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Analysis of Chilling Requirement Variability for
Dormancy Release in Temperate Fruit Trees under
Climate Change

Abstract

Taiwan is located in a subtropical climate zone. However, due to its diverse topography
and higher elevations, along with continuous advancements in agricultural science and
technology, some regions have successfully developed mature cultivation and production
techniques for various temperate fruits, including pears, persimmons, peaches, plums, and
grapes. In recent years, there has been a significant shift in the total area of fruit tree
cultivation around Taiwan. Compared to tropical and subtropical fruits such as mangoes,
bananas, and pineapples—whose cultivation areas have remained stable with slightly
increasing—the cultivation area of temperate fruit trees has shown a steady decline year by
year.

Climate change has disrupted the dormancy-breaking process of temperate fruit trees
varieties grown in low to mid-elevation areas. Although temperate fruit trees can utilize
hydrogen cyanamide or calcium cyanamide to reduce the chilling units (CU) required for
dormancy breaking, however, research on application rates and timing in Taiwan is still in the
initial stages. This study analyzed the chilling requirements for temperate fruit trees to break
dormancy under current and future climate change scenarios, including analysis of trends in
chilling accumulation and spatial differences across Taiwan. This study aims to support
proactive development of adaptation strategies for temperate fruit crops against climate
related impacts.

This study conducted relative location-based CU analyses by using the AR5 HIRAM
dynamically downscaled climate projection data from the TCCIP and along with land cover
maps of farmland dedicated to temperate fruit trees provided by the Agricultural Research
Institute. Taichung City is one of the major regions for temperate fruit cultivation in Taiwan,
with pears, persimmons, and peaches accounting for 68%, 72%, and 62% of the nation’s total
cultivation area, respectively. These fruits are mainly grown in the districts of Heping,
Dongshi, and Xinshe. The analysis shows that the current (year 1995-2014) average for
mid-to-low altitude planting areas is 60 CU, the average is 30 CU under 2°C scenario of
global warming (2034-2053), while at 4°C warming (2073-2092), it drops to 9 CU. Analysis
results of high-altitude areas, current average is 841 CU, but decreasing to 611 CU by
mid-century and 364 CU by the end of the century, respectively. These findings initial indicate
that significant reductions in chilling units compared to the present, which may lead to issues
such as reduced flowering, uneven blooming, poor shoot development, or abnormal fruit
growth in temperate fruit trees.

The research results can be further applied to planning and building local agriculture
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adaptive capacity for crop variety changes and agricultural system transformation, including
assessment of the suitability of current crop locations under climate change, reviewing
traditional cultivation and management practices for necessary adjustments in warming
scenarios, and planning for variety improvement and planting location strategies.

Keywords: Climate change, Temperate fruit trees, Chilling units, Agricultural system
transformation, Adaptive capacity
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