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It is admitted that the lack of winter chilling is a limiting factor for the cultivation of temperate fruit trees in warm climates.
Nevertheless, the characteristics of dormancy in sweet cherry under such conditions are still not fully understood. Therefore,
and in order to contribute to the elucidation of these mechanisms, the objective of this work is to evaluate the dormancy of
sweet cherry (Prunus avium L.) under the Mediterranean conditions of Meknes region (Morocco). Evaluation of dormancy
behaviour of four varieties was made on the basis of a biological test, known as the « single node cuttings », and histological
dissections of flower buds at the time of bud break. The variations of mean time to bud break (MTB) were interpreted in terms
of the evolution of growth capacity of the buds. The lack of cold affected tree phenological development. The evolution of
dormancy in cherry buds showed three phases with variable levels of inertia: the first and third phases being of similar intensity
and duration while the second phase was of a high level of inertia (endo-dormancy). The correlative inhibitions of the leaves
imposed on the buds continued up to the arrival of continuous low temperatures. The delay in the decrease of inertia reveals
insufficient chilling accumulation causing incomplete release from dormancy and low bud break percentage in the orchard.
Histological observations showed that vascular connection of flower buds was established during bud break stage. However,
flowers showed certain abnormalities, ie low pollen production and malformations of pistils, which limit the possibilities of
pollination.
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La dormance chez le cerisier Prunus avium L. en climat mediterranéen. On admet qu’une cause importante de 1’inadaptation
des especes fruitieres d’origine tempérée en zone chaude est la non satisfaction de leurs besoins de froid. Toutefois, pour une
espece comme le cerisier, les caractéristiques de la dormance et de son évolution sous climat chaud sont encore mal connues.
Nous avons contribué a leur connaissance par un suivi de la dormance des bourgeons chez un certain nombre de variétés de
cerisier doux (Prunus avium L.) cultivées a Meknes (Maroc) en utilisant I’approche biologique du test « Boutures de nceuds ».
Les variations du temps moyen de débourrement (TMD) sont interprétées en termes d’évolution des capacités de croissance
des bourgeons. Le manque de froid affecte profondément le développement phénologique des bourgeons floraux. L’évolution
de la dormance a montré 1’existence de trois périodes d’inertie variable : la premiere et la troisieme période, d’inertie et de
durée similaire, alors que la seconde période d’inertie importante (endo-dormance). Les influences inhibitrices corrélatives
des feuilles continuent a s’exercer sur les bourgeons jusqu’a I’arrivée du froid continu. La tardiveté de la diminution de
I’inertie traduit une levée de dormance incomplete qui se manifeste, au niveau du verger, par un débourrement déficient et
étalé des bourgeons. L’examen histologique de bourgeons floraux a montré que la connexion vasculaire est établie a 1’anthese.
Cependant les fleurs ont montré des anomalies relatives a une faible production du pollen et a une malformation des pistils qui
limitent les possibilités de pollinisation.

Mots-clés. Prunus avium L., dormance, froid, climat chaud, débourrement, histologie.
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1. INTRODUCTION

Fruit trees, like other woody perennials, are
characterized by dormancy period. In contrast to endo-
dormancy which concerns the bud itself, correlative
inhibition results from the action of one or many other
organs (stem, leaves, roots, other bud) (Crabbé, 1987).
The release from dormancy requires the accumulation
of chilling during the winter period (Crabbé, 1994).
The development of correlative inhibitions during
the summer period leads to the suspension of bud
growth and the onset of dormancy. During fall and
winter this dormancy is overcome under the effects of
low temperatures. In the absence of adequate winter
chilling, dormancy is prolonged, flower buds abscise
and yield is lower. Increased chilling caused an increase
in the number of branches and reduced the time to bud
break. Small and deformed blossoms result also from
inadequate chilling (Mahmood et al., 2000a).

In Morocco, cherry was traditionally grown at
higher elevation (> 1000 m) where the winters provide
enough chilling to respond to the requirement of the
species. However, and for economical raisons, the
crop has been extended to lower elevations where the
climatic conditions are not adequate for sweet cherry
to produce. Thus, several orchards were established
with standard varieties such as « Bigarreau Burlat »,
« B. Moreau » and « B. Napoleon ». Unfortunately,
these varieties, because of the lack of winter chilling in
these areas, showed symptoms of prolonged dormancy
resulting in a vegetative growth which continues late
in the season and a delayed bud break (Oukabli et al.,
2002). The bud break is also sporadic and the vegetative
growth is heterogeneous as certain buds (usually the
apical ones) start to grow but impose on those located
beneath a strong correlative inhibition. The latter
prevents new bud to break or delays their growth if they
are at an advanced stage. Thus, only a low proportion
of buds start to grow. The dominant role of the terminal
bud has been established in the control of growth and
the strengthening of the apical dominance (Rageau,
Mauget, 1999). The reduced proportions of spurs are
another indication of sporadic renewal of growth, which
leads to cherry low production (Oukabli, Mahhou,
1997; Oukabli, Laghezali, 2000). All these symptoms
are an indication of inadequate chilling which limits
the performance of sweet cherry under climatic
conditions at low elevations in Morocco. Nevertheless,
characterization of dormancy in this species was carried
out only by few researchers (Arias, Crabbé, 1975), but
never under warm climates. The test of « single node
cuttings » provides some interesting indications and
has constituted an experimental approach for several
studies (Champagnat, 1989), especially in locations
with warm winters (Balandier et al., 1992; Zguigal,
1995; Zguigal et al., 2006).
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On the other hand, anatomical approach was used
to examine the internal structures and to complete
biological and morphological observations of the buds
for numerous species of Prunus. This technique has
revealed that during dormancy, vascular tissues are
not completely differentiated and that the connection
between floral primordia and the bud axis is ensured
only by procambial cells (Ashworth, Rowse, 1982;
Ashworth, 1984). This vascular connection appears to
be functional one month prior to anthesis in the European
plum (Hanson, Breen, 1985). For normal bud break in
apricot, it must be established near anthesis (Bartolini,
Giorgelli, 1994). The appearance of the tetrades stage
during microsporogenis constitute also an indication of
a regular release from dormancy (Guerriero, Bartolini,
1991). Therefore, the environmental conditions seem
to have a considerable impact on floral differentiation
and play a regulatory role of this event.

The objective of this study was to evaluate the
behaviour of sweet cherry based on its phenological
stages progress and on the evolution of its dormancy
and the effects of inadequate chilling on flower
morphogenesis during warm winter.

2. MATERIAL AND METHODS

2.1. Plant material

A cherry collection was established in 1983 at Ain
Taoujdate (altitude 500 m) in the experimental station of
INRA. Trees were grafted on Saint Lucie 64 rootstock,
planted at 5 x 6 m spacing (333 trees per hectare) and
trained on an open vase system. They were surface
irrigated from May to September with 2000 m* per
year and fertilized with 50-30-80 units per hectare of
N-P-K respectively.

2.2. Climatic characterization of the site

To evaluate the behaviour of sweet cherry under the
environmental conditions, chilling hours (CH) were
estimated for the period of experimentation (1991—
2001) using a linear model (CH: (7.2-m)/(M-m) x 24
(Weinberger, 1950), where M is the maximum and m
the minimum temperature at the experimental site).

2.3. Phenological characterization

Progress of phenological stages was undertaken on the
tree in collection during five years (1991-1995) and
concerned leaf fall, bud break and flowering period.
Leaf fall was noted when tree have lost 95% of their
leaves. This state was appreciated visually on three
trees for each variety. The evolution of buds was
recorded on a sample of five, one-year-old, shoots per
tree (15 shoots/variety) chosen around the canopy of
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the trees grown outdoors. These field observations
were used to calculate bud break rate by dividing the
number of buds broken by the total number of buds.
Bud break was considered happening when 50% of
buds are at the stage A of Flekinger. Flowering periods
were also notified, at the H stage of Flekinger, when
the first flowers were opened and full bloom when 50%
of flowers are open. The end of flowering corresponds
to 90% of flowers without petals. Bud break rate of
varieties in the field were compared statistically and
means were separated by the Duncan’s test.

2.4. Single node cuttings test

Study of dormancy evolution was carried out using
the single node cuttings (Rageau et al., 1996). Twigs
of 20-30 cm length were sampled weekly from trees
of four varieties : Burlat, Precoce Bernard, Rainier
and Tragana d’Edesa, starting from September (1995)
until bud break occurred in the field (April 1996). The
shoots were cut into segments of 3 cm of length bearing
a single node with a sample of 20 cuttings per variety
and per date. The tips of the cuttings were covered
with paraffin to limit water loss. The samples were
then forced under constant conditions of: temperature
of 20°C, photoperiod of 16 hours and 90% of relative
humidity. The date of bud break (visible tips of young
leaves) was recorded during every 2 days during one
month and the mean time of bud break (MTB) in days
was calculated according the formula:

n
“1/T1 + 1/T2+ 1/Tn

MTB

where n: total buds
Tn: time in days elapsed prior to bud break

For sampling dates where the bud break was nil, the
corresponding MTB was attributed an arbitrary value
of 1000 in order to show periods of important inertia
(Rageau, personal communication). The variations
in MTB among samples were interpreted in terms of
evolution of growth capacity of the buds (Rageau,
1978). The time which elapses until bud break provides
a good estimation of the intensity for intrinsic growth
inhibition of the bud (endodormancy) (Champagnat,
1989). The increase of MTB translates therefore an
increase in the inertia bud growth.

2.5. Histological bud observation

Anatomical study was carried out on Burlat in order
to determine the effects of the lack of chilling on
bud differentiation. Thus, twenty flower buds were
randomly collected on spurs on the 25" of March 2001
corresponding to anthesis stage. At this date the buds
had accumulated about 500 hours of temperatures
inferior to 7.2°C. The buds were brought to the lab and
fixed in formaldehyde acetic acid (FAA) (90% ethanol
at 50°, 5% acetic acid, 5% formaldehyde, v/v/v). Scales
were carefully removed, buds washed in tap water and
then dehydrated in an alcohol series, embedded in
paraffin and sectioned at thickness of 10 p. Sections
were stained with safranin and fast green according to
the technique described for apricot (Bartolini, Giorgelli,
1994).

3. RESULTS AND DISCUSSION

3.1. Climatic characterization

The chilling hours recorded yearly vary between 280
and 785 (Table 1) with an average of 595 hours below
7.2°C. The monthly break-up of these chilling amount
show that the cold period is short and the continuous
chilling was recorded principally between December
and February (Table 2). This lack of chilling affects
the behaviour of cherry and disrupts the progress of
phenological stages and consequently cherry cropping
potential.

3.2. Phenological stages

Varieties tested display different behaviour as revealed
by the progress of phenological stages. Leaves on the
spurs fall the first ones and fallen leaf was observed
during the first week of January with difference among
varieties. « Precoce Bernard » and « Rainer » were the
first ones that loose leaves (Table 3). The fallen leaves
happened when trees were exposed at about 200 hours
of chill units. The differences observed among varieties
were linked to their sensitivity to the environmental
factors notably to short photo-period, low temperatures
and thermic amplitudes. Varieties « B. Burlat » and
« Tragana d’Edessa » presented an important delay

Table 1. Chilling availability recorded during the years of experimentation — Disponibilités en froid enregistrées durant les

années d’expérimentation.

Years 1991 1992 1993 1994

1995 1996 1997 1998 1999 2000 2001

Numbers of hours of
temperature below 7.2 °C 785 780 760 740

280 760 450 720 410 380 500
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Table 2. Average number of hours below 7.2 °C recorded
monthly — Nombre moyen d’heures inférieures a 7,2 °C
enregistrés mensuellement.

Month November December January February March
Chilling
hours 102 140 162 62 33

among years and translate their sensitivity to change in
climatic factors.

Bud break was not linked to date of fallen leaves.
This stage was observed during the last week of March
(Table 3) for « Rainier » and « Précoce Bernard » and
the first week of April for the others two varieties. The
progress of this stage was late and heterogeneous for
« B. Burat » and « Tragana d’Edessa » related to their
high requirements of low temperatures. Vegetative
growth started from the terminal buds, and apical
dominance was marked.

Flowering stage was observed in the first days of
April for «Précoce Bernard » and « Rainier » and
at the second decade of April for the other varieties.
The first flowers opened are those carried by the spurs
(Bouquet de Mai). They constitute the first flowering
flux followed by the flowers carried on the base of
one year shoot but which were not numerous. The
flower index was low for « B. Burlat » and « Tragana
d’Edessa » and flowers do not often set fruit, indicating
an inadequate chilling duration for flower development
and lack of climatic adaptation.

3.3. Evolution of bud dormancy

The curves of growth inertia (TMB) of sweet cherry
vegetative bud, show different shapes (Figure 1a
and b). This variability indicates the existence of
differential behaviour of varieties in response to
environmental conditions. Buds are submitted to two
periods of important inertia: a period of probably
correlative inhibition then a period of winter dormancy.
The first one is situated between the end of September
and the middle of October. The second phase lies

Biotechnol. Agron. Soc. Environ. 2007 11 (2), 133-139

Oukabli A., Mahhou A.

between the end of October to the end of February
or early March, depending on the variety. In fact, the
growth capacity becomes important for « Rainier » and
« Precoce de Bernard » starting by end of February
and the first decade of March, but remains low for
« B. Burlat » and very low for « Tragana d’Edessa ».

The correlative inhibition decreases as the leaves
drop and as the autumnal low temperatures arrive.
The buds go into a period of dormancy with variable
intensity. The removal of such dormancy exhibits
different patterns and occurs at different rhythms
depending on the variety. Thus, the acquisition of the
capacity of bud break is relatively rapid for « Rainier »
and « Précoce Bernard », slow for « Burlat» and
very slow for « Tradana d’Edessa ». For the last two
varieties, bud break in orchard was incomplete (low
rate) and spread over time (Figure 2) which constitutes
an indication of the lack in chilling.

Dormancy (second period on inertia) has begun
after the buds had accumulated 200 hours of low
temperatures. During this phase, the amount of chilling
received was 400 hours which seem to be insufficient
to overcome dormancy especially when the autumnal
chilling plays a major role in the onset of dormancy
(Figure 3). Similar results have been reported on apple
in the same region (Zguigal, 1995; Zguigal etal.,
2006). The classical quantification of chilling (as a
linear process) leads therefore to an overestimation
of available chilling that is effective in the overcome
of dormancy. In order to correct this discrepancy it is
recommended to take into consideration:
the chilling hours accumulated mainly during the
second inertia period;
high and moderate temperatures inter-dispersed
during the dormancy period (duration and
frequency);
reconsider temperatures thresholds used in the
quantification of chilling instead of 7.2°C which is
not necessarily appropriate for locations with warm
winter.

The inhibition of bud growth revealed by the single
node cuttings could be due to the dormancy of the bud
sensu stricto (endo-dormancy) and/or to correlative
inhibition (Rageau et al., 1996). It is worthy to notice

Table 3. Average dates of different phenological stages — Dates moyennes des différents stades phénologiques.

Variety Average date of Duration of Yearly difference Bud break (%)
Leaf fall Bud break Blooming flowering period (days) full bloom (days)

Precoce Bernard 30/12 28/03 02/04 17 2 75b

Rainier 30/12 25/03 04/04 18 2 95a

B. Burlat 04/01 05/04 10/04 21 3 75b

Taraga d’Edessa 08/01 10/04 17/04 24 3 60c

Mean separation within comumn by Duncan, P < 0.05.
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Figure 1a. Growth inertia of axillary vegetative bud, as
expressed by the mean time budbreak (MTB) of single
node cutting. Varieties Burlat and Rainier — Inertie de
croissance des bourgeons végétatifs axillaires exprimée
en temps moyen de débourrement (MTB) de bouture de
neeud simple. Variétés Burlat et Rainier.
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Figure 2. Time course of brust buds (cumulative percentages)
for cherry varieties in orchard — Evolution du taux de
débourrement au champ des variétés de cerisier.

that dormancy in Meknes area (mild winter) shows
an inertia periods which last longer than in Belgium
(temperate climate) (Crabbé, 1994).

Differences in physiological stages of buds exist
between the first and the second period. During the first
period, correlative inhibitions from spring and summer
shoot (leaves) continue to exert their effect on the buds.
In the second period, leaves abscission and the arrival
of low temperatures play an important role in the onset
of dormancy and the decrease of inertia. However, a
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Figure 1b. Growth inertia of axillary vegetative bud, as
expressed by the mean time budbreak (MTB) of single
node cutting. Varieties Tragana d’Edesa and Precoce
Bernard — Inertie de croissance des bourgeons végétatifs
axillaires exprimée en temps moyen de débourrement (MTB)
de bouture de nceud simple. Variétés Tragana d’Edesa et
Précoce Bernard.
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Figure 3. Growth inertia of axillary vegetative bud as ex-
pressed by the mean time budbreak (MTB) and time course
of chilling availability (CA) — Inertie de croissance des
bourgeons végétatifs axillaires exprimée en temps moyen de
débourement (MTB).

delay in the decrease of this inertia is translated by an
incomplete and low rate of bud break.

3.4. Organogenis flower and xylem vessel state

Anatomical observations of flower buds at anthesis
revealed that reproductive organs showed different
abnormalities. Flowers present malformations with
some having no pistil. When the latter is present, the
ovary is always of a small size (Figure 4a). The female
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gametophyte presents an atrophied ovule, isolated in
the ovary cavity. Nucellus tissue is separated from the
teguments which constitutes an indication of ovular
degeneration. Abnormalities in differentiation were
also observed (Figure 4b) with a disorganized and
interlaced flower primordia.

Anthers contain pollen sacs, which remained
indehiscent. The layers were not separated and sacs
contain cells in tetrad stage (Figure 5a). At bud break
the microsporogenis was low, and pollen mother cells
were immature, many of which show signs of abortion
like wall disorganization. If meiosis has occurred, even
under insufficient chilling, the reduction in amount
of pollen maturation would limit the possibilities
of pollination of self-incompatible Burlat. Flower
organs (male and female) were thus characterized by
various abnormalities, which indicate a perturbation
of the flower differentiation phase. On the other
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hand, anatomical observation showed xylem vessel
elements at the bases of buds and flower primordia,
mainly anther and pistil (Figure Sb). This suggests
that vascular connection is usually established during
dormancy and becomes fully functional during the
flowering period, as it was reported for other species
of Prunus (Ashworth, Rowse, 1982; Hanson, Breen,
1985). Even though water conductivity is apparently
ensured in the bud axis and flower organs for a normal
break, the subsequent evolution of the buds remains
sporadic with a number of them dropping during or
after flowering.

The introduction of sweet cherry cultivars like
« Burlat » in areas with mild winters leads to low
yields. The low productivity is due largely to the lack
of chilling leading to low rate and sporadic bud break
in addition to anatomical abnormalities in flower
buds. Similar results were reported on apricot (Rageau

Figure 4. Section longitudinal view of flower bud of Prunus avium L. sampled at anthesis for « Bigarreau Burlat »
showing an atrophied ovule (a, x 50) and disorganized and isolated flower primordial (b, x 200) — Vue d’une coupe lon-
gitudinale de bourgeon de Prunus avium L. prélevé sur « Bigarreau Burlat » a l’anthése montrant un ovule atrophié

(a, x 50) et un primordia foliaire isolé (b, x 200).

Figure 5. Bud of « Bigarreau Burlat » taken at anthesis with pollen sacs enclosed a little quantity of pollen (a, x 150), arrow
showing xylem element (b, x 400) — Bourgeon de « Bigarreau Burlat » prélevé a I’anhése avec des sacs polliniques refer-
mant une petite quantité de pollen (a, x 150). La fleche montre les éléments du xyleme (b, x 400).
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et al., 1996) and apple (Oukabli et al., 2003). In this
process, the impact of autumnal climatic conditions
should not be ignored. In fact, these conditions play
an important role in flower differentiation and floral
organogenis just as do moderate and high temperatures
(Oukabli, Mahhou, 1997; Oukabli, Laghezali, 2000).
Low bud break rate and ovule and pollen abortion led
to low production of the variety « Bigarreau Burlat »
and for others also. Chilling duration needed to release
dormancy is high and varies among cultivars like it
was reported on some compatibles ones (Mahmood
et al., 2000b). Hence, successful production of cherry
under warm climatic conditions (with the absence of
adequate winter chilling) is not possible.
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