars in Gongzhuling, linear regression, correlation analysis, and partial
least squares regression were adopted to analyze the response of pear flowering phenology to climate change,

identify the keymeteorological factors affecting flowering, and construct a regression model for flowering predic-
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tion. [Result] The climate in Gongzhuling presented a warming and wetting trend during 2011 — 2020. For the
four pear cultivars, both initial flowering and full bloom dates advanced accordingly. Only the final flowering date
of ‘Pingguoli’ was slightly delayed at a rate of 0. 3 d/10 a, whereas those of the other three cultivars advanced.
On the contrary, flowering duration increased by 1.5—6.7 d/10 a. Pear flowering phenology was significantly
negatively correlated with daily mean temperature and maximum temperature in the preceding three months
(January — March) and one month (April) , but showed no significant correlation with precipitation or sunshine
duration. Moreover, the daily mean maximum temperature one month in advance (April) was identified as the
dominant meteorological factor affecting the initial and full flowering dates of pears in this region, indicating that
higher temperature during this period, especially when exceeding the historical average, is likely to advance flow-
ering. The statistical models based on key meteorological factors predicted pear flowering dates with an accuracy
of 98.2% —99.0% (P<C0.01). The occurrence of late frost showed a fluctuating decreasing trend at a rate of
3.1d/10 a, with the average number of late frost days decreasing by 3 days over the decade. Statistical results
during 2021 — 2022 revealed that flower frost rates of the four pear cultivars ranged from 14.8% to 31.4%.
[ Conclusion] The advancement of initial flowering and full bloom dates of pear cultivars, coupled with the short-
ening of late frost days, increased the risk of frost damage during flowering to cold-resistant pear cultivars in cold
regions.

Key words: pear; flowering phenology; cold regions;response to climate change ; flowering prediction model
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Table 1 Flowering phenology trends of four pear cultivars in Gongzhuling, Jilin Province during 2011— 2020

" 7 } 5 , -4 H § RN y
Floﬁvcgﬂ ng F4 ﬂ' Earﬁiidﬂf (% I%:Freﬁ;tde?e /\j;gg': (J:ite AR /d ?;ﬁi(ﬁr% %ﬂf(’)lé( é\lg P{E
Pear cultivar g H /d (ffzmg H /d (ffm& H/d  Range S P value
phenology Julian date) Julian date) Julian date) deviation Trend
4%E 1 K7 /K Yanbiandaxiangshui  04-23(113) 05-10(130)  04-31(120) 17 5.7 —8.5  0.028
Inmfléﬁfiﬁermg R EL Pingguoli 04-26(116) 05-15(135)  05-05(126) 19 6.1 —7.1  0.189
date WAL Pingxiangli 04-25(115) 05-15(135)  05-04(125) 20 6.8 —6.3  0.225
FEF %L Hanxiangli 04-25(115) 05-15(135)  05-05(126) 20 6.4 —6.1  0.186
4E 1 K7 /K Yanbiandaxiangshui — 04-24(114) 05-12(132)  05-02(123) 18 5.8 —8.3  0.268
Fﬁﬁfjm IR EL Pingguoli 04-27(117) 05-16(136)  05-06(127) 19 6.2 —4.7  0.374
date WAL Pingxiangli 04-26(116) 05-16(136)  05-06(127) 20 6.5 —5.6  0.048
€7 54 Hanxiangli 04-26(116) 05-16(136)  05-06(127) 20 6.6 —6.1  0.264
431 K7 /K Yanbiandaxiangshui — 05-02(122) 05-17(137)  05-07(128) 15 5.3 —6.9  0.014
Finaﬁfﬁmg 3L Pingguoli 05-01(121) 05-20(140)  05-13(133) 19 5.3 0.3 0.328
date WAL Pingxiangli 05-05(125) 05-21(141) ~ 05-12(132) 16 4.6 —2.5  0.693
FEFE AL Hanxiangli 05-03(123) 05-21(141)  05-12(132) 18 5.0 —1.5  0.573

RN AE 0. 05 F1 0. 01K P L2 R 2k . T,
Note:* and ** indicate significant differences at the 0. 05 and 0. 01 levels,respectively. The same below.
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Table 2 Correlations between flowering phenology and duration of pear cultivars and meteorological factors
B il Ly T Lo
Pear cultivar Phenophase M3 M1 M M3 M1 M
S A6 1
. ﬁnﬂ’:,ﬁ —0.899" —0.864" 0.333 —0.877" —0.909" 0.193
Initial flowering date
FEAE ) B i B - e " -
S Kok Full bloom date 0. 868 0. 881 0. 380 0.851 0.921 0.245
Y anbiandaxiangshui 3 . . . .
' gt _ ARIEm —0.841 —0.871 0.230  —0.836"  —0.897 0.084
Final flowering date
. A/Jgﬂkg . 0.272 0.130 —0.276 0.234 0.178 —0.264
Flowering duration
L
.. ﬁnﬁ%ﬁ —0.797" —0.842" 0.465 —0.844" —0.896" 0.323
Initial flowering date
A B e P B . - "
R Full bloom date 0.745 0. 854 0.411 0.796 0.892 0.242
Pingguoli e
Heguot L A —0.510 —0.839" 0.511  —0.574  —0.840° 0.412
Final flowering date
EMRE 0.747° 0.227 —0.034 0.727° 0.338 0.082
Flowering duration
L
. ﬁuﬁ/ﬁ;ﬁ —0.777" —0.868" 0.384 —0.799" —0.901" 0.212
Initial flowering date
BEAE I o . B - B . B . y
R Full bloom date 0.757 0. 867 0.408 0.790 0.901 0. 246
Pingxiangli ViR
nexiangt _RAEN —0.666 —0.948" 0.365  —0.650  —0.930" 0.279
Final flowering date
ZLE/E;H KB . 0. 648 0.445 —0.270 0.711" 0.537 —0.045
Flowering duration
i
. t”m% —0.761" —0.849" 0.419 —0. 806" —0.890" 0.267
Initial flowering date
BEAE ) P - o . - . - - .
AL Full bloom date 0.734 0.833 0.371 0.781 0.867 0.226
Hanxiangli
anet _RAEH —0.612 —0.928" 0.432  —0.627  —0.915" 0.343
Final flowering date
AR 0.671 0. 287 —0.190 0.753" 0.409 0. 006

Flowering duration
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Table 3 VIP values of comprehensive impacts of air temperature on pear flowering phenology
£ Ty T e min DTR
Flowering phenology M3 M1 M M3 M1 M M3 M1 M M3 M1 M
i
.. lz”ﬂiﬁ)}.& 1.16 1.26 0.67 1.20 1.31 0.57 1.01 0.99 0.65 1.11 1.12 0.45
Initial flowering date
< A 1.18 1.33 0. 60 1.39 0. 36 0.98 1.23 1.06 0.54 1.10 1.14 0.09
Full bloom date
ARAES] 1.05 1.36 0.71 1.05 1.34 0.62 0.95 1.25 0.72 0.98 0.98 0.62
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Table 4 Flowering phenology prediction models and validation results for pear cultivars in Gongzhuling, Jilin Province

1 T A A PE SEBIREUERE / %
Flowering phenology Prediction model P value Mean accuracy
B ﬁﬁj@ﬁg Y=158.965—0.410X,—0. 488X,+0. 068X;—0. 416X,—0. 415X, —0. 149X, — 0.004 8 99.0
Initial flowering date 0.292X,—0.528X;+0.010X,— 1. 551X,,—0.493X,,—0. 624X,
A I Y=126.565—0.375X,—0. 409X,+0. 380X,—0. 359X,—0. 360X;+0. 172X,— 0.003 3 98 2
Full bloom date 0.341X;—0. 400X +0. 412X,—0. 886X,,—0. 506X, +0. 091X,
Kt Y=168. 374—0.084X,—0. 645X,+0. 105X;—0. 104X, —0. 463X,+0. 001X, + 0.002 7 98. 6

Final flowering date

0. 161X, 0. 889X,+0. 487X, — 1. 548X,,— 0. 150X,,— 0. 923X,
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