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Abstract: Studies on variations in chilling and heat accumulation in apple trees and their effects on
first flowering date under climate change are important for guiding apple planting and productions.
In this study we carried out experiments in representative stations of apple planting areas in the
northern China including Fushan of Shandong Wanrong of Shanxi Xifeng of Gansu and Akesu of
Xinjiang. The first flowering data and hourly temperature data during 1996-2018 were used to cal-
culate the daily chilling and heat accumulation units by applying the dynamic model and growing
degree hour model. Partial least squares regression ( PLS) correlated daily chilling and heat units
with the first flowering dates was used to identify the chilling and heat accumulation periods for
apple flowering. We evaluated the impacts of temperatures during these periods on apples’ flowering.

Our results showed that the chilling accumulation period of apple trees in the examined sites started
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at October 1 ended in late February or mid-March with chilling accumulations of 74.1-89.3 CP
( chill portion) . The heat accumulation periods were from late January to the first flowering dates
with the heat accumulation of 4010-5770 GDH ( growing degree hour) . The chilling accumulation
at Xifeng and Akesu was correlated positively with mean temperature during the respective accumu—
lation period with 3.8 and 5.0 CP enhancement following 1 °C increase during the accumulation
period. Heat accumulation at all stations correlated positively with mean temperature during the
respective accumulation period with 725-967 GDH enhancement following a 1 “C increase during
the accumulation period. Compared to the effects of chilling accumulation on tree flowering the first
flowering data of apples in the main planting areas were mainly affected by mean temperature during
the heat accumulation period. Climate warming is beneficial for apple blossom and production in the

areas with low mean temperature during the chilling accumulation period.
Key words: Fuji apple; chilling requirement; heat requirement; first flowering date.
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Table 1 Average date of first flowering in the main apple
16 planting areas of the northern China from 1996 to 2018
16 22 30 - Area Longitude  Latitude  Altitude Average Tendency
( PLS) (B (N (m) dwed (ae100)
1rst
N flowering
(DOY)
N ° Fushan 121°15° 37°30° 33.9 110 -2.0
( VIP) 2 Wanrong  110°50°  35°24"  589.6 99 27
o VIP N Xifeng 107°63" 35737 1421.0 109 -33
Akesu 80°14~ 41°10©  1105.3 104 -2.1
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Fig.1 Results of partial least squares regression ( PLS) between daily chilling ( a) and heat accumulation rates ( b) and first flower—
ing dates in Xifeng from 1996 to 2018.
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top panel indicated the threshold for variable importance ( VIP) were greater than 0.8. In the middle panels red and green bars represented negative and

Blue bars in the

positive model coefficients respectively while the grey indicated no significant correlation. The black line in the bottom figure standed for the mean daily

chilling and heat accumulation bars showed the standard deviation with colors following the same pattern as for the model coefficients.
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Table 2 Estimates of the chilling and heat accumulation periods accumulations and their standard deviation ( SD) of apple
in the main apple planting areas of the northern China from 1996 to 2018

Chilling accumulation Heat accumulation

Area + .
Accumulation Amount+SD Accumulation period Amount+SD
period (CP) ( GDH)
Fushan 10-06—03-04 79.8+5.6 01/29-04/1001-29—04-10 4010x1161
Wanrong 09-24—02-19 76.2+5.2 02/06-04/0802-06—04-08 5770+1368
Xifeng 0922—03-19 89.3+6.3 01/27-04/190127—04-19 5303+1325
Akesu 09-30—03-14 74.1+6.6 01/19-04/0701-19—04-07 4988+1276
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Table 3 Interannual trend of the chilling and heat accu- 8 . .

mulation of apple and its correlation to temperature varia— .

tion during the chilling and heat periods in the main apple 6l :

planting areas of the northern China from 1996 to 2018 Wﬁ iLng

Area Chilling accumulation Heat accumulation
Variation Variation
tendency Correlation to tendency Correlation to
(CPe+a™ temperature (GDH +a™!)  temperature
change change
(CpeC™h (GDH ¢
Fushan -0.1 2.7 39 821 % **
Wanrong 0.0 1.9 135 967 % * *
Xifeng -0.1 3.8" 12** 9027 * * *
Akesu 0.2 5.0° 121%* 7257 ¥
* P<0.05; * % P<0.01; * % % P<0.001.
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Fig.2 Influence of the mean temperature during the chilling
and heat periods on the first flowering data in the main apple

planting areas of the northern China from 1996 to 2018.

N N N N o

) N
Gray orange blue and red in the picture represented Fushan Wanrong
Xifeng and Aksu respectively. The point represented the combination of
the mean temperature in the chilling and heat accumulation periods the
line represented the distribution of the first flowering data ( DOY) and
the slope represented the relative influence of the mean temperature dur—
ing the chilling and heat accumulation periods on the first flowering data.
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