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Bud dormancy evolution in apple genotypes
with contrasting chilling requirements

Rafael Anzanello', Flavio Bello Fialho?, Henrique Pessoa dos Santos?

Abstract - This work evaluates how thermal regimes with constant or oscillating temperatures
affect the onset and overcome of endodormancy in apple buds with low (‘Castel Gala’) and high
(‘Royal Gala’) chilling requirements. Apple twigs were collected in Papanduva-SC orchards
during the autumn/winter of 2010 and 2011, and submitted to constant (3°C) or cycling (3/15°C
for 6/18h, 12/12h or 18/6h) temperatures for up to 1466 chilling hours (CH). Periodically, a portion
of twigs in each treatment was transferred to 25°C, for budburst evaluation. An environmental
stress in 2010 caused premature leaf fall on the field, reduced initial budburst in ‘Royal Gala’
samples and interfered with dormancy onset in both cultivars. Cycling temperature treatments
with few CH/day decreased partially this effect, allowing buds to enter a dormancy state more
efficiently. No significant stress was observed in the orchard in 2011, when dormancy evolution
was similar in all thermal treatments, being induced with 54 and 123 CH and overcome with 363
and 662 CH for ‘Castel Gala’ and ‘Royal Gala’, respectively. Apparently, the manner in which
apple bud dormancy is induced affects its depth and consequently the total number of chilling
hours required to overcome it, making the onset phase fundamental in dormancy studies.

Index terms: cold, endodormancy, budburst, modeling, Malus domestica.
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Resumo - Avaliou-se o efeito de regimes térmicos com temperaturas constantes ¢ oscilantes na
inducdo e na superacdo da endodorméncia de gemas de macieiras com baixa (‘Castel Gala’) e
alta (‘Royal Gala’) necessidade de frio. Estacas de macieiras foram coletadas em pomares em
Papanduva-SC, no outono/inverno de 2010 e 2011, e submetidas a temperaturas constante (3°C) ou
alternadas (3/15°C por 6/18h, 12/12h ou 18/6h) por até 1.466 horas de frio (HF). Periodicamente,
parte das estacas de cada tratamento foi transferida para 25°C, para a avaliagdo da brotagdo. Um
estresse ambiental em 2010 causou queda prematura das folhas no campo, reduziu a brotagao inicial
em ‘Royal Gala’ e interferiu na indugdo da dorméncia em ambas as cultivares. Tratamentos com
temperaturas alternadas com poucas HF/dia diminuiram parcialmente este efeito, permitindo que
as gemas entrassem em estado de dorméncia mais eficientemente. Nenhum estresse foi observado
no pomar em 2011, quando a evolugdo da dorméncia foi similar entre os tratamentos térmicos,
sendo induzida com 54 e 123 HF e superada com 363 e 662 HF para ‘Castel Gala’ e ‘Royal Gala’,
respectivamente. Aparentemente, a entrada da dorméncia em macieira afeta a profundidade e o
numero total de HF necessarios para supera-la, tornando esta etapa fundamental em estudos de
dorméncia.

Termos para indexacio: frio, endodorméncia, brotagdo, modelagem, Malus domestica.
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Introduction

Apples and other fruit species may undergo
dormancy, a period of temporary suspension of visible
growth of plant tissue (HAWERROTH et al., 2010).
Bud dormancy may occur in three forms: paradormancy,
endodormancy and ecodormancy (LANG et al., 1987).
Paradormancy is the inhibition of bud growth by influence
of another organ of the plant (e.g. apical dominance).
Ecodormancy is caused by a temporary environmental
restriction, such as water stress or lack of high temperatures.
Endodormancy occurs during colder months, when bud
development is hindered by biochemical and physiological
events in the meristem or nearby regions, triggered by
environmental stimuli, such as low temperatures or
changes in photoperiod. Once triggered, endodormancy
will remain in effect until a certain number of chilling
hours (CH, sum of hours with air temperature < 7.2°C;
WEINBERGER, 1950) is reached. Meeting chilling
requirements is essential to avoid phenological disorders,
such as insufficient or nonuniform budbreak and flowering
(ALLDERMANN et al., 2011; ATKINSON et al., 2013;
MALAGTI et al., 2015; DIGGLE; MULDER, 2019).
Although the exact biochemical mechanisms controlling
endodormancy are still not totally known (LEMPE et
al., 2022), chilling requirements vary among species and
cultivars (KRETZSCHMAR et al., 2011; ANZANELLO
etal., 2014a, LONDO; JOHNSON, 2014; FADON et al.,
2020).

The apple producing region in the south of Brazil
is marginal in cold availability, with an average of 211 to
867 CH, depending on the location (PETRI et al., 2019).
Large variations occur from one year to another, with a
frequent occurrence of insufficient yearly number of CH
to overcome dormancy. The situation tends to worsen
with climate changes, which tend to increase temperature
and drastically reduce the number of CH in this region
(CARDOSO et al., 2012; IPCC, 2015).

Most cycles require practices to overcome
dormancy and induce budbreak, usually by chemical
spraying (IONESCU et al., Moller; 2017). Some dormancy
breaking compounds, such as hydrogen cyanamide, are
highly toxic to humans and the environment, leading
them to be prohibited in many countries (EFSA, 2010).
Nevertheless, hydrogen cyanamide is very effective in
inducing budbreak, and is still recommended in Brazil to
compensate for variations in yearly CH. Understanding
bud response to local thermal conditions could lead to
better management and avoiding unnecessary spraying
of toxic products.

Models to quantify chill and its effect on dormancy
and budbreak of deciduous fruit trees have been used
since the 1930s (LUEDELING; BROWN, 2011). Most
are based on old studies, like chilling hours below 7.2°C
(WEINBERGER, 1950), the Utah model (Richardson;

Seeley; Walker, 1974) and the North Carolina model
(SHALTOUT; UNRATH, 1983). Although these models
are used in Brazil, they are based on dormancy experiments
conducted with different genotypes and climatic
conditions, having been adjusted mainly for peaches in
North America, where autumn and winter temperatures
are regularly low (WEINBERGER, 1950; RICHARDSON
et al., 1974). However, for apple production in southern
Brazil, where large temperature fluctuations occur, these
models are less reliable and accurate (FELIPPETO et
al., 2013). Dormancy in cultivars of different chilling
requirements should be studied in more detail under these
conditions, in order to adjust or develop dormancy models
useful for southern Brazil. This work evaluates how
thermal regimes with constant or oscillating temperatures
affect the onset and overcome of endodormancy in apple
buds with contrasting chilling requirements.

Materials and methods

Dormancy was evaluated in twigs of two apple
cultivars with high (‘Royal Gala”) and low (‘Castel Gala’)
chilling requirements (DENARDI; SECCON, 2005;
PETRI et al., 2021). Twigs with about 20-25 cm length
were sampled from a commercial orchard in Papanduva,
SC (26°26°68”’S, 50°05°47”W, 788m), in April, May and
June 2010, and April 2011. Field CH were calculated
for each sampling date using meteorological data from
a National Institute of Meteorology (INMET) automatic
station in Major Vieira, SC, 18 km from the orchard.
Collected material was selected based on bud maturity
(fully closed), health, and terminal bud diameter (~5 mm).
Twigs with any remaining leaves removed were wrapped
in moist newspaper inside plastic bags and transported on
the same day to Embrapa Uva e Vinho, Bento Gongalves,
RS, for processing and dormancy evaluation.

Twigs were cut 20 cm below the apical bud,
retaining approximately 6-10 lateral buds, cleaned with
70% ethanol for 45-60 s and 2.5% sodium hypochlorite
for 20 min, rinsed three times with distilled water and
shade dried for 30 min. Groups of 20 twigs were packed
in black plastic film, set upright inside Eletrolab EL.202
incubator chambers set to different thermal regimes. In
2010, temperature was constant (3°C, 24 CH/d) or cycled
between 3 and 15°C for 6/18h (6 CH/d), 12/12h (12 CH/d)
or 18/6h (18 CH/d), which resemble temperatures of the
main apple producing region of southern Brazil during the
winter period, mainly in Vacaria/RS, Fraiburgo/SC and
Sao Joaquim/SC. In 2011, thermal regimes were constant
(3°C, 24 CH/d), daily 12/12h cycles of 3/15°C (12 CH/d),
or a mixed treatment consisting of cycling temperatures
(12/12h, 3/15°C) for the first 72 CH, followed by constant
(3°C) from 72 to 264 CH, and cycling again after 264 CH
(Mixed).
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Bud dormancy evolution in apple genotypes with contrasting chilling requirements 3

Thermal regimes were applied until CH reached a
total (including field CH) of up to 782 for ‘Castel Gala’
and 1466 for ‘Royal Gala’. Periodically, two groups of
20 twigs per combination of cultivar and thermal regime
were transferred to a Percival Boone 50036 plant growth
chamber set to 25+1.5°C, 70-80% humidity and 12h
photoperiod. Twigs had the bottom tip cut off to unblock
vascular bundles, and were disposed upright in water
(2010) or moistened phenolic foam (2011), according to
the methods described by Anzanello et al. (2014b). The
use of phenolic foam in 2011 was an improvement in the
methodology, designed to increase the longevity of twigs
in the growth chamber. Control treatments consisted of
two groups of 40 twigs per cultivar and sampling date,
transferred to the growth chamber immediately after
sampling (with only field CH).

Apical budburst in the growth chamber was
recorded daily, for up to 35 days, as the date when the
green tip stage was reached (CARVALHO et al., 2010). In
each group of 20 twigs (or 40 in the control treatments),
budburst dates were used to calculate maximum budburst
(M, sprouted twigs divided by total twigs, %), which
was expressed as a function of the number of chilling
hours and modeled as double sigmoids (FIALHO et al.,
2020). Lateral buds were not considered in the evaluation,
because they are mainly controlled by paradormancy
(apical dominance) in apple branches (ANZANELLO
et al., 2014b). The number of CH required for dormancy
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induction was calculated numerically at the point where
budburst reduction reached 95% of the total decrease, in
order to increase robustness of the estimates. Similarly,
CH requirements to overcome dormancy were calculated
at the point where budburst increase reached 90% of
the difference between the minimum and asymptotic
maximum levels (FIALHO et al., 2020). In order to
compare all data simultaneously (and not only individual
points), the resulting curves of each treatment were
compared using a hierarchical F-test, testing them against
a single curve including multiple treatments, using the
R software (R DEVELOPMENT CORE TEAM, 2022).

Results and discussion

The initial physiological condition of buds
on each sample date is shown on Figure 1, in which
budburst follows an asymmetrical sigmoid function of
time, modeled by the Gompertz curve (FIALHO et al.,
2020). There were clear differences between cultivars
and among sampling dates, which resulted in contrasting
maximum budburst rates at 35 days in the growth chamber,
represented by the rightmost point of the graphs in
Figure 1 and the leftmost point on each graph in Figures
2, 3 and 4. The number of field CH in 2010 was 2, 15 and
80 in April, May and June, respectively, and is included in
the total, which accounts for the difference in the starting
points on the x-scale in the last three figures.
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Figure 1 - Evolution of budburst of ‘Castel Gala’ and ‘Royal Gala’ apical buds with no artificial chilling treatment
(control buds). Buds were sampled in April, May and June 2010 (A) or April 2011 (B), with only natural chilling
hours, and submitted to 25°C for 35 days in a growth chamber.
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Royal Gala, Apr/2010
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Figure 2 - Budburst of ‘Royal Gala’, sampled in April (A), May (B) and June (C) 2010 with 2, 15 and 80 CH in the
field, and submitted in a growth chamber to 3°C or daily cycles of 18/6 h, 12/12 h or 6/18 h at 3°C and 15°C during
dormancy. The shaded area corresponds to the dormancy induction period. A graphical representation of the analysis

of variance is shown at the right.
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Figure 3 - Budburst of ‘Castel Gala’, sampled in April (A), May (B) and June (C) 2010 with 2, 15 and 80 CH in the
field, and submitted in a growth chamber to 3°C or daily cycles of 18/6 h, 12/12 h or 6/18 h at 3°C and 15°C during
dormancy. The shaded area corresponds to the dormancy induction period. A graphical representation of the analysis
of variance is shown at the right.
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Royal Gala, Apr/2011
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Figure 4 - Budburst of ‘Royal Gala’ (A) and ‘Castel Gala’ (B), sampled in April 2011 and submitted in a growth
chamber a to 3°C (24 CH/d), daily 12/12h cycles of 3/15°C (12 CH/d) or cycling (12/12h, 3/15°C) for 72 CH + constant
(3°C) from 72 to 264 CH + cycling after 264 CH (Mixed), followed by 35 days in a growth chamber at 25°C. The
shaded area corresponds to the dormancy induction period. A graphical representation of the analysis of variance is

shown at the right.

Dormancy induction in the field was verified by
a reduction in maximum budburst in twigs which did
not experience artificial chilling. This initial budburst
potential decreased with time, during the months of
2010 (Figure 1A), in which an increase in the natural
bud dormancy state occured. In ‘Royal Gala’, the greatest
reduction in budburst potential occurred between April
(29%) and May (16%), although it continued to decrease
in June (10%) (Figure 1A). The same pattern occurred in
‘Castel Gala’, in which budburst went from 68% in April
to 43% in May and 36% in June. By comparing minimum
budburst values, it may be inferred that ‘Royal Gala’
reached a deeper state of dormancy than ‘Castel Gala’.

According to Anzanello et al. (2014b), dormancy of apple
cultivars can be classified as light, intermediate and deep,
and this relates to chilling requirements. In light dormancy
cultivars, such as ‘Castel Gala’, a superficial hindering
of bud growth occurs, while deeper dormancy cultivars
suffer near total bud growth paralysis. In addition, this
hibernal behavior has been associated with growing cycle
precociousness (CAMPOY etal., 2011a; EL YAACOUBI
etal., 2016).

In order to further detail dormancy induction, 2011
samples were collected in April, before any field CH
had occurred. Initial ‘Castel Gala’ budburst potential in
2011 (69%) was similar to that of April 2010 (Figure 1).
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However, the smaller values observed in April 2010
‘Royal Gala’ samples were not repeated in April 2011,
when initial budburst was 61%, closer to that observed
on ‘Castel Gala’. Leaf fall occurred earlier in 2010 than
in 2011, due to greater disease levels (apple leaf spot,
caused by Colletotrichum spp.) observed in the field, due
to heavier rainfall before the first sampling date (659 mm
in 2010 vs. 277 mm in 2011). These conditions may have
anticipated leaf fall and induced dormancy prematurely in
2010, suggesting that the effect of cold on endodormancy
induction may be influenced by other stress factors. Cooke
etal. (2012) state that dormancy induction may also occur
due to changes in photoperiod or as a result of biotic and
abiotic stress in the field (e.g. pathogenic or water stress),
not being solely dependent on temperature. Leaf fall in
plants is related to increased ethylene and abscisic acid,
synthesized in response to stressful factors and involved
in dormancy induction (RUTTINK et al., 2007; COOKE
etal.,2012). Garcia-Andrade etal. (2011) verified abscisic
acid accumulation in Arabidopsis plants under fungal
infection, with a consequent increase in callose deposition.
Aloni et al. (1991) associate a presence of callose in
vascular bundles of buds to the state of dormancy in
Vitis vinifera grapevines. Another possibility is that the
lower budburst rate was not caused by endodormancy,
but by some metabolic restriction of meristem growth
caused by stress, without activating dormancy-specific
genes. Pathogenic stress by fungal diseases may influence
the physiological responses of plants to abiotic factors
(PRASCH; SONNEWALD, 2015; RAMEGOWDA;
SENTHIL-KUMAR, 2015), changing the sensitivity of
buds to temperature.

Dormancy was artificially induced on April
samples in both years (Figures 2A, 3A and 4, shaded
areas), and occurred naturally in the field on May and
June samples. Treatments with cycling temperatures (6,
12 and 18 CH/d) induced endodormancy in ‘Royal Gala’
more efficiently (with a smaller number of CH: 53, 98
and 74 CH, respectively) than the constant temperature
(24 CH/d: 198 CH) treatment (P<0.0001). ‘Castel Gala’
endodormancy only occurred in treatments with 6 and
12 CH/d (P=0.0004), reaching minimum budburst with
56 and 16 CH, respectively. Surprisingly, it was not
induced at all by treatments with little or no daily mild
temperatures (18 CH/d and 24 CH/d). It seems that the
buds needed some time in warmer temperatures in order
to process the chilling stimuli, especially in ‘Castel Gala’.
In peach trees, Couvillon and Erez (1985) showed that
daily cycles of moderate and cold temperatures were more
effective in inducing dormancy, compared to constantly
cold conditions. The importance of alternating mild (15°C)
and cold (3°C) temperatures in inducing dormancy was
also observed in works with grapevines (ANZANELLO et
al., 2018). Natural thermal conditions follow an oscillatory
pattern, and the duration of daily cold increases as mean

temperature decreases, with the progress of autumn.
This explains why the best induction results were those
of treatments with few CH/d, which follow conditions
of natural dormancy induction. Furthermore, ‘Castel
Gala’ bud meristem in April 2010 might not have fully
matured to perceive cold stimulus, thus maintaining the
same physiological state throughout the chilling period in
treatments with few daily warm hours (18 and 24 CH/d).

The effectiveness of cyclic 3/15°C regimes shows
that just a few hours of daily cold suffice for endodormancy
induction, in contrast to extremely low and constant
temperatures. The benefit of oscillating temperatures in
inducing endodormancy is also reported by Alldermann et
al. (2011), who claim that low temperatures interspersed
with mild autumn temperatures triggers the bud dormancy
mechanism, causing changes in bud meristematic tissues
which affect their cold resistance.

In 2011, no difference among treatments was
detected in the dormancy evolution curves (Figure 4),
even though the chilling period resolution was finer than
2010. Not only the F-tests were not significant (P>0.10),
but also the difference in R? between the data fit using
three curves and that of a single curve was very small
(0.765 vs. 0.704 in ‘Royal Gala’; 0.791 vs 0.749 in ‘Castel
Gala’). Therefore, all treatments within each cultivar were
modeled by a single curve, represented by the general
equations on Figures 4A and 4B, which resulted in a
requirement of 123 and 54 CH for dormancy induction in
‘Royal Gala’ and ‘Castel Gala’, respectively. Considering
only the cycling temperature treatments, induction
requirements in 2011 (107 CH in ‘Royal Gala’ and 40 CH
in ‘Castel Gala’) were close to those of 2010 (75 CH in
‘Royal Gala’ and 36 CH in ‘Castel Gala’). The greatest
contrast between years occurred when temperature
was constant (24 CH/d) during the chilling period. In
these conditions, the onset of dormancy in 2010 did not
happened in ‘Castel Gala’ and was delayed in ‘Royal Gala’
by 123 CH (when compared to the cycling temperature
treatments), while in 2011 there was only a slight non-
significant delay (22 CH in ‘Castel Gala’ and 44 CH in
‘Royal Gala’). This may also be associated to a smaller
degree of stress in 2011, compared to the conditions of
2010. Anzanello et al. (2018) also verified no significant
change in chilling requirements for dormancy induction,
comparing two cycling regimes (3 and 15°C, for 18/6h or
12/12h) and constant 3°C temperature, in ‘Chardonnay’,
‘Merlot’ and ‘Cabernet Sauvignon’ grapevine buds with
no apparent stress in the field.
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The manner in which dormancy is induced may
have an effect on its depth (minimum budburst) and on
the amount of cold required to overcome it. Budburst
in 2011 samples reached a minimum of 15% in ‘Royal
Gala’ and 37% in ‘Castel Gala’, considering the means
of all treatments (Figure 4). As discussed previously, no
significant effects of temperature cycle treatments were
observed in 2011. This was also verified by Anzanello
et al. (2014a), and is compatible with the models of
Richardson et al. (1974) and Shaltout and Unrath et al.
(1983), to whom moderate temperatures (around 15°C)
do not contribute or interfere with chilling accumulation.
In Vitis vinifera grapevines, Anzanello et al. (2021) also
found that dormancy evolution was not affected by daily
cycling temperatures, with an 18°C temperature being
inert for chilling accumulation.

Dormancy overcoming, considering the point
where budburst recovered 90% of its potential increase,
happened after a sum of 662 CH in ‘Royal Gala’ and
363 CH in ‘Castel Gala’, on average. These chilling
requirements are close to those obtained by Denardi
and Seccon (2005) for ‘Castel Gala’ (less than 400 CH)
and Petri et al. (2021) for ‘Royal Gala’ (approximately
600 CH). The contrast in chilling requirements between
genotypes is compatible with field observed phenology, in
which ‘Castel Gala’, a natural mutation of ‘Gala’, flowers
up to 25 days earlier (DENARDI; SECCON, 2005).

Considering dormancy evolution as a whole,
it is possible to infer that the induction process is
critical in determining total chilling requirements. With
approximately twice the number of CH, ‘Royal Gala’
reached a budburst level of nearly half the minimum
observed in ‘Castel Gala’, characterizing a deeper state
of dormancy. Likewise, its requirement to overcome
dormancy was also nearly double that of ‘Castel Gala’,
showing a relation between induction and total CH. The
mutation may have caused some of the induction steps to
be absent, leading to a more superficial state of dormancy
in ‘Castel Gala’ and, consequently, to a smaller chilling
requirement. Anzanello et al. (2018) and Anzanello et al.
(2021) also observed a direct relation between dormancy
depth and total chilling requirement in grape cultivars.

In ‘Royal Gala’, significant differences occurred
among treatments in most 2010 sampling dates (Figure
2). An erratic overcoming of dormancy occurred in the
cycling temperature treatments in April and May, but not
in June, when all treatments were similar (P>0.10). This
behavior may have been caused by the stressful conditions
which occurred in 2010 and restricted dormancy onset, as
discussed previously. Although all buds suffered the same
initial stress, those sampled in April and May had less
time to recover than the June samples. Buds attached to
the plant for a longer time eventually recovered from the
environmental stress and, like in the April 2011 samples,
all June 2010 treatments clearly overcame dormancy. As

observed in this work, Lloyd and Firth (1990) noted that,
in peach buds (cv. Flordaprince and Flordagold), stress
caused by early defoliation interferes with dormancy
evolution, altering the reserve accumulation process for
the following crop and defining budburst potential.

The constant temperature treatment (24 CH/d)
resulted in relatively uniform estimates of ‘Royal Gala’
chilling requirements (611, 623 and 790 CH in April,
May and June 2010, respectively), which were similar
to that observed in 2011 (630 CH, with 24 CH/d). The
higher value observed in June was due to a continued,
although small, increase in budburst after the steep rise
which occurred around 600 CH (Figure 2C). Furthermore,
it resulted in greater maximum budburst after the 2010
dormancy period in June (88%) than in April (56%) and
May (58%), while the April 2011 samples resulted in an
intermediate maximum budburst rate (70%). It seems that
whatever was hindering budburst and causing an erratic
behavior in the cycling temperature treatments had its
effect dampened when temperatures were constantly low.

In ‘Castel Gala’ 2010 samples, as in ‘Royal Gala’,
stress conditions caused contrasting responses among
treatments in the first couple of sampling dates (Figure 3).
However, these responses did not follow the same pattern
in both cultivars. As discussed previously, dormancy
onset did not occur in April 2010 treatments with 18 and
24 CH/d, in which average budburst remained above 58%,
regardless of the number of CH. In treatments with 6 and
12 CH/d, dormancy was both induced (reaching 36%)
and overcome, with budburst rate after about 250 CH
becoming similar to the other treatments. In May and June
2010 samples, where dormancy was naturally induced, no
significant difference among treatments was observed.
These buds, especially the June samples, as observed in
‘Royal Gala’, displayed similar responses to those of April
2011. The environmental stress response in both cultivars,
stronger in the April 2010 samples, was dampened as
buds remained attached to the plant for a longer period of
time. However, some effect of stress still persisted until
June, which made the ‘Castel Gala’ chilling requirement
seem to be greater in 2010 (551 CH) than the reference
value estimated in 2011 (363 CH), under normal growing
conditions (DENARDI; SECCON, 2005).

This study only evaluated the effect of cycling
moderate (15°C) and cold (3°C) temperatures on
inducing and overcoming endodormancy, without
analyzing ecodormancy. According to the dormancy
evolution scheme in apple trees proposed by Faust et
al. (1997), a dormant bud is initially in paradormancy,
followed by an intermediate period of endodormancy,
and a final stage of ecodormancy, with two transitions
periods in which dormancy types overlap (paradormancy-
endodormancy and endodormancy-ecodormancy).
In the last transition period, air temperature may be
contributing simultaneously to chilling accumulation, for
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overcoming endodormancy, and to the sum of heat units,
for overcoming ecodormancy (LUEDELING et al., 2013).
Thus, winter temperatures may contribute simultaneously
to chilling and heat requirements in different periods of
dormancy, and should be considered together. In mild
climate regions, chilling hours accumulate very slowly,
leading to a prolonged endodormancy phase, which
overlaps with ecodormancy (MALAGTI et al., 2015).
Campoy et al. (2011b) also observed that the chill and heat
requirements for budburst induction are not subsequent
processes and may occur simultaneously, which makes it
difficult to identify precisely when to stop accumulating
chill and start accumulating heat, for budbreak prediction.
Molecular analysis of gene expression that regulates
dormancy can be considered a valuable tool to indicate the
transition from endodormancy to ecodormancy in apple
trees (LEMPE et al., 2022). Additional studies are needed
in order to further understand the effect of heat during the
dormancy evolution and overcoming, throughout winter
and early spring.

Conclusions

The chilling requirements to overcome dormancy
are 662 CH for ‘Royal Gala’and 363 CH for ‘Castel Gala’,
while the requirements to induce dormancy are 123 CH
and 54 CH, respectively. Previous stressful environmental
conditions restrict the onset of dormancy, its depth and
the total number of chilling hours required to overcome it.
Daily cycles of 3°C and 15°C do not affect chilling hours,
relative to constantly cold temperatures (3°C), but induce
dormancy more efficiently, especially in environmental
stress conditions.
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