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The induction and differentiation phases of reproductive buds of Coffea arabica L. have not received much attention. In the
present paper, axillary buds from five plagiotropic branches that developed in the same growing season without fruits (1st
crop branches), and from green segments of five recently grown plagiotropic branches with fruits (2nd crop branches), were
collected every two weeks during successive inductive months of the year. This study was carried out with adult arabica trees,
Catuai Vermelho cv. TAC 81, cultivated under normal farming conditions in the region of Campinas, SP, Brazil (22°54° Lat.
S). Slides of longitudinal-axial sections of 10-12 um thickness were mounted for the characterization and quantification of
histological stages of bud differentiation. The results indicate that the regulatory signals controlling the phases of induction and
differentiation of floral buds are distinct, and that there are differences in the response between branches with and without fruits.
In the case of 1st crop branches (no fruits present), induction of floral buds took place in January and February, whereas floral
bud differentiation was observed during the months of March and April. In 2nd crop branches (fruits present), the induction of
floral buds was observed during any month of the year provided that they had already overcome their juvenile state (October-
July, in this study). In these 2nd crop branches, the flower bud differentiation was only observed after harvesting all pre-existing
fruits of each branch (after May, in this study), which suggests that floral bud differentiation in Arabica coffee is influenced by
the source-sink relationship, i.e. by the presence of developing fruits within each plagiotropic branch.

Key words: arabica coffee, floral differentiation, floral induction, flower buds, histological differentiation, reproductive
development.

Inducio e diferenciacio de gemas reprodutivas Coffea arabica L.: As fases de indugio e diferenciagdo de gemas reprodutivas
tém sido pouco estudadas em Coffea arabica L. No presente estudo, gemas axilares de cinco ramos plagiotropicos formados na
estagdo de crescimento recente e sem frutos (12 produgio) e de segmentos recentes de cinco ramos plagiotropicos com frutos
(22 produgdo) foram coletadas quinzenalmente em diferentes épocas do ano. Foram utilizados cafeeiros arabica adultos var.
Catuai Vermelho, cultivados nas condi¢cdes ambientes de Campinas (latitude 22°06’LS), SP, Brasil. Laminas contendo cortes
longitudinais-axiais com cerca de 10-12 pm de espessura foram analisadas para a caracterizagdo e quantificagdo dos estadios
de diferenciacdo histologica. Os resultados obtidos indicam que os sinais que regulam a inducéo e a diferenciagdo das gemas
florais sdo distintos, bem como existem respostas diferentes para ramos de 12 e 22 produgdo. Para a regido de Campinas, em
ramos de 12 producdo (sem frutos), a inducdo de gemas florais ocorreu nos meses de janeiro-fevereiro. A diferenciacdo das
gemas florais foi observada a partir dos meses de margo e abril. Nos ramos de 22 producdo (com frutos), a indugdo floral
ocorreu durante todos os meses, uma vez superado o estado juvenil (outubro-julho, neste estudo). Nestes ramos com frutos,
a diferenciacdo das gemas florais ocorreu somente apos a colheita dos frutos pré-existentes nos ramos (a partir de maio),
sugerindo que a diferenciagdo floral estava sendo influenciada pelas relagdes fonte-dreno do cafeeiro. A diferenciagdo floral em
ramos contendo frutos mostrou-se intensamente influenciada pela presenca de frutos em desenvolvimento.

Palavras-chave: café arabica, diferenciacdo floral, diferenciagdo histoldgica, desenvolvimento reprodutivo, gema floral,
inducéo floral.
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INTRODUCTION

Flower bud formation requires a series of changes in the
differentiation pattern of apical or axillary buds (Thomas and
Vince-Prue, 1997). Flower bud development is a process
with a high level of complexity characterized by two distinct
physiological phases: (a) bud initiation; and (b) floral bud
development (Bernier, 1988). Internal and external signals
have a fine regulatory function on the timing of flowering
(Bernier et al., 1993; McDaniel, 1996). According with
McDaniel et al. (1992), once a meristem has been determined
to be reproductive it follows its program even in the absence
of inducing stimuli. On the other hand, the capacity to
respond to induction signals for reproductive development
depends on the physiological state of the plant or some plant
part. The transition between the juvenile and adult phase is
characterized by changes in meristem sensitivity to internal
and external signals of flower induction. At maturity, buds
become competent to respond to induction stimuli (McDaniel
et al., 1992).

Little is known about the induction and development
process of reproductive buds in Coffea arabica L. Most
of the information available covers the more advanced
developmental phases of reproductive buds. Furthermore,
experiments are rarely carried out under controlled
environmental conditions for perennial species, especially
for coffee because of its slow growth pattern.
studies,
conditions, showed that the formation of reproductive buds in

Three classic carried under greenhouse
young C. arabica cv. Bourbon plants was induced by short-
days. The critical photoperiod was determined to be between
13-14 hours (Franco, 1940; Piringer and Borthwick, 1955;
Went, 1957). In studies with adult coffee plants grown under
field conditions in Ruiru, Kenya (1°08° S), Cannel (1972)
concluded that despite coffee plants behaving as short-day
plants their sensibility sensitivity to photoperiod was very
low. According with to Cannel (1972), only quantitative
differences were observed between control plants (12 h) and
plants under different photoperiodic treatments (interruption
of nights by 3 h or 15 min). Among annual species (Labouriau,
1969; Zeevaart, 1976; Thomas and Vince-Prue, 1997) and
perennial species (Jackson and Sweet, 1972) photoperiodic
requirements for inducing the development of floral buds are
altered, or even eliminated, when plants are kept under infra
or supra optimum air temperatures.

In equatorial regions, where photoperiod is continuously
inductive to coffee plants, the period of more intense
differentiation of flower buds is attributed to lowering of
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temperature (Wormer and Gituanja, 1970a) and the presence
of moderate water stress (Trojer, 1956). Many authors
related the period of intense flower bud differentiation in C.
arabica and C.canephora to the previous vegetative period
(Moens, 1962; Boyer, 1969; Wormer and Gituanja 1970a,
1970b; Camayao et al., 2003). In Ruiru (Kenya 1°08’ S), the
flowering cycle was only modified by a pruning schedule,
delayed harvest on weak plants, or by insufficient rainfall
during the vegetative growth period (Wormer and Gituanja,
1970a,b).

In the foliar axils of lateral coffee branches, 4-5 buds are
present in a linear sequence, designated by Moens (1963) as
“serial buds”. The most developed bud of this series, the first
formed, can originate a new lateral branch or an inflorescence.
Histological analysis allows precise evaluation the timing
that vegetative buds begin the transition to the reproductive
phase (Moens, 1963; Barros et al., 1978).

The present study has the objective of identifying
the timing when axillary buds begin their reproductive
differentiation process and to characterize the dynamics of
the differentiation process in adult coffee plants, growing
under field conditions in the region of Campinas, SP, Brazil
(22054’ Lat. S).

MATERIAL AND METHODS

This study was carried in 1980-1981. Adult plants (6-7
years old) of Coffea arabica L. cv. Catuai Vermelho IAC 81
(H-2077-2-5-81), cultivated at the Experimental Center of
the Institute of Agronomy at Campinas (IAC), Sdo Paulo
State, Brazil were utilized in this study. Two groups of lateral
(plagiotropic) branches were analyzed: (a) branches without
fruits, collected in the upper third portion of coffee plants,
formed during the same vegetative period; and (b) recent
segments of lateral branches bearing fruits in their older leaf
axils, formed in the previous vegetative period.

During the first 2 years of this study (years I and II) only
“Ist crop branches” (fresh-formed branches) were studied.
In the subsequent years III and IV, “2nd crop branches”
(these bearing fruits in older leaf axils) were studied. During
the period between Febr.15 — April 24/Year-1 and between
Jan.06 — July 15/Year-1I, bi-weekly harvesting of five “Ist
crop lateral branches” were made. After removal of stipules,
the first serial buds, denominated as G1, were removed and
fixed in FAA 50%. Using the branch apex as reference, G1
buds were collected from 4th — 9th leaf axil position.

For recently grown segments of “2nd crop branches”,
bi-weekly harvesting of axillary buds were made during
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Nov.01/Year-III — June 30/Year-IV. G1 buds were removed
from young nodes (2nd — 3rd pair of leaves) and from older
nodes located at the 4th — 7th leaf pair, starting from the
apical portion of the branch, and fixed in FAA 50 %. Slides f
axial-longitudinal sections were prepared as described below
and then submitted to histological observation. Fixed buds
were washed in 70 % ethanol, dehydrated through a series
of tertiary butyric alcohol solutions and then included in
Parafilm. Axial-longitudinal sections 10-12 pum thick were
prepared and stained with 0.5 % safranin and fast-green.
The duration in the safranin solution varied according to the
developmental stage of the buds. For buds of 2 mm in size, or
smaller, a safranin bath of 15 min. was established, whereas
larger buds were kept 2-3 min. in the safranin solution.
Actotal of 13-34 G1 buds were studied for each collection
time over years [ and II, and 22-53 buds were analyzed at
each collection time over years III and V. This large number
of buds allowed the quantification of the evolution of several
bud differentiation phases at the histological level, over the
collection periods specified in this study for Years I - IV.

RESULTS AND DISCUSSION

Histological differentiation of flower buds: Floral meristems
are ecasily distinguished from vegetative meristems due to
their size difference. In general, floral meristems are larger
and broader than the vegetative ones. This size difference
is caused by a marked increase in the frequency of cell
division in the central meristematic zone during the transition
period from vegetative to floral stage (Fosket, 1994). In
C.canephora, when the axillary bud follows the reproductive
path, the central cells of the apical portion undergo frequent
periclinal and anticlinal divisions resulting in the broadening
and enlargement of the apical zone (Moens, 1963).
Non-differentiated axillary buds (at the vegetative state)
are characterized by a typical conical and narrow apex inserted
between the foliar and stipule primordia (Stage I; figures 1A
and 1B). The organizational pattern of C. arabica Stage-1
buds is the same as that normally observed in Angiosperm
vegetative apices, as described for C.canephora (Moens
1963). Buds at Stage-I are quiescent and undifferentiated
and they can form lateral branches (vegetative growth), floral
buds (reproductive growth), or stay in the undifferentiated
state (Moens, 1963). The developmental route of axillary
buds seems to be conditioned to climatic and physiological
factors, or to the cultural practices adopted (Moens, 1963;
Kumar, 1982). The frequency of secondary lateral branch
formation proved to be influenced inversely by the fruit load

present in arabica trees (Clowes and Wilson, 1977). After
the inductive flowering stimulus, the broadening and raising
phenomena of the apical domes appear to be common events
largely found in Angiosperms (Esau, 1960; Popham, 1963).
Coffee buds with a broad and flat apex were classified as
Stage-I1 buds (figures 1C and 1D). In Stage-II buds, the apical
zone has two lateral areas of intense cellular proliferation, in
which periclinal cell division predominates. These areas
give rise to a second pair of bracts and to the pedicel of the
future inflorescence (Dedecca, 1957; Moens, 1963). Moens
(1963) stated that the reproductive developmental route
in C.canephora becomes irreversible when the apices of
induced buds show a typical flat shape. However, Rainer
(1946) reported that pruning arabica trees in a region above
the induced nodes promoted a reversion to a vegetative route
in previously induced buds. The growth and differentiation
pattern of lateral regions of flat apices characterize the Stage-
I buds (figure 2A). The histological pattern of Stage-1V buds
is established by the general expansion of bud structures and
by the appearance of floral primordia in axils of first pair of
bract (figure 2B). In Stage-V buds, the reproductive bud apex,
present between leaf projections of the second pair of bracts,
begins to develop meristematic regions which will form the
future floral buds of the inflorescence (figure 2C). The next
recognized phase is Stage-VI buds, which corresponds to the
development of sepal and petal primordia on the flanks of
meristematic elevated zones of floral bud primordia (figure
2D). The presence of anther primordia defines Stage-VII
buds, whereas the presence of ovary primordia characterizes
Stage-VIII buds in this histological differentiation pattern
(not shown). Stage-IX buds are determined by the presence
of all completely defined floral verticilia. The ontogenetic
sequence of several floral verticilia in C. arabica is similar to
that described for numerous angiosperm species (Deddeca,
1957; Popham, 1963).

Dynamics of histological differentiation: In the region
of Campinas (SP, Brazil), vegetative growth of coffee is
intense between the months of September and March (warm
temperatures and abundant rainfall), but declines from April
on, reaching minimum values between June and August
(cold temperatures and very low or no rainfall). Barros
et al. (1997) concluded that the lowering of temperature
is the principal factor responsible for the regulation of
seasonal growth in the South-East coffee area in Brazil. The
most important flowering sets take place in the month of
September (beginning of rainfall season), and they depend on
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Figure 1. Axial-longitudinal sections of Gl-serial buds illustrating the vegetative state (undifferentiated buds; Stage I) and
the transition of buds to a reproductive route (Stage II) in C. arabica lateral branches: (A) apex with conical shape situated
between foliar primordia typical of Stage I (112 x); (B) detail of vegetative apex showing the bi-serial tunica (448 x); (C)
apex with typical flat shape characterizing Stage II of flower bud differentiation (90 x); (D) detail of bud apex at Stage II,
with flat and enlarged base showing two lateral groups of dividing cells (448 x).

the presence of axillary buds on at the leaf axils pre-formed
since August of the previous year (Majerowicz, 1984). The
pin-heads (small, green fruits) are visible in October and
November, and increase in size during February and March.
Fruit ripening takes place during the months of April and
June. Coffee harvest takes place during the months of May
to August (figure 3). A detailed phenological standardization
for C. arabica fruits under Brazilian tropical conditions was
recently described by Camargo and Camargo (2001).
During Years I and II of this study, we observed only
“Ist crop branches” (no pre-existing fruits) which developed
during the most recent growth period, i.e. branches
originating in August-September of the previous year.

Braz. J. Plant Physiol., 17(2):247-254, 2005

During the months of January and February/Year-I, it was
observed that the frequency of undifferentiated buds (Stage
I) was progressively reduced until they disappeared totally by
beginning of March (figure 4A). In both Years I and II of this
study, it was observed that Stage-I type buds had disappeared
by early March, when only Stage- I or Stage—III buds were
present (figures 4A and 4B). Flower bud differentiation
progressed to Stage-IV buds from mid-March onwards. From
this phase, the floral bud differentiation process underwent an
irreversible and accelerated sequence of events. The overall
observations indicated that floral induction and initiation
conditions for the reproductive buds of arabica coffee were
complete during the months of January and February in both
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Figure 2. Axial-longitudinal sections of G1 serial buds in process of flower differentiation in C. arabica: (A) Stage-III buds
highlighting the primordia of the 2" pair of bracts originated from cell division at apex lateral regions shown in Figure
1d (45 x); (B) Stage-IV buds, characterized by expansion of flower structures during the differentiation process. Note the
development of floral primordia at the axils of the 15! pair of bracts (56 x); (C) Stage-V buds showing floral bud primordia in
process of differentiation at the apical region located between the 2" pair of bracts (45 x); (D) Stage-VI buds identified by
the presence of meristematic regions located at the flanks of floral bud primordia, which will give rise to sepals and petals.
Two floral primordia are visible in the left axil of the 1% pair of bracts (45 x).

Year I and Year II of this study. The developmental process
of floral buds took place very rapidly from the 2nd half of
March onwards. It is noteworthy that the endosperm filling
phase of fruits was completed in March as well, and fruit
ripening began in the month of April. In full sun coffee trees,
high-yielding coffee varieties produce elevated amounts of

fruits, however without a control mechanism over the total
number of fruits being produced. Physiological disturbances,
like death of branches (die-back) and bi-annual yields, are
the consequence of a lack of a regulatory mechanism on
the total number of fruits produced. Cannell (1971, 1974)
showed that coffee fruits are stronger sinks than the stem
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Figure 4. Frequency of buds at different histological
differentiating stages in plagiotropic branches located at
the third uppermost portion of coffee plants, developed
during the most recent growing season: (A) quantitative
distribution of floral differentiating stages between
February and April of Year-I; (B) quantitative distribution
of floral differentiating stages between January and May
of Year-1I.
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apices, leading to a significant reduction in vegetative
growth during the season of a high bi-annual yield. Changes
in the sink-source at the final stage of endosperm storage
accumulation, associated with the progressive decline of
activity in vegetative apical meristems due to a reduction of
air temperature (Barros et al., 1997) and rainfall, could be
associated with an intense floral bud differentiation process
during the period from April to July.

In “2nd Crop branches,” studied in the period between
November/Year-III and July/Year-IV, G1 buds located
in the 2nd and 3rd node remained at Stage I until the
end of April (figure 5A). From April to June, these buds
progressively moved to Stage-II and Stage-III. This means
that the induction and initiation of these axillary buds took
place during the period from April to June, at which time
the production of new nodes became progressively slower
due to a reduction of vegetative growth (Majerowicz, 1984).
This behavior suggests that buds from newly-formed nodes

1}

in “2nd crop branches,” at the time of intense vegetative
growth, were not competent to respond to initiation signals
to become reproductive buds. They can be considered as
juvenile buds. Moens (1962) reported that the elapsed time
between node formation and the initiation of the reproductive
bud would depend on the season that the bud was formed,
which can vary from 1.8 to 2.3 months. The differentiation
of floral buds among axillary buds of 2nd and 3rd nodes only
took place from the second-half of the month of May.

The pattern for floral initiation among buds located at
the 4th and 7th node fluctuated between undifferentiated
(Stage I) and induced (Stages II and IIT) during the period of
November and end of March. State-I buds were progressively
disappearing during April and May (figure 5B). An intense
reproductive bud initiation (Stages II and IIT) was observed
in April, but floral bud differentiation was only observed
starting early May, a time at which this process assumed
intense activity.

The floral bud initiation pattern of buds from the 4th
to 7th node of “2nd crop branches,” (figure 5B) was quite
different from the pattern observed in buds of “lst crop
branches” (figures 4A and 4B). In the later case, induction
and floral initiation occurred during January-February,
whereas buds from “2nd crop branches” were already
induced in November. Undifferentiated buds (Stage I)
and induced buds (Stage II and III) are present in similar
proportion between November/Year-III and May/Year-1V.
This fact suggests that axillary buds were continuously
induced after buds were losing their juvenile state. Once
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buds were initiated to the reproductive path they remained
at Stages II and III until the beginning of May, when flower
differentiation effectively began. Camayo et al. (2003)
studied the dynamics of reproductive development in
Chinchina, Colombia (04° 59’ N) in terms of morphological
characterization of foliar axils and developing floral buds.
These authors verified that the differentiation of reproductive
structures occurred continuously at that location, since they
found all stages of floral bud differentiation throughout the
year. However, a greater frequency of reproductive buds at
certain times of the year was attributed to external factors
that promote vegetative growth (new nodes and new axillary
buds), mainly optimum rainfall and high irradiation.

The presence of developing fruits in “2nd crop branches”
(where fruits were present at older nodes) apparently caused
a delay of one-half month for the beginning of the floral bud
differentiation process in comparison to “lIst crop branches”
(branches without fruits). In the case of “2nd crop branches”
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Figure 5. Frequency of buds at different histological
differentiating stages between November Year-III and
July Year-IV in plagiotropic branches developed in the
previous growing season. These branches were located
in the middle portion of the plant, bearing fruits in their
old leaf axil nodes: (A) buds located in the 2" and 3™ leaf
pair from the branch apex; (B) buds located between the
4th and 7th Jeaf pair from the branch apex.

(branches with fruits), the activity of floral bud differentiation
became intense after fruit harvesting during the 2nd week
of May. According to Wormer and Gituanja (1970a,b), the
presence of fruits appears to promote an inhibitory action
on floral bud differentiation up to harvest time. In Kenya,
Cannell (1972) observed that the time at which the majority of
floral primordia are were formed coincided with the seasonal
patterns of vegetative growth and fruit formation. Womer
and Gituanja (1970a,b) concluded that the reproductive
cycle of coffee plants is closely related to its vegetative
cycle, and a particular flowering pattern cannot be isolated
from the intrinsic conditions of a plant (age, nutritional state
and production). On the other hand, the synchronization of a
group of plants within vegetative and reproductive patterns
seems to depend on the rainfall distribution in equatorial
regions (Trojer, 1968; Womer and Gituanja, 1970 a).

The results of this histological study clearly show a
different behavior for floral induction and differentiation in
arabica coffee according with the presence or absence of
fruits on the branches, as summarized below:

Beginning of

Induction differentiation

1st crop branches
(no fruits)

January - February =~ March — April

2nd crop branches
(with fruits)

October - July May
(after harvest)

In arabica coffee growing under field conditions in the
region of Campinas (SP, Brazil), the regulatory signals for
induction and initiation of reproductive buds are different
from signals controling controlling the differentiation of
floral buds. In “1st crop branches” (no fruits) the initiation
of reproductive buds took place during January — February.
Axillary buds of “2nd crop branches” (with fruits) were
induced and initiated initial stages of reproductive growth
throughout every month of this study (October — July), i.e.
during spring, summer, and fall seasons. Timing for floral
bud differentiation seems to be strongly influenced by fruit
development on the plant (total production) and by adjacent
fruits within the same branch. In “lst crop branches” (no
fruits), located in the upper third portion of coffee plants,
floral bud differentiation coincided with the final stage of
endosperm dry mass accumulation of fruits (March — April).
In contrast, “2nd crop branches” with fruits at older nodes
differentiated their floral buds only after fruit harvesting
(after the month of May in this study).

Braz. J. Plant Physiol., 17(2):247-254, 2005
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