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Abstract

Background
Bud dormancy in deciduous fruit trees enables plants to survive cold weather. The buds adopt dormant
state and resume growth after satisfying the chilling requirements. Chilling requirements play a key role in
�owering time. So far, several chilling models, including ≤ 7.2 °C model, the 0–7.2 °C model, Utah model,
and Dynamic Model, have been developed; however, it is still time-consuming to determine the chilling
requirements employing any model. This calls for e�cient tools that can analyze data.

Results
In this study, we developed novel software Chilling and Heat Requirement (CHR), by �exibly integrating
data conversions, model selection, calculations, statistical analysis, and plotting.

Conclusion
CHR is a tool for chilling requirements estimation, which will be very useful to researchers. It is very
simple, easy, and user-friendly.

Background
The chilling requirements (CR) [1] refer to the value of low temperature required for deciduous fruit trees
to overcome their natural dormancy. It is an important quantitative index for measuring their dormant and
dormant release characteristics. Only a deciduous fruit tree that satis�es a certain level of chilling
requirements can break the dormancy and carry out a normal series of growth and development;
otherwise, the germination, �owering, �ower bud differentiation, fruit development, and yield will be
adversely affected [2]. With the environmental pollution and global warming, the chilling requirements of
fruit trees is affected, which leads to early germination, poor fruit development, small fruit volume and
uneven ripening time, resulting in economic loss to farmers [3–6].

There are several models for calculating the chilling requirements. Based on their regularity, the models
can be roughly divided into two types: distribution functions (type I) and dynamic models (type II). In type
I, Weinberger [7] �rst proposed the low-temperature hour model (0–7.2), which is still widely used today.
Some models have a smaller range of low temperature conversion than 0–7.2, so the calculation results
conform well to the natural law. Due to the difference in temperature conversion range, some models
such as North Carolina Model (NC) [8] and Positive Utah Model [9] are more effective for speci�c regions
[10]. The dynamic model is different from other models in that it calculates chilling requirements through
dynamic two-step processes [11–13]. In this model, since more factors are considered than other models,
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and the repeatability is excellent in both cold and warm regions, it is regarded as the best model [6].
However, due to its complexity, its application is limited.

At present, there is no independent interface visualization tool for the calculation of cooling demand. The
traditional treatment method makes the statistics di�cult for researchers and fruit growers. The
developed CHR is an entirely independent tool. It offers robust statistical results for different models, only
by providing temperature data. CHR carries out simple analysis and drawing functions to implement the
rules of each model.

Implementation
We show an overview of the CHR work�ow in Fig. 1. Firstly, the data are saved in .txt format, and the
saved data can be used to calculate daily maximum, minimum, and average values, and the trend of
change can be observed through the drawing function. The data can also be used to calculate the chilling
requirements and GDH, and the results can be further used to draw or evaluate the model. 0–7.2, Utah,
GDH, and dynamic models are compiled with python, and designed by pyqt5. The drawing tools are
implemented by Matplotlib and Seaborn.

Variability setting of model parameters
In order to achieve the convenience of the model parameter setting, the model parameter is set to the
default parameters and assigned to a variable. When researchers change parameters, the value of a
variable is also altered, and the rationality of parameter settings is veri�ed before the execution of the
program.

Creation of custom model tool
In order to facilitate the researchers to set up a unique model for the region and to realize type I model,
including 0–7.2 and Utah, we developed a custom model tool. When the researcher sets up the model, the
conditions are grouped into arrays after importing the data. Then the data are traversed through the
arrays and transformed into valid values.

Type I models
Type I models, namely, 0–7.2, Utah, low- chilling (LC), North Carolina (NC) and others, all conform to the
law of distribution function, and the operation mode is similar. Researchers can modify the range of the
model and the effective value corresponding to each range according to the characteristics of the area
under study can be determined to obtain a unique model suitable for the area. The smaller the
transformation is, the more natural and complicated the model is.

0–7.2 model
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Dynamic model
The dynamic model is different from other models. This model is based on the unit response curve of
cold temperature and takes into account the nonlinear response of cold temperature to time [11–12, 14].
The level of dormancy completion depends on the accumulated level of dormancy breaking substances.
This process is completed in two steps. First, intermediate products are induced by low temperature. At
this time, the intermediate products are unstable and can be destroyed by hot temperature; their rate of
formation and degradation follows the Arrhenius equation. When the intermediate reaches a certain
threshold, it becomes a stable product. The complete equation was derived by [13].
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Parameters in the dynamic model can be calibrated for each individual cultivar. Its parameters are A0, A1,
E0, E1, slp, and tetml, which are usually set to 1.395 × 105, 2.567 × 1018, 4153.5, 12888.8, 1.6 and 277.

Forcing model
GDH (Growing Degree Hours) was proposed by Anderson [15] and Luedeling [13] developed it further. It
considers hourly temperatures (Th), as a function of a base (Tb), an optimum (Tu), and a critical (Tc)
temperature. The underlying assumption is that heat accumulates, when temperatures range between Tb
and Tc, with maximum accumulation at Tu. For temperatures between Tb and Tu, the corresponding
equation is:
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Result

Data preparation
The temperature recorder continuously monitors the changes in temperature, which results in the
recording of multiple temperatures in an hour. The tool averages data recorded per hour, helping
researchers quickly obtain hourly data.

Chilling and Forcing model
The calculation method of the type I model is the same as that of the forced model. After inputting the
data, the researcher obtains three calculation results, namely, chilling accumulation per hour, for the
whole day, and cumulative from the �rst day. The calculation method of the dynamic model is different
from other models, and the result of calculation gives the amount of stable productions. Researchers can
further analyze the data obtained.

Model analysis and Drawing function
The choice of the chilling model in the planting area is very important. If the model is not appropriate, it
will not help fruit growers to make correct decisions. The comparative analysis of the CHR model is
based on the principle of the linear regression model. This function can be used to linearize the data (y = 
kX + b), determine 95% con�dence intervals, observe the outliers, and select the appropriate model.

The tool also offers simple temperature data analysis and mapping. Researchers and fruit growers can
use these two functions to calculate the maximum, minimum, and average values of the daily
temperature, drawing function includes trend of the selected model maximum, minimum, and average
values of the daily.

Discussion
The traditional calculation method of chilling accumulations is cumbersome. It also does not work well
while analyzing complex models, such as dynamics. This led researchers to spend more time on model
calculations rather than analysis. CHR tool is the �rst entirely independent interface visualization tool,
which is easy to operate, set parameters, and does not require knowledge of the programming language.



Page 7/18

This tool can realize most chilling models but incorporates only GDH model of heat requirements, which
will be further improved in future development.

Conclusions
Here we report CHR, a tool for chilling requirements estimation, which will be very useful to researchers. It
is very simple, easy, and user-friendly. All sample data, software instructions and software can be
obtained from https://github.com/Chilling-requirements/Chilling-software/releases.

Declarations

Availability of data and materials
The tool is open source and available from Github.

Ethics approval and consent to participate
Not applicable.

Consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Funding
This work was supported by the National Natural Key R&D Program of China (2018YFD1000606-3).

Authors’ contributions
CC and WT implemented the software. WL and XY wrote the manuscript. GN and BS supervised the
chilling requirements experiments. All authors read and approved the �nal manuscript.

Acknowledgements
We greatly appreciate the ChillR from Luedeling
(https://cran.rstudio.org/web/packages/chillR/index.html), which was used to verify the accuracy of



Page 8/18

CHR.

Author details

1State Key Laboratory of Tree Genetics and Breeding, Non-timber Forest Research and Development
Center, Chinese Academy of Forestry, Zhengzhou, China.2Kernel-Apricot Engineering and Technology
Research Center of State Forestry and Grassland Administraion, Zhengzhou, China.3Key Laboratory of
Non-timber Forest Germplasm Enhancement and Utilization of National Forestry and Grassland
Administration, Zhengzhou, China.4Forestry Disaster Emergency Management O�ce, Tongliao, China.

References
1. Samish RM. Dormancy in woody plants. Annu Rev Plant Physiol. 1954;5:183–204.

https://doi.org/10.1146/annurev.pp.05.060154.001151.

2. Lang GA, Early JD, Martin GC, Darnell RL. Endo-, para-, and eco-dormancy:physiological terminology
and classi�cation for dormancy research. Hortic Sci. 1987;22:371–7.

3. Saure MC. Dormancy release in deciduous fruit trees. Hortic Rev.1985;7:239–300. https://doi.org/
10.1002/9781118060735$4ch6.

4. Voller CFP. Predicting rest-breaking: principles and problems. Decid Fruit Grow. 1986;36(8):302–8.
http://dx.doi.org/10.7554/eLife.23609.014.

5. Oukabli A, Bartolin S, Viti R. Anatomical and morphological study of apple (Malus X domestica
Borkh.) �ower buds growing under inadequate winter chilling. Hortic Sci Biotechnol. 2003;78(4):580–
5. https://doi.org/10.1080/14620316.2003.11511667.

�. Darbyshire R, Webb L, Goodwin I, Barlow S. Winter chilling trends for deciduous fruit trees in
Australia. Agric For Meteorol. 2011;151(8):0–1085. https://doi.org/10.1016/j.agrformet.2011.03.010.

7. 10.1007/BF01927760
Weinberger J. Chilling requirements of peach varieties. Proceedings American Society for Hortic
Sci.1950;56:122–128. https://doi.org/10.1007/BF01927760.

�. Shaltout AD, Unrath CR. Rest completion prediction model for Starkrimson Delicious apples. J Amer
Soc Hort Sci. 1983;108(6):957–61.

9. Linsley-Noakes GC, Allan P. Comparison of two models for the prediction of rest completion in
peaches. Sci Hortic. 1994;59(2):107–13. https://doi.org/10.1016/0304-4238(94)90077-9.

10. Luedeling E, Brown PH. A global analysis of the comparability of winter chill models for fruit and nut
trees. Int J Biometeorol. 2011;55(3):411–21. https://doi.org/10.1007/s00484-010-0352-y.

11. Fishman S, Erez A, Couvillon GA. The temperature-dependence of dormancy breaking in plants—
computer-simulation of processes studied under controlled temperatures. J Theor Biol.
1987;126:309–21. https://doi.org/10.1016/s0022-5193(87)80237-0.

12. Fishman S, Erez A, Couvillon GA. The temperature dependence of dormancy breaking in plants:
mathematical analysis of a two-step model involving a cooperative transition. J Theor Biol.



Page 9/18

1987;124:473–83. https://doi.org/10.1016/S0022-5193(87)80221-7.

13. Luedeling E, Zhang M, Mcgranahan G, Leslie C. Validation of winter chill models using historic
records of walnut phenology. Agric For Meteorol. 2009;149(11):0–1864.
https://doi.org/10.1016/j.agrformet.2009.06.013.

14. Erez A, Fishman S, Linsley-Noakes GC, Allan P. The dynamic model for rest completion in peach
buds. Acta Hortic. 1990;276:165–74. https://doi.org/10.17660/ActaHortic.1990.276.18.

15. Anderson JL, Richardson EA, Kesner CD. Validation of chill unit and �ower bud phenology models for
‘Montmorency’ sour cherry. Acta Hortic. 1986;184:71–8.https://doi.org/
10.17660/ActaHortic.1986.184.7.

Figures

Figure 1

An overview of the CHR work�ow
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Figure 2

Recorded data
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Figure 3

Transformed data
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Figure 4

0-7.2 model
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Figure 5

Utah model
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Figure 6

Custom model



Page 15/18

Figure 7

Dynamic model
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Figure 8

GDH model

Figure 9

Model analysis
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Figure 10

Change trend of CR

Figure 11

Change of the max and min temperature
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ChillingandHeatRequirementManual.docx
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