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Abstract  
 
Like other temperate woody species, stone fruit trees (peach, nectarine, and apricot) must accumulate a specific amount 
of chilling during endodormancy and heat during eco dormancy for proper growth and development. Each cultivar has 
particular requirements, and special attention is needed to know them for an optimal decision support system. This paper 
aims to present the available information on the chilling- and heat requirements of peaches, nectarines, and apricots, 
focusing on the methods used for their determination. The results also reflected the necessity to standardize the 
methodology with the possibility of extending to new cultivars tested in different areas.  
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INTRODUCTION 
 
Like other temperate woody species, peach, 
nectarine, and apricots must accumulate a 
specific number of chilling units during 
endodormancy and heat during eco dormancy 
for proper growth and development. Each 
cultivar has specific requirements, and special 
attention is needed to know them for an optimal 
decision support system. 
This paper aims to present some available infor-
mation on the chilling and heat requirements of 
peaches, nectarines, and apricots, focusing on 
the methods used for their determination. The 
reviewed data were organized into five sections: (1) 
General data; (2) Endo dormancy: chilling hours 
accumulation. Models and adjusted models; (3)  
Comparison between models justified by local 
climatic conditions; (4) When endo dormancy 
ends and starts heat accumulation (eco 
dormancy); (5) Heat accumulation models and 
patterns studied for different cultivars. 
 
RESULTS AND DISCUSSIONS  
 
(1) General data  
Winter dormancy, the annual life stage of the 
tree between leaf drops and bud break, is the 
deciduous fruit tree mechanism to avoid damage 

from cold or freezing weather and has two stages 
that cannot be visually separated in the field. 
In the first part, called endodormancy, tree 
growth is limited in the plant. A certain amount 
of cool temperature is required to end this first 
stage. This is referred to as the Chilling 
Requirement. Temperatures between -1°C-
15.5°C contribute towards ending this first stage 
of winter dormancy, with temperatures between 
1.6°C-10°C contributing the most chilling 
(Niederholzer, Scalabrelli & Couvillon, 1986). 
In the second part of winter dormancy (eco 
dormancy), growth is controlled by an external 
factor - temperature. Each deciduous plant 
species requires a certain amount of heat to 
begin growing after the first stage of winter 
dormancy has been completed.  
In conclusion, deciduous fruit trees need some 
cool weather and warm temperatures to start 
growing. Different tree species need different 
amounts of chilling and warm temperatures to 
bloom and grow (Niederholzer). 
When the specific amounts of chill or heat are 
not completed, trees are affected by different 
disorders (Parker et al., 2019). 
Chilling and heat requirement is critical in 
selecting cultivars for a given geographical 
region. Chilling requirements are generally 
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largely satisfied in the temperate zone before the 
end of the cold season. Flowering happens too 
early, and low temperatures can induce an 
essential yield loss by frost.  
Late blooming in stone fruit has been the 
objective of most breeding programs.  
In subtropical areas, insufficient chilling is an 
economic problem. Symptoms of insufficient 
chilling are delay in flower and vegetative bud 
break, bud breaks spread over an extended 
period, or, in severe cases, a total lack of bud 
break.  
Cross-pollination is needed in the field, so cross-
compatible and simultaneously flowering culti-
vars must be selected as cultivars with similar 
chilling and heat requirements (Razavi, 2011). 
Since the accumulation of temperature in the 
first 30 days after bloom plays a decisive role in 
fruit phenology, it has been found that 
increasing its temperature more than the 
specified temperature during spring after 
flowering in peach trees causes problems in the 
formation of fruit in these trees. Growing degree 
hours accumulate during the first 30 days after 
bloom reduces the number of days between the 
full bloom date and the reference date (Lopez & 
Dejong, 2007). 
Investigating the growth pattern and 
phenological stages of early-maturing peach 
trees in the Mediterranean region showed that 
after 225 cold units to break dormancy, 6,244 
growing degree hours (GDH) are required to 
reach full bloom, and 27,106 GDH are required 
before harvesting the fruit. About growing 
degree days (GDD), the heat requirement for full 
bloom was 329, and for fruit, harvesting was 
1246 (Mounzer et al., 2008). It has been 
explained that by increasing the duration of the 
plant's exposure to chilling, the time and heat 
accumulation of breaking flower buds in 
peaches decreases exponentially (Okie & 
Blackburn, 2011). The study of peaches and 
nectarines cultivars found that the intensity of 
rest was lower in the flower buds. The resting 
intensity in the flower bud accompanied by 
chilling is reduced with a lower ratio than the 
leaf bud. In addition, it was found that the flower 
and leaf buds had different endo-dormancy 
depths but almost similar chilling requirements 
(Gariglio et al., 2006). It has been explained that 
terminal vegetative buds have a lower chilling 
requirement in the peach plant than lateral 

vegetative buds and flower buds. Meanwhile, 
the cold requirement in lateral vegetative buds 
and flower buds of the Redhaven cultivar was 
almost similar. In addition, it has been found that 
a temperature of 7.2°C is effective in meeting 
the cold requirement compared to 2°C or 3°C. 
Increasing the duration of chilling (2,040 hours) 
decreased the hours of growing degree required 
for the opening of vegetative buds regardless of 
temperature. However, the growing degree 
hours required for the flower buds were reduced 
by increasing the chilling duration to 7.2°C 
(Scalabrelli & Couvillon, 1986). The 
investigation has shown that the number of days 
to full bloom and the heat requirement for 
blooming peach trees negatively correlated with 
the accumulated chilling hours. In addition, it 
was found that the accumulated chilling hours 
had a significant negative correlation with the 
fruit shape index and fruit tip lengths. This issue 
confirms the effect of the number of chilling 
hours on the appearance of the fruit in 
dimensions and size. Hence, reducing the 
number of chilling hours during winter delays 
the bloom date in the tree and leads to the 
production of deformed fruits in peach. This 
issue can also be applied to other fruit trees in 
temperate regions (Yong et al., 2016).   
Today, there are concerns about climate change 
and the lack of chilling requirements in trees 
with high chilling requirements (Parker & 
Abatzoglou, 2019). The study of 69 Japanese 
apricots found that the chill requirement in these 
cultivars ranged from 24 to 82 chill portions 
based on the dynamic model. The heat 
requirement in these cultivars was also observed 
between 691.9 and 2634.7 growing degree 
hours. The difference in the cold requirement of 
the studied cultivars makes it possible to select 
suitable cultivars for each region with specific 
climatic conditions (Zhuang et al., 2016). 
 
(2) Endo dormancy: chilling hours 
accumulation. Models and adjusted models 
The primary parameter in all the algorithms is 
the temperature. It can be measured by data 
loggers or specific sensors attached to meteo 
stations. Nowadays, there are many meteo data 
available worldwide on different platforms.  
https://www.ecad.eu/ presents an international 
meteo station with free daily data for 50-100 
years in the past. ECA & D receives data from 
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85 participants from 65 countries, with 13 
elements at 23,335 meteorological stations. 
Other local meteo stations (on site) with free 
data or not are https://fruitsandnuts.ucdavis. edu/ 
chill-calculator, https://www.meteoblue.com, 
input companies (Syngenta, Bayer, etc.) and 
more.  
Temperature can be recorded daily (Tmin., 
Tmax., Tavg.), hourly, 30 minutes, 15 minutes, 
etc. In the phenology algorithms, hourly 
temperature is used. If this is not available,  there 
are more algorithms to transform daily data into 
hourly temperature (Chow & Levermore, 2007; 
Chițu, 2010).   
The most used models to quantify the chilling 
hours are: 
The chilling hours model (known before the 
1950s) has been widely used for its simplicity 
and ease of use.  
 Establishes that a cold hour (CH) 

corresponds to an hour with a temperature 
value between 0 and 7.2°C (this range of 
temperatures is considered to affect 
dormancy completion).  

 Temperatures below 0°C do not affect 
slowed biological processes, and those 
above 7.2°C (45 F) were considered not low 
enough to affect dormancy completion. 

Hutchins (1932), cited by Weinberger (1950); 
Richardson et al. (1975); Anderson et al. (1986). 
 
The Utah model  
 is based on the quantification of cold units 

(CU);  
 establishes different temperature ranges with 

different contributions to dormancy 
completion;  

 One cold unit corresponds to one hour for 
temperatures between 2.5-9.1°C, considered 
most effective in completing dormancy; 

 Other temperature ranges have: 
 0.5 unity (1.5-2.4°C and 9.2-12.4°C),  
 zero contribution (<1.4°C and 12.5-15.9°C) 

or  
 negative (>16°C) at rest. 
Richardson et al. (1974). There are more 
variations of the model, like the North Carolina 
model (Shaltout & Unrath, 1983; Anderson & 
Seeley, 1992), the Positive Utah model (Linsley-
Noakes & Allan, 1994), Modified Utah Model 
(Linvill, 1990), in the effort to simulate the local 
conditions better.  

The dynamic model (initiated in the 1980s): 
 proposes accumulating an intermediate value 

according to low temperatures that can be 
reversed by higher temperatures (first stage).  

 Once the value has reached a certain level, 
cold portions are added permanently, 
unaffected by higher temperatures. 

Fishman et al. (1987), Luedeling (2012), 
https://ucanr.edu/sites/fruittree/How-to_Guides/ 
Dynamic_Model_-_Chill_Accumulation/ 
(University of California), Fadón et al. (2020), 
Pantelidis & Drogoudi (2023).  
The importance is given to the sequence of 
temperatures during the cold season. Similar 
temperatures at different times of the season can 
affect chill accumulation differently. 
 
(3) Comparison between models justified by 
local climatic conditions 
Researchers applied the existing chilling 
accumulation models in different cultivation 
areas and compared the results with the field 
reality (Luedeling, 2012; https://fruitsandnuts. 
ucdavis.edu/chill-calculator). 
Miranda et al. (2021) published “fruclimadapt: 
An R package for climate adaptation assessment 
of temperate fruit species”, describing the 
functions defined for chill hours(), chill_units(),  
chill_portions(), GDD_linear(), GDH_linear(), 
and GDH_asymcur().  
Luedeling (2012) and most researchers compa-
red at least two to three methods on specific 
cultivars for calibration. In the Lueding (2012) 
study, the Dynamic model was considered the 
best model for the species applied.  
Zhu et al. (2022), in the study of flowering 
phenology in peaches and comparing different 
models with the purpose of monitoring 
flowering, found that the investigation of 
phenology based on BBCH comparison and the 
use of the random effect model in comparison 
with other models provides researchers with 
more accurate information. The highest score 
(98.82) correlated with the harmonic average of 
model accuracy and recall was obtained in this 
model. It is worth noting that real-time images 
recognize the specific color range and area, and 
the information related to the heat requirement 
improves the model's performance. This 
information facilitates the management of plant 
breeding, such as heat stress management, water 
requirements, and breeding programs.  
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The comparison of two critical data models and 
critical chilling models by Miranda et al. (2013) 
in Peach in Spain determined that the critical 
chilling models were at least 40% more efficient 
than the critical data model. Because in the 
critical chilling model, the chilling temperature 
was also calculated during the dormancy period. 
The results showed that the evolution of diffe-
rent phenological stages in the studied peach 
cultivars can be predicted with high efficiency 
by simple sequential statistical fitted models. In 
these models, chilling was evaluated by 
dynamic methods and forcing heat accumulation 
by growing degree sums. This model is applied 
to a wide range of climatic conditions of peach 
cultivation (Miranda et al., 2013). 
In the study of the chilling and heat requirement 
of 63 nectarine genotypes and 118 peach 
genotypes over seven years, it was determined 
that the Luedeling model, compared to the 
Alonso model, was more successful in 
estimating the chilling and heat requirement in 
Argentina's climate conditions. In addition, 
chilling accumulation could be calculated using 
Chilling hours or positive Utah models (Maulion 
et al., 2014).  
The study of peaches and nectarines in different 
climatic conditions showed that the chill 
accumulation in Murcia-Torre Pacheco (Spain) 
was 45 chill portions, in Coneo (Italy) and 
Bucharest (Romania), 97-98 chill portions. 
After earlier blooming in relatively cold areas 
and with a delay of 7-11 days in warmer areas, 
it can be explained that the bloom time is 
significantly affected by the delay of rest 
completion in those areas. The dynamic model 
performed better than others in predicting the 
bloom date (Drogoudi et al., 2023). 
Another method for estimating chilling 
requirements in temperate trees, such as peach, 
can be using a portable E-nose. In the peach tree, 
the use of the E-nose method and the Partial 
Least-Squares Regression (PLSR) quantitative 
analysis model successfully estimated the 
chilling requirement. This method can also be 
used in other fruit trees (Yan et al., 2021). 
 
(4) When endo dormancy ends and starts 
heat accumulation (eco dormancy) 
There are more methods to estimate the point 
where to stop counting the chilling accumulation 
and when to start counting the heat amount:  

- Take the shots in the laboratory and make 
observations in a controlled environment. 
In the research of Milech et al. (2022), it was 
found that the Tabuenca test, which is based on 
the difference in the dry weight of the bud, has 
shown excellent and acceptable performance in 
estimating the end of dormancy in peaches. It 
has been explained that the d+ 7.2ºC and d+ 
11ºC models are helpful and efficient in 
calculating chilling accumulation. According to 
the d+ 11ºC model, the number of hours required 
to complete dormancy for the BRS Bonão, 
Esmeralda, Granada, and Eragil cultivars was 
180, 250, between 300 and 400 and more than 
500 hours, respectively (Milech et al., 2022). 
- Recurrent algorithms (Gaylen et al., 1977).  
Where temperature and complete bloom data are 
available, but the end of rest data are not known, 
the constants can be accurately estimated with 
several steps through a recurrent algorithm. It 
starts with an estimation of the CU requirement, 
followed by an estimated date for the end of the 
rest. Calculate GDH accumulation until the 
observed date of full bloom for at least six years 
of data. Calculate the standard deviation for the 
GDH accumulations and repeat the steps.  
 
(5) Heat accumulation models and patterns 
studied for different cultivars 
Since 1730, when Reamur introduced the 
concept of the heating unit (McMaster & 
Wilhelm, 1997), many methods have been 
developed. GDD (growing degree days) and 
GDH (growing degree hours) are the most 
known.  
GDD (growing degree days) collects the days 
when the average temperature exceeds a certain 
threshold specific to each species.  
GDD = Tavg – Tbase, if Tavg ≥Tbase 
GDD = 0, if Tavg < Tbase  
McMaster & Wilhelm (1997) highlight the basic 
formula for GDD (Tmin./Tmax.).  
 
GDH (growing degree hours) is defined by 
Richardson et al. (1974) as: 
(1) GDH = F*A/2 (1+cos (π + π (TH-TB)/ (TU-
TB))), where:  
TH = hourly temperature,  
TB = base temperature (4°C for trees),  
TU = optimal temperature (25°C for trees) 
TC = critical temperature (36°C in trees),  
A = TU-TB,  
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F = a stress factor (due to biotic/abiotic factors).  
In most of the research until now, F was 
considered = 1  
(for ex. Nutrition status, system planting - where 
the Vertical axis can lead to one-week 
harvesting airlines than Trident, etc.) 
(2) GDH = F*A (1+cos (π/2 + π/2 (TH-TU)/ 
(TC-TU))) 
If TH < TU equation (1) is used, if TH>=TU, (2) 
(Gu, 2016). 
How many GDH are needed to bloom (BBCH 
67) or to be ready for harvesting (BBCH 87) 
for peach/ nectarine/ apricot for a specific 
cultivar? 
In the literature are at least two methods: (1) take 
the shoots in the laboratory and make 
observations in a controlled environment 
(Valentini et al., 2004; Pantelidis et al., 2022); 
(2) make observations in the field and 
summaries with multiannual data (Richardson et 
al. (1975), Scalabrelli & Couvillon (1986), 
Roman et al. (1998), Citadin et al. (2001), Marra 
et al. (2002), Ruiz et al. (2006), Ruiz et al. 
(2007), Mounzer et al. (2008), Litschmann et al. 
(2008), Razavi (2011), Miranda et al. (2013), 
Guo et al. (2015), Kwon et al. (2020), Fadón et 
al. (2020), Rodriguez et al. (2021), Atagul et al. 
(2022), Drogoudi et al. (2023).  
More details in research found were on the 
prediction of the harvest day correlated to GDH 
in the first 30 or 60 days after blooming: 
 Peach and nectarine: correlation between 

GDH30 (Mimoun & DeJong, 1999) or 
GDH60 () with the harvest day.  

 Determine the GDH30 and GDH60, and 
pruning can be applied to avoid smaller 
fruits if there is an earliness in the harvest 
time.  

UC DAVIS – extension services for farmers: 
(https://fruitsandnuts.ucanr.edu/Weather_Servi
ces/Harvest_Prediction__About_Growing_Deg
ree_Hours/) 
The researchers suggested that the blooming 
time is more affected by heat. As more heat 
accumulates, blooming in peach trees in Spain 
and Greece has also occurred earlier (Pantelidis 
et al., 2022). It has also been reported that heat 
accumulation after bloom is one of the critical 
factors in the harvest date and fruit development 
(Day et al., 2008). 
Different cultivars of Prunus persica (L.) Batsch 
have different heat requirements for blooming 

and leafing. DellaNona and BR-1 cultivars had 
high heat requirements. However, a moderate 
heat requirement was observed in Planalto, 
Sunlite, and Eldorado cultivars.  The heat 
requirement of Precoconho and Riograndense 
cultivars was also low compared to the other 
cultivars. During eco dormancy, the thermal 
requirements of vegetative and flower buds 
differed. Therefore, the results showed that 
prolonging chilling increased leafing compared 
to blooming (Citadin et al., 2001).  
The study of different cultivars of apricot and 
peach showed that the cultivars' time to remove 
dormancy differed. This time in apricots was 
from late December to early February and in 
peaches from late December to mid-January. 
Furthermore, the results showed that the 
growing degree hour accumulations and 
growing degree day accumulations are reliable 
and effective methods for estimating the heat 
requirement in trees (Valentini et al., 2004).  
The study of heat requirement in 136 peach 
cultivars for eight growing seasons showed that 
its range differed between the studied years from 
1362 to 10,348 growing degree hours. This 
study observed a positive correlation between 
the bloom date and chilling requirement and a 
negative correlation between the chilling 
requirement and the heat requirement. In 
addition, it was found that the base temperature 
in each genotype must be determined accurately 
to determine the heat requirement accurately. 
The type of different genotypes of peach in the 
heat requirement provides the possibility of 
using them in breeding programs and 
introducing the cultivars capable of cultivation 
in regions with different climatic conditions 
(Atagul et al., 2022). 
The study of 100-year data in Korea related to 
the chilling and heat requirement of peach 
cultivars showed that the chilling requirement of 
15 investigated cultivars was between 263 and 
2,123 chill hours, 377 and 1,134 chill units, 21.3 
and 74.8 portions chilling. In the comparison 
between the models (Chill Hours, Utah, 
Dynamic, North Carolina, and Low Chilling 
models), it was also found that the dynamic 
model had the highest accuracy and the lowest 
changes between the years. In the next place was 
the Utah model. The range of heat requirement 
varied between 4,825 and 5,506 growing degree 
hours and was positively correlated with 
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flowering time. During the 100 years studied, in 
the Utah and chill hours models, the start of 
chilling accumulation was delayed by 10 to 12 
days (Kwon et al., 2020).  
 
CONCLUSIONS 
 
Fruit growing stages is an old research field with 
many steps made in the research network. 
Modeling the processes and transferring them in 
the deep learning machines were followed in 
more regions of the world.  
Stone fruits were highly researched, and 
nowadays, accurate algorithms can be applied in 
different support decision systems with 
reasonable accuracy.   
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