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Winter Bud Content According to Position in 3-year-old Branching Systems of
`Granny Smith' Apple
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An investigation was made of the number of preformed organs in winter buds of 3-year-old reiterated complexes
of the `Granny Smith' cultivar. Winter bud content was studied with respect to bud position: terminal buds were
compared on both long shoots and spurs according to branching order and shoot age, while axillary buds were
compared between three zones (distal, median and proximal) along 1-year-old annual shoots in order 1. The per-
centage of winter buds that differentiated into in¯orescences was determined and the ¯owers in each bud were
counted for each bud category. The other organ categories considered were scales and leaf primordia. The results
con®rmed that a certain number of organs must be initiated before ¯oral differentiation occurred. The minimum
limit was estimated at about 15 organs on average, including scales. Total number of lateral organs formed was
shown to vary with both bud position and meristem age, increasing from newly formed meristems to 1- and
2-year-old meristems on different shoot types. These differences in bud organogenesis depending on bud
position, were consistent with the morphogenetic gradients observed in apple tree architecture. Axillary buds did
not contain more than 15 organs on average and this low organogenetic activity of the meristems was related to
a low number of ¯owers per bud. In contrast, the other bud categories contained more than 15 differentiated
organs on average and a trade-off was observed between leaf and ¯ower primordia. The ratio between the
number of leaf and ¯ower primordia per bud varied with shoot type. When the terminal buds on long shoots and
spurs were compared, those on long shoots showed more ¯owers and a higher ratio of leaf to ¯ower primordia.
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INTRODUCTION

Because they represent the plant's potential for both growth
and branching, buds are essential organs in the biology of
perennial plants. In most temperate species buds are
protected by scales, which in fact are modi®ed leaves,
covered by a thick cuticle. Scales are often hairy; hairs allow
air to be maintained around the bud and thus temper major
temperature ¯uctuations. Scaly buds contain an embryonic
stem, terminated by an apex, and organ primordia which
originate from the outer cell layers of the meristematic zone
(Camefort, 1977). These organ primordia, which develop
after a period of time corresponding to winter in temperate
regions, are called preformed organs. In contrast, when
organogenesis and elongation occur without any resting
period, the resulting organs are called neoformed organs
(Rivals, 1965).

Scaly bud formation was described many years ago in the
apple tree. One of the ®rst descriptions of winter bud content
was proposed by Abbott (1970): `These consist of nine
budscales, three transition leaves, six true leaves and three
bracts. The axis is terminated by a ¯ower primordium (the
`King' ¯ower), and lateral ¯ower primordia are formed in
the axils of the three bracts and the three distal leaves.' It is
noteworthy that this very precise de®nition did not include
any quantitative variation in bud constitution. This study,

like most of the others dealing with the winter bud content
of apple trees (Fulford, 1965, 1966; Luckwill, 1974; Abbott,
1977), mainly described buds which were terminal on spurs,
and focused particularly on the dynamics of fruit-bud
organogenesis. The main objective of these studies was to
understand fruit-bud formation and its correlation with
leaves. These studies led to precise descriptions of the ¯oral
bud formation as reported by Verheij (1996): `the ®rst leaf
primordia that differentiate transform into scales while the
following ones transform into transition leaves and ®nally
into `true' leaves. Soon after bud burst, scales and transition
leaves abscise while the `true' leaves primordia give rise to
leaves photosynthetically active.'

The idea that winter bud content could vary as a function
of within-tree bud position was ®rst suggested by Critch®eld
(1960) and Rivals (1965). This latter investigated the
number of scales and primordia in a large number of fruit
tree species, with buds being sampled in equivalent
positions. This sampling method led to almost identical
bud contents expressed as a percentage (not a constant
value). More recently, winter bud content was explored in
relation to within-tree bud position and the vigour of the
parent shoot, in several species: Larix laricina (Remphrey
and Powell, 1984), Fraxinus pennsylvanica (Remphrey and
Davidson, 1994), Persea sp. (Thorp et al., 1994), Juglans
regia (Sabatier and BartheÂleÂmy, 2000) and Nothofagus sp.
(Souza et al., 2000; Puntieri et al., 2002). These studies* For correspondence. costes@ensam.inra.fr
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showed that winter bud content varied with the within-tree
bud position and highlighted a relationship between bud
dimensions and (a) the number of primordia and (b) the
parent shoot vigour and further shoot development. When
annual shoots are composed of preformed organs only the
number of preformed primordia can be an ef®cient predictor
of annual shoot length, even though several growth cycles
can be observed during a growing season. This is the case
for Pinus pinaster Ait. (Kremer, 1981). However, in many
species, shoots can develop a neoformed part after expan-
sion of preformed organs, and this capability, which also
depends on within-tree position, has been interpreted as a
feature that provides plasticity in shoot development (HalleÂ
et al., 1978; Puntieri et al., 2002).

In apple trees, the different shoot types that can develop
from winter buds have been classi®ed according to the
length of the neoformation period and their growth rhythm
(Crabbe, 1984). Shoot development and the trade-off
between preformed and neoformed organs have been
shown to depend on within-tree bud position, and this
both at annual shoot and whole tree scales (Costes and
GueÂdon, 2002; Costes et al., 2003). As in other species,
neoformation has been shown to develop mostly during
early tree development, on the trunk, main branches and
vigorous shoots (Remphrey and Powell, 1984; Costes,
1993), and the progressive reduction in neoformation has
been shown to be identical for all branches within a tree
(Costes et al., 2003). Since bourses (or ¯oral units) are
entirely preformed (Crabbe and Escobedo-Alvarez, 1991),
the question of the winter bud content is a key feature in
better understanding the within-tree distribution of fruiting
potential. Moreover, the early development of fruit, includ-
ing cell divisions and fruit set, has been shown to depend on

spur leaf photosynthesis (Hansen, 1971; Lakso, 1984).
During the ®rst 3 weeks after full bloom, fruitlet and bourse
shoot development are competing for current assimilates
(Abbott, 1970; Ferree and Palmer, 1982). Thus, the
variation in the number of preformed leaves is of particular
interest, especially for spurs which are the most numerous
shoot type within a canopy (Lakso, 1984, WuÈnsche et al.,
1996). Previous studies demonstrated that both the number
of ¯owers per spur and fruit set depend on their within-tree
position, considered as height from the soil (Barritt and
Konishi, 1993; (Barritt et al., 1987). Recently, the number
of ¯owers per spur was evaluated for a range of apple
cultivars and climatic conditions (Ferree et al., 2001) but not
with respect to within-tree variation.

The study described here examined the variation in the
number of preformed organs, including scales, leaves and
¯ower primordia, in the winter buds of the `Granny Smith'
apple cultivar. Winter bud content was studied with respect
to bud position on annual shoots, and according to
branching order and shoot age in 3-year-old branching
systems. Terminal buds were compared for both long shoots
and spurs. In addition, the percentage of winter buds that
differentiated into in¯orescence was determined for buds in
different within-tree positions. The insertion rank of the
axillary ¯owers and the number of ¯owers per bud were also
investigated and the results expressed according to bud
position.

PLANT MATERIAL AND METHODS

Observations were carried out on 80 8-year-old apple trees
(Malus 3 domestica Borkh), cultivar `Granny Smith'
grafted on M9. The trees were planted at the Centre
Experimental en Horticulture de Marsillargues (CEHM,
South of France) and were organized in two rows with tree
spacing of 4´5 3 1´5 m. The Solaxe training system
(Lespinasse and Lauri, 1999) was used and the classical
agronomic practices of commercial orchards were applied
for irrigation, fertilization and thinning.

On each tree, a single branching system developing at
trunk curvature, i.e. corresponding to a reiterated complex,
was selected for bud examination on the basis of two
criteria: (1) all branching systems were 3 years old; and (2)
they had not been pruned since the start of their develop-
ment. Because they were all located on the upper part of the
trees, the selected branching systems were assumed to be
comparable regarding their environmental conditions, par-
ticularly as concerns their light environment. Since reiter-
ated complexes are assumed to be similar in structure to the
young tree (Oldeman, 1974), the relative branching orders
used in the complexes are similar to those usually de®ned at
the whole tree level: order 1 represents the trunk, order 2 the
branches borne along the trunk and so on (Fig. 1).

In January, after the reiterated complexes had been
collected, all the buds were cut and sorted into nine
categories as indicated in Fig. 1.

1: apical buds in order 1
2, 3 and 4: axillary buds on 1-year-old annual shoots in

order 1, in the upper third, median and proximal third

F I G . 1. Positions of the buds sampled in the branching system. 1, Apical
buds of 3-year-old long shoots in order 1; 2, 3 and 4: axillary buds,
respectively, in distal, median and proximal positions; 5 and 6, apical buds
on 1- and 2-year-old long shoots in order 2; 7 and 8, apical buds on
1- and 2-year-old spurs in order 2; 9, apical buds on long shoots in order 3.
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5 and 6: apical buds on 1-year-old and 2-year-old long
shoots, in order 2

7 and 8: apical buds on 1-year-old and 2-year-old spurs,
in order 2

9: apical buds on 1-year-old long shoots in order 3
Some reiterated complexes did not show any order 3

branches and consequently the total number of observed
buds was less for this category (55 buds).

The buds were then ®xed in 70 % alcohol and dissected
under a 10±50 binocular microscope (aus JENA GSZ). The
proportion of buds differentiating into a ¯oral bud was ®rst
determined for each bud position. During bud dissection, the
scales and transition leaves were grouped together and were
considered as scales. `True' leaf primordia were counted for
each bud. Scales were brownish and hard, and made up of a
single structure. `True' leaf primordia were more ¯exible
and hairy, consisting of three parts, i.e. the future blade and
the two lateral stipules.

As previously described by several authors (Abbott,
1970; Luckwill, 1974; Escobedo Alvarez, 1990), ¯owers
were located in axils of primordia and the king ¯ower was
located terminally. Even though a continuum was observed
between the `true' leaves and bracts, for simplicity all
primordia bearing an axillary ¯ower were considered as a
bract. Total ¯owers and their insertion rank from the basis
were counted for each dissected bud. Since the bracts in
some buds did not bear ¯owers, the number of bracts did not
correspond to the number of ¯owers. Consequently, the total
number of preformed organs was considered as the sum of
the scales, leaf primordia initiated before the ®rst axillary
¯ower and bracts. Even though the leaves of the future
bourse shoot were sometimes already visible, they were
distinguishable in very few buds and were not taken into
account in what follows.

All statistical analyses were performed using Statistica
software (Kernel version 6.0; StatSoft, Inc.). Proportions of
¯oral buds per bud category were compared using a c2-test.
Because of the low number of vegetative buds in some
positions, the investigation of bud constitution was per-
formed mainly on ¯oral buds. When the number of buds per
category was more than 30 and the number of organs

followed normal distributions, Newman±Keuls test was
performed to compare mean values between the different
bud positions. This was observed for all buds in terminal
positions and for axillary buds when their nature (¯oral vs.
vegetative) was not considered. When ¯oral and vegetative
axillary buds were considered separately, the number of
buds per position was not constant and was low in some
positions. In these cases, non-parametric Mann±Whitney U
tests were performed for comparing the insertion zones.
Correlations between the number of ¯owers and the other
organs (total number of preformed organs, scales and leaf
primordia) were investigated for all buds grouped and for
each bud category.

RESULTS

Proportion of ¯oral differentiation in winter buds

Buds in terminal position either on long shoots or spurs
differentiated into ¯oral clusters in similar proportions
(Table 1). Indeed, regardless of the branching order and
shoot age, 90±100 % of buds differentiated into ¯oral buds.
In contrast, buds in axillary positions on 1-year-old long
shoots differentiated less often into a ¯oral bud. In addition,
a marked gradient was expressed depending on the insertion
zone: in the upper zone, 87´5 % of buds differentiated into
¯oral clusters vs. 62´5 % in the median zone and 13´75 % in
the proximal zone. Thus, the higher the zone, the most
frequently buds differentiated into in¯orescences. Because
of these differences in the proportion of ¯oral differenti-
ation, and therefore in the number of ¯oral/vegetative buds
observed in the different bud positions, further analyses
mainly focused on ¯oral buds. In addition, axillary ¯oral
and vegetative buds were considered separately and differ-
ent statistical tests were performed.

Total number of organs per bud

The total mean number of organs per ¯oral bud, i.e. all
scales, leaf primordia and bracts, was quite similar for all
buds in the terminal position of shoots, ranging from 18 on
1-year-old spurs to 21´6 on long shoots in order 1
(Table 2A). Only these two extreme categories were
signi®cantly different from the others, while the four other
shoot categories exhibited similar mean numbers of
primordia (about 20) in terminal buds. An increase in the
total number of organs was observed between the 1-year-old
and 2-year-old shoots, particularly in spurs.

In axillary buds, the number of organs in the ¯oral buds
was signi®cantly less than in the terminal position and
varied from 14 to 17. When all axillary buds were
considered together, those in distal and median zones
contained about 15 organs while those in the proximal zone
developed only 11 organs. The difference was signi®cant
between the proximal and the two other zones. When ¯oral
and vegetative buds were considered separately, the buds
located in the median zone contained slightly more organs
than those in distal and proximal zones. However, this
difference did not follow either an acrotonic or a basitonic
gradient and was less that the difference observed between

TABLE 1. Percentage of ¯oral buds at different bud
positions within 3-year-old branching systems of `Granny

Smith'

Shoot age

Branching order 1-year-old 2-year-old 3-year-old

1 Long shoots 90 (72/8)a

2 Long shoots 92 (74/6)a 95 (76/4)a

2 Spurs 100 (80/0)a 98 (78/2)a

3 Long shoots 100 (55/0)a

Axillary buds Distal Median Proximal
87´5 (70/10)a 62´5 (50/30)b 13´75 (11/69)c

Numbers of ¯oral/vegetative buds are indicated in brackets.
Values with the same superscript letters are not signi®cantly different

according to a c2 test (P < 0´01).
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¯oral and vegetative axillary buds. Indeed, the vegetative
buds in axillary positions contained signi®cantly fewer
preformed organs than all the other buds, irrespective of
position.

Number of scales and leaf primordia at different bud
positions

The mean number of scales and leaf primordia initiated
before the ®rst axillary ¯ower in terminal buds varied,
depending on bud position and, to a greater extent, than the
total number of organs (Table 2B and C). However, the
standard deviations were always smaller than the corres-
ponding mean values, indicating only small variations
occurred within each bud category. The mean number of

scales and leaf primordia varied in opposite directions: the
long shoots in order 1 showed the highest number of leaves
and the lowest number of scales per bud, while spurs
possessed the highest number of scales and the lowest
number of leaves. More generally, regardless of shoot age,
the mean number of leaf primordia was higher for buds
terminating long shoots than those terminating spurs, while
the reverse was observed for the mean number of scales.

The mean number of leaf primordia was affected by
branching order: the greater the branching order the fewer
the leaf primordia. However, in order 2, the mean number of
leaf primordia increased with shoot age for both long shoots
and spurs (even though the difference between 1-year-old
and 2-year-old spurs was not signi®cant). The older the
shoot, the higher the number of leaf primordia. In order 3,
the mean number of leaf primordia was comparable to that
of buds of the same age in order 2, but was less than for
2-year-old buds in order 2. This suggests that shoot age may
have more impact than branching order.

In contrast, the number of scales did not vary with shoot
age in the same direction in terminal buds on long shoots
and spurs: terminal buds on long shoots contained fewer
scales and more leaf primordia when on 2-year-old shoots
than on 1-year-old shoots, while the reverse was observed
between 1- and 2-year-old spurs. Consequently, the increase
observed in the total number of organs on 2-year-old spurs
mainly resulted from the increase in the number of scales.

Axillary buds on 1-year-old long shoots showed the
lowest mean number of scales. When the nature of the bud
(¯oral vs. vegetative) was ignored, the buds located in the
median zone had the highest number of scales. However, no
signi®cant difference was found between the three zones for
either ¯oral or vegetative buds, or when comparing these
two bud categories. Less contrast was observed between
axillary and terminal buds regarding the mean number of
leaf primordia, since axillary buds did not signi®cantly
differ from 1-year-old long shoots in either order 2 or 3. In
addition, axillary buds contained similar mean numbers of
leaf primordia in both ¯oral and vegetative buds. Finally,
the lower number of total organs contained in axillary buds
compared with terminal buds resulted from a lower number
of scales, not a lower number of leaf primordia.

Mean number of preformed ¯owers per cluster

The number of ¯owers per in¯orescence also varied
according to bud position (Table 3). Mean values varied
from 5´18 to 3´45, i.e. by a factor of 1´5. The highest mean
number of ¯owers per bud was found on the terminal buds
of long shoots, particularly in orders 2 and 3. Fewer ¯owers
were found in order 1 but the difference was not signi®cant
when compared with 1-year-old long shoots. In the same
manner as the number of leaves, the mean number of
¯owers increased slightly from 1-year-old to 2-year-old
spurs and long shoots in order 2 (even though the difference
was not signi®cant for long shoots). Regardless of shoot age,
spurs had a signi®cantly lower mean number of ¯owers per
cluster than long shoots at the same order.

Axillary buds on 1-year-old long shoots possessed the
lowest mean number of ¯owers, i.e. about three or four

TABLE 2. Mean number of (A) total preformed organs
(including scales, leaf primordia and bracts), (B) scales and
(C) leaf primordia (initiated before the ®rst axillary ¯ower)
contained in buds at different positions in 3-year-old

branching systems of `Granny Smith'

Shoot age

Branching order 1-year-old 2-year-old 3-year-old

(A) Total preformed organs
Terminal buds

1 Long shoots 21´62 (2´49)a

2 Long shoots 20´32 (1´61)b 20´63 (2´06)ab

2 Spurs 17´99 (1´77)c 20´79 (2´06)ab

3 Long shoots 20´29 (2´44)b

Axillary buds Distal Median Proximal
15´04 (3´23)d 15´30 (2´73)d 11´38 (2´42)e

*Floral buds 15´51 (2´93)d 16´62 (2´33)c 13´82 (2´68)d

*Vegetative buds 11´70 (3´43)ef 13´10 (1´77)e 10´99 (2´15)f

(B) Scales
Terminal buds 1-year-old 2-year-old 3-year-old

1 Long shoots 5´57 (1´66)e

2 Long shoots 7´18 (1´10)c 5´87 (1´53)e

2 Spurs 7´91 (1´06)b 9´90 (1´61)a

3 Long shoots 6´53 (1´14)d

Axillary buds Distal Median Proximal
3´73 (0´98)g 4´16 (0´74)f 3´04 (0´86)h

*Floral buds 3´80 (0´96)f 4´2 (0´67)f 3´6 (0´92)f

*Vegetative buds 3´20 (1´03)fg 4´1 (0´84)f 2´94 (0´82)g

(C) Leaf primordia
Terminal buds 1-year-old 2-year-old 3-year-old

1 Long shoots 11´19 (1´93)a

2 Long shoots 8´07 (1´83)c 9´55 (2´06)b

2 Spurs 4´64 (2´01)d 5´33 (1´20)d

3 Long shoots 7´98 (1´67)c

Axillary buds Distal Median Proximal
7´96 (2´35)c 8´50 (1´86)c 7´86 (1´58)c

*Floral buds 7´88 (2´30)c 8´20 (1´99)c 6´73 (1´49)c

*Vegetative buds 8´50 (2´72)bc 9´0 (1´53)b 8´04 (1´53)c

Standard deviations are indicated in brackets.
For values with the same superscript letters no signi®cant difference

was obtained between the corresponding mean values by a Newman±
Keuls test (P < 0´01) or * with a Mann±Whitney U test (P < 0´01).

584 Costes Ð Winter Bud Content According to Branching Position in Apple



¯owers per cluster. These means were signi®cantly lower
than those on terminal buds but were not signi®cantly
different from one zone to another.

Relative number of ¯owers and other organs in buds

In ¯oral buds, all the ¯owers except the king ¯ower
differentiate in the axils of bracts. A correlation was sought
between the number of ¯owers per bud and the other organ
categories (total number of preformed organs, scales and
leaf primordia). No correlation was found when all bud
positions were considered together. A possible relationship
was therefore investigated for each bud category, gathering
buds per class of similar number of ¯owers. The three mean
numbers of preformed organs (total, scales and leaves) were
plotted for each class of ¯ower number (Fig. 2).

In axillary buds, the mean values of total number of
preformed organs increased linearly with the number of
¯owers, while the mean number of scales and leaf primordia
remained constant. This was observed in distal positions and
to a lesser extent in median and proximal positions. In these
bud categories, mean values of total organs varied from 10
to 20. In the other bud categories, the mean values of total
organs was higher (varying from 17 to 27, Fig. 2 and
Table 2A) and remained constant in each bud category with
increasing number of ¯owers. In contrast, in four bud
categories, the mean number of leaf primordia decreased
linearly when the number of ¯owers increased: (1) terminal
on long shoots in order 1; (2 and 3) terminal on 1-year-old
and 2-year-old long shoots in order 2; and (4) 1-year-old
spurs. No relationship was detected for buds in order 3 or for
2-years old spurs.

The ratio of the number of leaf primordia to the number of
¯owers per ¯oral cluster was calculated and compared
according to ¯oral bud position (Table 4). This showed a
gradient in the number of leaves per ¯ower. The ratio was
highest for buds in the terminal position in order 1 (more
than two leaves per ¯ower) and for axillary buds in distal
and median positions. However, the high value obtained in

this latter case resulted from the small number of ¯owers per
bud. Buds in terminal positions on long shoots in order 2
possessed fewer than two leaves per ¯ower. Those in order
3, with a mean ratio of 1´5 leaves per ¯ower, showed
intermediate values not signi®cantly different from those on
long shoots in order 2 or from spurs. Buds terminal on spurs,
regardless of age, possessed the lowest number of leaves per
¯ower (about 1´2). In both spurs and long shoots in order 2,
standard deviation values decreased from 1-year-old to
2-year-old shoots. Finally, the ratio between the number of
leaf primordia and the number of ¯owers per bud depended
on both branching order and shoot type, but remained
constant with shoot age.

DISCUSSION

A particularly high proportion of terminal buds differenti-
ated into ¯oral buds on both long shoots and spurs. This is in
agreement with the terminal and regular bearing behaviour
of `Granny Smith' (Lespinasse, 1977).

The mean total number of organs re¯ected the organo-
genetic activity of the corresponding meristem before it
entered into dormancy. The mean values obtained from
about 20 organs, are consistent with those previously
reported (Abbott, 1970). The main differences observed
between bud positions concerned axillary vs. terminal buds
and to a lesser extent the bud positions within branching
systems. The differences found between bud positions
resulted from as least two factors: branching order and shoot
age. Since shoot age in perennial plants is strongly
correlated with shoot position, the sampling method did
not allow us to compare shoots of similar age at different
branching orders. Although these two factors could not be
clearly separated in this study, shoot age seemed to have a
greater effect than branching order.

The differences in the total number of organs between bud
positions did not correspond to the growth period of the
corresponding shoots since the largest numbers of organs
were found in the most apical buds (i.e. in order 1) which are
supposed to continue growing for the longest period. In other
words, the buds which contained the most organs differen-
tiated the latest. This suggests that no simple relationship
exists between the period of bud formation and its
organogenesis, at least regarding the number of differenti-
ated organs, contrary to the suggestion of Luckwill (1974).
In contrast, the differences observed were in agreement with
the morphogenetic gradients in plant architecture as dem-
onstrated previously in several species by BartheÂleÂmy et al.
(1997) and in apple trees by Costes et al. (2003): buds in
terminal positions on long shoots possessed more organs
than those on spurs at the same age, themselves possessing
more organs than axillary buds. These results are consistent
with those of other studies conducted in different species and
demonstrating a decrease in the number of preformed leaves
with branching order (Remphrey and Davidson, 1994).
However, the results obtained in the present study suggest
that an additional effect may result from meristem age.
Indeed, axillary budsÐthe ®rst development stage of a
newly formed meristemÐdifferentiated fewer organs that
all other bud categories. When axillary buds were compared

TABLE 3. Mean number of ¯owers per ¯oral bud at
different bud positions in 3-year-old branching systems of

`Granny Smith'

Shoot age

Branching order 1-year-old 2-year-old 3-year-old

Terminal buds
1 Long shoots 4´68 (1´16)b

2 Long shoots 5´00 (0´88)ab 5´18 (0´89)a

2. Spurs 4´08 (0´62)c 4´58 (0´57)b

3 Long shoots 5´11 (0´53)a

Axillary buds Distal Median Proximal
3´60 (0´91)d 3´88 (0´96)cd 3´45 (1´51)d

Standard deviations are indicated in brackets.
For values with the same superscript letters no signi®cant difference

was obtained between the mean values by a Newman±Keuls test
(P < 0´01).
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with 1-year-old and 2-year-old spurs which correspond to
subsequent stages in meristem life, this showed a progres-
sive increase in organogenesis. A similar though less marked
increase was also observed from 1-year-old to 3-year-old
long shoots.

A clear basipetal gradient in ¯oral differentiation was
observed for axillary buds according to their insertion zone

along the parent shoot. No gradient was found in the axillary
buds for either the number of organs or the number of scales
or leaf primordia between the three zones along the parent
shoot. The lower number of organs observed in the proximal
zone resulted from the higher proportion of vegetative buds
in this zone. Different results have been found in different
species regarding the existence of a basipetal gradient.

F I G . 2. Mean number of total preformed organs (m), leaf primordia (j) and scales (r) according to the number of ¯owers per bud and at different
bud positions in 3-year-old branching system of `Granny Smith'.
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Remphrey and Davidson (1994) and Puntieri et al. (2002)
showed a basipetal decrease in Fraxinus pennsylvanica and
Nothofagus antarctica, respectively, whereas the number of
leaf primordia was shown to be constant in Persea (Thorp,
1994) and Juglans regia (Sabatier and BartheÂleÂmy, 2000).
The results presented here show that the number of leaf
primordia in the `Granny Smith' apple trees studied is
constant in axillary winter buds along a parent shoot. The
difference in subsequent shoot development leading to the
acrotonic gradient of laterals observed on apple tree annual
shoots (Champagnat, 1947; Cook et al., 1998) may result
from differences in neoformation development or might
occur during the last stages of bud development, just before
bud break, as observed in Persea (Thorp, 1994).

Vegetative buds, which were studied solely in axillary
positions, differentiated fewer organs than ¯oral buds in
similar positions. But the difference did not depend on either
the number of scales or the number of leaf primordia. This
suggests that organogenesis stopped in these buds before
they possessed the minimum number of organs which must
be initiated before ¯owers differentiate, as suggested by
previous authors (Abbott, 1970; Luckwill, 1974).

Floral bud constitution clearly depended on bud position
in the branching systems. When bud position was not taken
into account, no signi®cant correlation was found in ¯oral
buds between organ categories, including between the
number of ¯owers per bud and either the number of leaf
primordia or the total number of organs. This agrees with
the results obtained by Verheij (1996) under different
experimental conditions, and particularly different
temperatures.

Floral buds in axillary positions signi®cantly differed
from those in terminal positions: they contained fewer
scales and ¯owers but a similar number of leaves when
compared with terminal buds. Regarding the constitution of
¯oral buds in terminal positions, those on spurs contained
fewer leaf primordia and ¯owers than the mean values cited
in previous studies. Fulford (1966) counted about eight leaf
primordia before ¯ower occurrence in spurs. Similarly,
Ferree et al. (2001) found a higher mean number of ¯owers

per spurs in different cultivars and climatic conditions, even
though their study did not include `Granny Smith'. This
could result from the absence of pruning on the studied
branching systems which may enhance competition be-
tween the developing buds. The organogenesis occurring
within buds before they enter into dormancy could thus
respond to source/sink relationships between other organs
developing during the growing season, such as leaves, fruits,
shoots and roots. Another reason could be that `Granny
Smith' is a relatively old cultivar and more modern apple
cultivars could have a different bud constitution.

Floral buds in terminal positions on long shoots contained
proportionally fewer scales and more leaves than those on
spurs. They also contained more ¯owers, particularly when
located in orders 2 and 3.

The consideration of bud position highlighted two main
situations regarding bud constitution. In axillary buds, an
increase in the number of ¯owers corresponded to an
increase in the mean values of the total number of
primordia, suggesting that the organogenetic activity of
the meristems could be a limiting factor for ¯ower
differentiation. Similar assumptions have been proposed in
previous studies, particularly regarding the role of scales in
¯oral differentiation (Crabbe and Escobedo-Alvarez, 1991;
Fulford, 1965, 1966; Abbott, 1970; Luckwill, 1974) but
without any mention of bud position. The second situation
corresponds to most of the other bud positions, in which
more primordia differentiated. In this case, a trade-off
between leaf and ¯ower primordia was observed: the more
¯owers the fewer leaves. This suggests that the length of
time between ¯oral initiation and organogenesis cessation
affects the number of differentiated ¯owers. However, no
signi®cant relationships were observed in bud positions
corresponding to the periphery of the branching systems.
These locations may correspond to `stable' situations where
fewer ¯uctuations in the timing of bud formation and
thereafter in bud constitution occur. This is supported by the
lower standard deviations observed with shoot age in both
long shoots and spurs.

The ratio of the number of leaves to ¯owers could be used
to de®ne `¯oral bud quality'. Indeed, bourse leaves provide
most of the assimilates to the young ¯owers, at least during
fruit set and in the early stages of development in young
fruits (Hansen, 1971; Lakso, 1984), while bourse shoot
leaves have been shown to be involved in return bloom
phenomenon on spurs (Proctor and Palmer, 1991). It can
thus be assumed that a high ratio is a ®rst step to obtain a
high fruit yield. The results presented here showed quite a
high ratio in axillary buds, regardless of their insertion zone.
However, this resulted from a very low number of ¯owers
and from their immaturity since they did not develop more
than 15 organs on average. In fact, these lateral ¯owers are
known to be poorly productive and are usually removed in
conventional conditions. The ratio for terminal buds on long
shoots decreased with branching order but was always
higher than for terminal buds on spurs, whose signi®cantly
lower ratio was mainly due to a small number of leaf
primordia and a relatively high number of scales. In
addition, the number of scales increased with spur age,
resulting in a lower ratio. This suggests that ¯oral buds on

TABLE 4. Mean ratio of the number of leaf to ¯ower
primordia per ¯oral bud at different bud positions in 3-year-

old branching systems of `Granny Smith'

Shoot age

Branching order 1-year-old 2-year-old 3-year-old

Terminal buds
1 Long shoots 2´76 (1´87)a

2 Long shoots 1´92 (2´08)bc 1´97 (0´86)bc

2 Spurs 1´21 (0´66)d 1´18 (0´30)d

3 Long shoots 1´58 (0´37)cd

Axillary buds Distal Median Proximal
2´42 (1´21)ab 2´33 (1´16)ab 2´73 (2´35)a

Standard deviations are indicated in brackets.
For values with the same superscript letters no signi®cant difference

was obtained between the mean values by a Newman±Keuls test
(P < 0´01).
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spurs are of poorer quality, at least in the experimental
conditions presented here. Again, this situation could result
from the absence of pruning on the branching systems
studied and consequent competition between the developing
buds. This can be different in orchards where long shoots
are removed because tree production is considered to rely
quantitatively on fruiting spurs (Lakso, 1984; WuÈnsche
et al., 1996).
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