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Abstract. In theolive (Olea europaea L .), inflorescence and flower differentiation occur in
the early spring following a period of winter chilling and dormancy of the potentially
reproductive buds. We examined the size, structure, and starch content of these buds
during winter rest in the field and during forcing under standard growth-chamber
conditions. Basic bud structure and dimensions remained unchanged during the rest
period, but starch content increased in thebud’scentral axis. When cuttingswer efor ced
in the growth chamber, the buds followed a morphogenetic pattern similar to that
observed in the field, but the sequence of developmental events could be timed more
precisely. Thefirst changesobser ved wer ethe onset of axisgrowth and thedifferentiation
of axillary primordiawithin 3 daysof transfer to the growth chamber. Thiswasfollowed
by theinitiation of new nodes, and, at 15to 18days, by thefir st signsof flor al differ entiation
in theterminal and axillary bud apical meristems. Bud growth and differentiation were
accompanied by a decrease in starch content.

Olive flowering occurs in axillary buds of
the previous year's growth. Traditionally,
winter chilling accumulation was believed to
be required for floral induction (Hackett and
Hartmann, 1963, 1964, 1967), although more
recent experimental data suggest that floral
inductionoccursprior towinter rest (Fernandez-
Escobar et al., 1992; Navarro et d., 1990;
Pinney and Polito, 1990; Stutte and Martin,
1986). This latter interpretation is further sup-
ported by Rallo and Martin (1991), who deter-
minedthat winter chillinginoliveisrequiredto
releaseprevioudyinitiated budsfromdormancy,
rather than to induce floral induction.

Studies of floral differentiation in olive
buds have detected no changes during winter
(Almeida, 1940; Hackett and Hartmann, 1963)
although Pinney and Polito (1990) found
changesin floral bud size and RNA content.
Themorphological development of reproduc-
tive buds toward the end of winter, when
budbreak occurs, has been characterized
(Almeida, 1940; Hackett and Hartmann, 1963;
King, 1938; Troncoso, 1968), but thereis no
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clear indication of the precise sequence of
events or the timing of the structural changes
involved. The high heterogeneity in the time
of budbresk in the field, even among indi-
vidual buds on the same branch (Troncoso,
1968), suggests the value of using standard
conditions to examine the changes that occur
during the release of reproductive buds from
dormancy (Rallo and Martin, 1991).

Woody shoot explants have been utilized
with great success to provide standardized
conditions for studying dormancy release in
buds of deciduous fruit trees (Saure, 1985).
Rallo and Martin (1991) adapted the use of
woody shoot explants to examine the role of
chilling in release of dormancy in initiated
olive floral buds. They reported healthy
viable material and budbreak activity up to
10-12 weeks after the leafy cuttings were
removed from the tree and transferred to con-
trolled experimental conditions.

Besides structural modifications, changes
instarch accumulationinthefloral bud during
winter rest and at budbreak have been related
to chilling accumulation and dormancy re-
lease in peach [Prunus persica (L.) Batsch.]
(Fengetal., 1974), sour cherry (P. cerasusL.)
(Felker et a., 1983), and other fruit tree spe-
cies (Lavee, 1973).

Weattempted to characterizethestructural
aspects and the changes in starch accumula-
tion of potentially reproductive floral buds
during endodormancy and in the early stages
of budbreak in olive. We removed buds from
treesin thefield at different times during the

endodormancy period, and also forced
budbreak in woody shoot explants in a con-
trolled environment in order to achieve stan-
dardized conditions for this process.

Materials and Methods

Plant material. Axillary buds were ob-
tained fromfive‘Manzanillo’ olivetreesatthe
Alameda del Obispo experimental farm in
Cordoba, Spain. The treesyielded poorly (<5
kg/tree) the previous season, so, since the
olivetreeis highly aternate bearing, the ma-
jority of the buds were expected to be
reproductive. Flowering statuswas confirmed
by observationsof bud developmentingrowth
chamber studies and by field observations of
bud growth later in the season.

Sampling procedure. Two different sam-
pling series were carried out to characterize
floral bud behavior during winter rest and
budbreak.

Rest period. Mid-shoot buds were col-
lected fromrepresentativeprevious-year shoots
of thetreesdescribed above, onthreedifferent
dates (10 Nov. and 12 Dec. 1994 and 20 Jan.
1995). These datesrepresent different periods
(initial, middle, and fina rest) in the winter
rest (endodormancy) period as determined in
previous studies (Fabbri and Alerci, 1999;
Hackett and Hartmann, 1964; 1967; Troncoso,
1968). Thelast date was about the time of rest
release (Rallo and Martin, 1991), and prior to
budbreak.

Budbreak at rest release. One-year shoots,
similar to those used for the rest-period bud
sampling, were collected from the same trees
onthefinal endodormancy date(20 Jan. 1995).
The shoot explants were placed in the growth
chamber for floral budbreak under uniform
conditions as described by Rallo and Martin
(1991). Shootswith=12 nodeswere cut inthe
fieldandimmersedinwater for transporttothe
laboratory. There, six-node leaf-bearing
explants were prepared, placed in vials
containing 8-hydroxyquinoline citrate (8-
HQC) at 200 mg-L, and put in the growth
chamber at 10 °C night/21 °C day with photo-
synthetic photon flux density (PPF) of 275
pmol-m2s, The flora buds were sampled
every 3 d (days 3, 6, 9, 12, 15, and 18) for
anatomical studies.

Bud preparation. All floral buds were
fixedin FAE (formalin : aceticacid : 60%
ethanol = 2:1:171.c.), embedded in paraffin,
sectioned at 12 um, and stained in safranin—
crystal violet—light green yellowish
(SAF-CV-LGY) (Gerlach, 1969) for floral
bud general structure, and in iodine : potas-
sium iodide (IKI) (Jensen, 1962) for starch
identification. Thefloral budsweresectioned
longitudinally, with the cut surface parallel
totheaxisbetween the petiol e of the subtend-
ing leaf and the shoot, using the petiole asan
aid for orientation (Fig. 1). Since olive buds
are decussate, the bracts of the odd-num-
bered nodes were al visible in the central
longitudinal sections(Fig. 2). A complete set
of serial sectionswasmadefrom each bud, so
the even-numbered nodes were counted and
observed in other noncentral sections.
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Fig. 1. Cutting orientation of olive buds (arrow) for
sectioning. The buds were sectioned longitudi-
nally, with the cut surface parallel to the axis
(A-A") lying between the petiol e of the subtend-
ing leaf and the shoot.

Bud measurement. The sections were ob-
served, and the nodes counted. M easurements
of bud dimensions of the central longitudinal
sections were made using an optical micro-
scopewithimageanalysis(VIDSV; Ai Cam-
bridge, Pampisford, U.K.). Bud axis height
and width (Fig. 2B) were determined for at
least seven samples per date and the data
obtained were processed by regression analy-
sis. Additionally, the apical dome width was
mesasured in the growth chamber samples.

Results and Discussion

Our observations characterized changesin
Size, structure, and starch content of poten-
tially reproductive olive buds during winter
rest in the field and during budbreak forced
under standardized growth chamber condi-
tions. Under these conditions, floral budbreak
isindicative of thetime of rest release. There-
fore, the changesat thistime should anticipate
later bud differentiation under field condi-
tions.

Rest period. On the first sampling date
(initia rest), the buds had four to five nodes,
each with two bracts inserted at the same
height in opposite positions. Bud primordia
occurred in the bract axils of the most basal
(first) node, and meristematic zones in the
bract axilsof the second (not shown) and third
node (Fig. 2A). No differenceswere observed
inthisbasic structure, including the number of
nodes, between buds sampled at the early,
mid, and final rest dates, nor were there sig-
nificant differences among datesin any of the
bud dimensions measured (Fig. 3). The struc-
ture of the potentially floral bud beforewinter
rest (Fig. 2) is consistent with descriptions by
Almeida (1940) and Hackett and Hartmann
(2963), who also observed axillary bud pri-
mordiain the basal nodes. Pinney and Polito
(1990) and Fabbri and Alerci (1999) described

Fig. 2. Olive bud structure. (A) Median longitudina section of floral bud collected on 10 Nov. 1994, stained
with SAF-CV-LGY. Dueto its decussate structure, only three (N1, N3, and N5) of the five nodes of the
bud arevisible. Each nodeisformed by two bracts; at this stage there were axillary primordiain the most
basal node (N1). Bar = 250 um. (B) Diagram of section 2A with measurementsindicated. W1 = width of
bud base; W2 =width of bud axisat thelevel of theaxilsof thefirst pairsof bracts; W3 =width of bud axis
at the level of the axils of the third pairs of bracts, H1 = height of the base of the first node; H2 = height
of the base of the third node; H3 = height of the base of the fifth node. The width of the apical domewas
also measured.
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Fig. 3. (A) width and (B) height of olivefloral buds on three sampling dates representing early, middle and
final rest. The dimensions measured (W1, W2, W3, H1, H2, and H3) arediagrammed in Fig. 2B. Bars
represent se.



Fig. 4. Central sectionsof olivefloral buds after staining with IKI. The zone pictured correspondsto H1in
Fig. 2B. Starch grains appear as dark spots. Bar = 50 pum. (A) Early rest (10 Nov. 1994); (B) final rest
(20 Jan. 1995); (C) day 3in growth chamber; and (D) day 9 in growth chamber. A and B were sampled
during rest, C and D at different times during bud break in the growth chamber.

similar structure but did not observe axillary
bud primordia until later dates. The lack of
observablemorphological changeduringwin-
ter rest agrees with the studies by Almeida
(1940), Hackett and Hartmann (1963), and
Fabbri and Alerci (1999). Pinney and Polito
(1990), however, observed elongation of the
floral bud axis between mid-November and
budbreak in late February, although therewas
no increase in node number.

Staining for starchwith IK| revealed alow
level of starch grainsin the bud at early rest
(Fig.4A) and anincreasein both grain number
andsizeat final rest (Fig. 4B). Theincreasein
starch content associated with accumulated
chilling during the rest period has been ob-

served in other fruit trees, such as sour cherry
(Felker et al., 1983) and peach (Feng et al.,
1974).

Budbreak at rest release. At final rest, the
timeof placementingrowth-chamber budbresk
conditions, axils at the third and fourth node
contained typical axillary meristematic zones
(Fig. 5A). Changes were observed in bud
morphology after day 3 in forced budbreak
conditions in the growth chamber. The axil-
lary meristematic zones developed into bud
primordia (Fig. 5B), as described by Hackett
and Hartmann (1963) for buds collected from
the field on 4 Mar. From that moment, rapid
morphogenetic activity occurredin all axilsof
the bud. After 9 d in the growth chamber,

axillary meristems were visible at the fifth
node (Fig. 5C). After 12 d, axillary budsat the
first node started to branch (Fig. 5D), similar
to the development observed by Hackett and
Hartmann (1963) for 18 Mar. and by Almeida
(1940) on 21 Feb.

Onday 12, theaxillary budsor bud primor-
diaof thefirst six nodes were clearly visible.
The first signs of floral differentiation ap-
peared on day 15 when, in the first and third
node axillary budsthe apices presented acen-
tral identation (Fig. 6A). This structure ap-
peared in the terminal meristem 3d later (Fig.
6B). Almeida (1940) described this phenom-
enon as occurring first in the terminal mer-
istem, on 2 Mar., followed soon after in the
lateral buds. Troncoso (1968) consideredthese
apical changesthe first definitive evidence of
olive floral differentiation. In field studies,
such changes have been detected at different
times depending on cultivar and climatic con-
ditions (Almeida, 1940; Fabbri and Alerci,
1998; Hackett and Hartmann, 1963; Troncoso,
1968).

The number of starch grains increased
slightly until day 3 after placement in the
growth chamber (Fig. 4B—C). The starch then
disappeared progressively, with only a few
grains remaining near the vascular tissue on
day 9 (Fig. 4D). These results suggest that
starch isused as an energy sourcein the early
stages of budbreak and inflorescence growth
and development, and agree with Lavee's
(1973) observation that the breaking of rest
coincided with a sharp decrease in starch
content.

Node number (Fig. 7) increased from five
onday 6to sevenonday 12. Fabbri and Alerci
(1999) observed the addition of two to three
nodes during floral budbreak in the cultivar
Nocellara Etnea and Hackett and Hartman
(1963) reported seven nodesina‘ Manzanillo’
inflorescence bud on 2 Apr. The width of the
apica domeappearedto shrink and swell (Fig.
7), possibly incoordinationwiththeformation
of new nodes, as is typical for leaf initiation
activity in shoot apical meristems (Steeves
and Sussex, 1989). The range in width of the
apical dome (Fig. 7) was similar to those
presented by Fabbri and Alerci (1999) for
flower bud apex widths.

Width and height of the different parts of
the bud axis increased during the 18 d in the
growth chamber (Fig. 8). Thegreatest changes
werein elongation in the oldest inflorescence
axis regions (H1 and H2). Growth in width
(Fig. 8A) and length (Fig. 8B) for all zones
started at the earliest dates, i.e., assoon asthe
explants were placed in conditions favorable
for budbreak. Both linear and quadratic re-
gressions for those data (Fig. 8) were per-
formed and both were found significant (P <
0.0001 for al variables). For thelinear regres-
sions, R? ranged from 0.47 to 0.66. When a
quadratic regression model was used, R? was
higher than in the linear regression for the
dimensions H1, H3, W1, and W2. Table 1
presents the best regression (linear or qua-
dratic) values for each dimension.

Both linear and quadratic regressions for
bud dimensions were significant (Table 1).



Therefore, the rate of growth of the bud axis
may have declined after 12 d (Fig. 8), when
initiation of new nodesonthemain axisceased
(Fig. 7). Intensive developmental activity oc-
curred in both axillary (Figs. 5D, 6A) and
apical (Fig. 6B) regions at this time, so a
decline in axis growth rate could represent a
redirection of resource utilization. A reduc-
tioningrowth of the bud axisbecause of aloss
of vitality or substrate availability in the ex-
plants, seemsunlikely since Rallo and Martin
(1991) demonstrated active budbreak in simi-
lar olive woody leaf-bearing explants after as
long as 10-12 weeks.

Both the sequence and morphological pat-
tern of budbreak observed for budson cuttings
in the growth chamber were generally similar
tothosedescribed for olivebudsinvivointhe
field (Almeida, 1940; Fabbri and Alerci, 1999;
Hackett and Hartmann, 1963; Troncoso, 1968).
Furthermore, the explant system allowed the
synchronization of budbreak and early inflo-
rescencedifferentiationunder controlled, stan-
dardized conditions; this permitted the accu-
rate observation of morphological changes, as
well as quantitative measurements, that could
not be achieved under the highly variable
conditionsinthefield (Almeida, 1940; Fabbri
and Alerci, 1999; Fenandez-Escobar et a.,
1992; Troncoso, 1986). Similar standardiza-
tionwasnot required for thewinter rest period
since the time interval was much greater and
developmental activity highly reduced.

In summary, olive bud development dur-
ing winter rest and budbreak was character-
Fig. 5. Morphogenetic activity in the axils of the bracts of olive buds as indicated by staining with  ized asfollows: at the onset of winter rest, the

SAF-CV-LGY.Bar=50um. (A) Axil of third nodeonfinal rest date (axillary meristematic zonewithin  budscontained fivenodes, with bud primordia

circle); (B) axil of third node after 3 d in the growth chamber (axillary bud primordium within circle);  intheaxilsof the most basal node (Figs. 2 and

(C) axil of fifth node after 9 d in the growth chamber (axillary meristematic zonewithincircle); (D) axil 3). That structure was maintai ned throughout

of first node after 12 d in growth chamber (branched axillary bud). the rest period, and bud starch content in-
creased considerably (Fig. 4 A-C). Active
growth and devel opment started assoon asthe
buds, having completed winter rest, were
placed in favorable conditions for budbreak.
The earliest changes, apparent at 3 d, werein
growth of the bud axis (Fig. 8) and formation

Fig. 6. Flord differentiation in olive buds asindicated by staining by SAF-CV-LGY . Bar =50 um. (A) Apical meristem of latera bud of thefirst node after 15din
the growth chamber; (B) terminal meristem at 18 d.
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Fig.8. (A) widthand (B) height of olivefloral budsduring growth chamber forcing conditions. Thedimensions
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Table 1. Best regressions between bud dimensions (um, see Fig. 8) and time (t) in days after 20 Jan. Both
linear and quadratic regressions were significant, and the best value for each dimension is presented.

Significance of

Dimension Adjusted R% Equation Constant t coef. t2coef.
H1 0.49 626 + 50.3t — 1.44t2 0.0001 0.0001 0.07
H2 0.55 175+ 18t 0.0001 0.0001
H3 0.69 43.3 + 15.4t — 0.42t2 0.0003 0.0001 0.02
W1 0.39 739 + 26.1t — 0.85t2 0.0001 0.0003 0.06
W2 0.63 301 + 18t —0.45t2 0.0001 0.0002 0.06
W3 0.50 152 + 5.4t 0.0001 0.0001

2All values significant at P < 0.0001.

of bud primordiain the axillary meristematic
zones (Fig. 6B). From 6-12 d axis growth
continued (Fig. 8), two additional nodeswere
initiated (Fig. 7) and axillary zone morpho-
genesis progressed (Fig. 5 C-D). By 15-18d,
the end of the period studied, developmental
activity was dominated by increased growth
and branching of thelateral budsand the onset
of floral differentiation, first visible in basal
axillary buds (Fig. 6A) and then at
18 d in the principal apex (Fig. 6B). During
budbresk, the starch content of the central
zone of the bud initialy increased and then
decreased gradually as bud devel opment pro-
gressed (Fig. 4).
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