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Non-uniform blossoming due to uninterrupted irrigation is common in perennial crops such as coffee. It usually leads to uneven
ripening of fruits and impairs harvesting efficiency and quality of coffee. The effect of different water deficit periods was evaluated,
associating them with the deficit level and development stage of the flower bud, on blossoming concentration in irrigated coffee
plantations. We also evaluated the effect of water deficit on growth, productivity, maturation, and physical quality of the bean.
Two identical trials were performed on 19-month-old Coffea arabica cultivars (‘Catuai Vermelho IAC 144’ and ‘Bourbon Amarelo
J9’), from June 2008 to July 2009. Irrigation was suspended and resumed at different times (seven treatments) at the pre-flowering
stage using a randomized block design with four replicates. The cultivars reached different levels of deficit for the same period of
suspended irrigation. In ‘Catuai’, 60% of the flower buds opened after the coffee plants were exposed to water deficit from early or
late June to early September. In ‘Bourbon’, even the longer water deficit period (06/09 to 09/07) did not induce blossoming greater
than 20%. Growth was slightly affected during the water withholding period, but not in the subsequent evaluations in October or
January. In both cultivars, drought promoted a higher percentage of ripe cherries at harvest than continuous irrigation, regardless
of treatment. In conclusion, although blossoming was not a single concentrated event, especially in ‘Bourbon’, withholding
irrigation in the pre-flowering stage contributed to uniform fruit ripening in both Arabica coffee cultivars.

Bean quality; Coffea arabica; flowering; fruit maturation; gas exchange; irrigation; reproductive growth; water stress.

Ww,4_Pre-dawn leaf water potential; Fig._Figure;T1_Treatment One (irrigated continuously); T2_Treatment Two:
withholding irrigation from 06/09 to 09/07; T3_Treatment Three: withholding irrigation from 06/23 to 08/25; T4_Treatment Four:
withholding irrigation from 06/23 to 09/07; T5_Treatment Five: withholding irrigation from 07/07 to 08/25; T6_Treatment Six:
withholding irrigation from 07/07 to 09/07; T7_Treatment Seven: withholding irrigation from 07/21 to 09/07; E3_flower bud
development stage representing physiologically immature flower bud; E4_flower bud development stage representing
physiologically mature flower bud, ripe-to-flower stage; E5_flower bud development stage after dormancy break, just before
anthesis, when the buds appear completely white; E6_anthesis (opened flowers).

Brazil is the main coffee producer and exporter in the world. ensuring a higher productivity and better economic
In 2018, it is estimated that the Brazilian crop produced 59.9 performance (Fernandes et al., 2016).

million bags, which is the largest in the history of the In the Cerrado, many coffee crops are irrigated throughout
country. The state of Minas Gerais leads the national ranking the year owing to low or heterogeneous rainfall, and
in terms of production with approximately 31.5 million bags because of the dry winter season (approximately 3-4
of arabica coffee produced per year, of which 6.97 million months) (Fernandes et al., 2016; Ronchi et al.,, 2015).
bags were produced in the region of the Cerrado of Minas However, this practice, along with sporadic spring rains, may
Gerais (Conab, 2018). The coffee production in this region is result in non-uniform blossoming and subsequent
intensive (Fernandes et al., 2012; Matiello et al., 2016), unsynchronized fruit maturation (DaMatta et al.,, 2007).
leading to yields above the national average, which is Irregular maturation, generally characterized by a lower
currently 32.17 bags/ha (Conab, 2018). The high productivity ratio of cherry/green fruits, impairs mechanization, which is
is attributed to a combination of factors, such as a technique that streamlines the process of harvesting, and
mechanization, a favorable climate, and irrigation also results in a high content of green and/or black beans at
(Fernandes et al., 2012). The irrigation itself directly harvest, which reduces the quality of the coffee (Mesquita
influences coffee production as it prevents water deficits, etal., 2016).

which could limit production under normal conditions, Past studies, such as those by Alvim (1960), Rees (1964),
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and Crisosto et al. (1992), and more recent studies, such as
those by Guerra et al. (2005), Silva et al. (2009), and Ronchi
et al. (2015), demonstrated the importance of dry periods
during pre-flowering to disrupt the dormancy of the flower
buds, preparing them to respond to stimuli for anthesis. In
addition, Silva et al. (2009) showed that continuous
irrigation during this period delayed and deregulated bud
development. Therefore, by controlling the dry season, the
dormancy period of the flower buds is also controlled. In
theory, it is possible to synchronize or concentrate the
flowering through adequate irrigation management (Ronchi
et al., 2015).

During the flower initiation process, the buds-of-the-series
receive inductive stimuli at different times, which results in
different maturation stages. Thus, application of a water
deficit for a certain period causes a delay in the further
development of buds that are in more advanced
physiological stages. If this delay is sufficient, the non-
advanced buds can complete the necessary physiological
and morphological processes to be synchronized with the
advanced ones. Therefore, a larger number of flower buds
become simultaneously sensitive to the ecological factor for
flower opening (DaMatta et al., 2007). The coffee tree has a
seasonal growth pattern with reduced rates during the
winter (the dry and cold season) (Amaral et al., 2006),
particularly in several areas of the Cerrado of Minas Gerais
(Fernandes et al., 2016), resulting in low evapotranspiration
rates. Thus, adequate water deficit levels (Ronchi et al.,
2015) can induce uniform flowering and fruit ripening,
without significant detrimental effects to the crop, as
previously verified in adverse situations (Guerra et al., 2005).
Several studies (Schuch et al.,, 1992; Bomfim Neto, 2007;
Ronchi et al., 2015; Silva et al., 2009; Miranda, 2020; Silva et
al., 2009) have sought to find the adequate deficit level to
induce uniform coffee flowering, without a significant effect
on other physiological functions of the plants, such as
photosynthesis, cell expansion, and leaf growth (Taiz et al.,
2017). Once affected, this could lead to lower vyields in
future crops. However, the pre-dawn leaf water potential
(Ww,g) values in those studies were heterogeneous, with
values of -1.2 MPa (Bomfim Neto, 2007), -1.1 to -1.6 MPa
(Silva et al.,, 2009), and -2.65 MPa (Schuch et al., 1992).
Under these circumstances, further studies are required to
better define, for different field situations, the periods of
suspension and resumption of irrigation that lead to the
minimum water potentials that are required to disrupt
dormancy (Ronchi and Miranda, 2020).

This study tested different periods of suspension and
resumption of irrigation, associating them with the water
deficit level and with the developmental stage of the flower
bud, aiming at synchronizing the flowering in irrigated coffee
crops of the Cerrado of Minas Gerais, Brazil. The effect of
water deficit on the growth, productivity, maturation, and
physical quality of the beans was also evaluated.

Water deficit progress among coffee cultivars

For both cultivars, the Wwy, slowly decreased (-0.09
MPa/week) in the months of June and July, until mid-August.
However, in the last week of August and the first week of
September, there was a marked decrease in water potential,
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with an overall mean of-0.21 MPa/week (Fig. 1). The
temperature variations explained this decrease: the mean
and maximum temperatures were 19.7 and 25.5, 18.1 and
25.6, 21.2 and 30.1, and 23.1 and 31.8°C in June, July,
August, and September, respectively (Fig. 2). In addition, the
mean maximum temperature in August was 29.6°C and it
increased to 32.0°C in the last two weeks of the deficit,
which probably led to high evapotranspiration rates (Ronchi
et al., 2015) associated with low relative air humidity in a
very short time, dehydrating the coffee tree (Taiz et al.,
2017).

A lower decrease in Ww,4 (-0.038 MPa/week) in ‘Bourbon’
than that in ‘Catuai’ (-0.057 MPa/week) was observed for
the T2 data from 06/09 to 08/25 (Fig. 1). Therefore, the
arabica coffee cultivars (planted side by side) showed
different responses to irrigation suspension owing to their
morphophysiological differences since the management and
the edaphoclimatic conditions were the same in both crops.
It should be noted that the leaf water status was the same
among cultivars at the beginning of the experiment (Fig. 1).
Therefore, ‘Bourbon’, compared to ‘Catuai’, delayed tissue
dehydration, presumably because of the thicker cuticle,
which reduced transpiration, and the thicker palisade
parenchyma, which allowed a greater CO, fixation
associated with the aperture of stomata in a shorter period
of time (owing to a higher stomatal density), increasing
water use efficiency (Batista et al., 2010). Nevertheless, it
seems that the differences in dehydration rates among
cultivars varied greatly from one year to the next, as
confirmed by studies on these crops in subsequent years
(Ronchi et al.,, 2015). The extent of defoliation after
harvesting can probably explain such variation since
transpiration is a phenomenon that depends on the leaf
surface area (Taiz et al., 2017).

Considering the water status differences presented, ‘Catuai’
showed a Ww, of -0.04, -1.42, -0.28, -1.15, -0.41, -1.23, and
-1.15 MPa in the measurements performed just before the
resumption of irrigation for the treatments T1 to T7,
respectively, whereas ‘Bourbon’ showed values of -0.05, -
0.91, -0.21, -0.71, -0.17, -0.83, and -0.57 Mpa for T1 to T7,
respectively. It should be noted that irrigation was resumed
on 08/25 for the T3 and T5 treatments and on 09/07 for the
other treatments. Given the high transpiration rate in the
last week of August and the first week of September, owing
to the substantial increase in temperature (Fig. 2), more
negative water potentials were observed in the treatments
with a deficit period until 09/07 compared to treatments
with irrigation resumption on 08/25, in both cultivars (Fig.
1).

Blossoming events according to the treatments

During the entire water deficit period, between 06/09 and
09/07, there was only one precipitation event that occurred
on 08/05 (8 mm — Fig. 2), and this triggered the opening of a
few flowers on 08/17, less than 8% in ‘Catuai’ and less than
16% in ‘Bourbon’, regardless of the treatment (Figs. 3A and
B). This rainfall (8 mm) is considered sufficient (perhaps the
minimum required) for the resumption of bud growth and
flower opening, and the rain and a cold front can provide
the necessary meteorological conditions for flower opening,



even in plants maintained under continuous irrigation
(Ronchi et al., 2015; Soares et al., 2005). Sporadic and low-
intensity rains (as the one in early August) are common in
the Brazilian Cerrado regions where the dry season does not
always fully occur every year, and these rains often limit the
use of the water deficit as a strategy to synchronize
flowering in many coffee production regions.

Two factors contributed to the low percentage of open
flowers in early August. The first was the high leaf water
potential in the flower buds (discussed in the earlier
section), which implies that it had not yet reached
sufficiently negative levels to disrupt the dormancy of the
flower buds (Bomfim Neto, 2007; Silva et al., 2009). The
second was related to most of the flower buds
(approximately 90%, Figs. 3A and B) not yet having enough
physiological maturity to respond to the opening stimulus
(Soares et al., 2005; DaMatta et al., 2007). In a study carried
out in subsequent years in the same area and crop, Ronchi
et al. (2015) found that 78% of the flower buds were in the
immature (E3) or at most in the ripe-to-flower (E4) stages in
early August.

After 90 (T2) or 76 (T4) days of water deficit in ‘Catuai’,
which led to a Ww,4 of -1.42 and -1.15 MPa, respectively,
60% of the flower buds opened in response to irrigation
resumption (Fig. 3C). The flower opening of other deficit
treatments did not differ from that of T2 (Fig. 3C). Thus, this
blossoming event in non-irrigated plants resulted in a higher
percentage of pinheads compared to that in T1 in the
following flowering on 09/28 (Fig. 3E), with few changes in
the last flowering on 10/09, when deficit treatments (T2, T4,
and T7) showed a higher pinhead percentage (Fig. 3G) owing
to the cumulative effect of the previous flowering. These
results, especially those of the higher water deficit
treatments, suggest that the water deficit did not promote
the concentration of the flowering into only a single event,
but rather into several events within a shorter period of
time. This supports the results reported by Soares (2005)
that water stress, applied in the pre-flowering stage,
accelerates the development of the flower bud.

Even after 90 days of water deficit in ‘Bourbon’, the Wwyy
was -0.91 MPa, and this did not induce synchronized
flowering after resumption of irrigation (Fig. 3D). In the
measurements recorded on 09/28 (Fig. 3F) and 10/09 (Fig.
3), the treatments did not show significant differences
(p>0.05) for each stage analyzed. Even on 10/09 (Fig. 3H), a
large proportion (approximately 42%) of the flower buds
were yet to open. This suggests that gregarious flower
opening events were occurring gradually, as flower buds
matured physiologically. In particular, the T5 treatment,
which represented the water deficit pattern adopted at the
farm, was ineffective in synchronizing flowering in either
cultivar (Figs. 3C and D), since most buds did not open with
this treatment when the irrigation was resumed.

Considering the maximum water potential value to disrupt
dormancy is -0.80 MPa (Crisosto et al., 1992), the flower
buds did not open in the treatments with the highest water
deficit probably because the percentage of physiologically
mature flower buds was as yet too low even in early
September (Figs. 3C and D), as discussed above. The
importance of the physiological stage of the buds, so that
they can receive stimuli for flower opening, has already been
discussed in other studies such as Bomfim Neto (2007) and
Ronchi et al. (2015). Thus, using either fixed dates (as
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proposed by Guerra et al.,, 2005) or measurements of the
leaf water potential alone as a criteria might not induce
synchronized flowering since these factors, in addition to
others (such as temperature, relative humidity, genotype,
and fruiting load), act synergistically to induce flowering
(DaMatta et al., 2007).

Coffee plant growth

The evaluation of the growth changes of the coffee tree
immediately after the end of the irrigation suspension
period (thus on 09/14) in all treatments (Fig. 4) showed that
only T2, compared to T1,significantly reduced the number of
nodes in the plagiotropic branch in ‘Catuai’ (Fig. 4A; from
1.375 to 0.875 nodes/branch), but it did not affect the
length (Fig. 4C), leaf area accumulation (Fig. 4E), or the
height of the plants (Fig. 4G). In ‘Bourbon’, all these growth
variables were affected to some degree by the water deficit
treatments (T2 to T7), in comparison to T1, even though
variations were observed among treatments (Figs. 4B, D, F,
and H). In general, the effect on growth was discrete, even
in ‘Bourbon’, since the coffee tree naturally exhibits a low
growth rate from June to August owing to the reduced
minimum temperatures (Amaral et al., 2006; DaMatta et al.,
2007) (Fig. 2).

However, no significant differences in crop growth were
observed between treatments when growth measurements
were taken on 10/26 (transition from the pinhead stage to
rapid swelling) and 01/17 (beginning of endosperm filling
stage)(Fig. 4). Presumably, a compensatory growth (DaMatta
et al., 2007) occurred in the water deficit treatments since
the deficit was not severe (Fig. 1) and the decrease in
growth, in practical terms, was not very expressive. Growth
is a physiological activity that is most sensitive to water
deficit, since it depends on the turgor pressure of the cell
which exerts pressure on the cell wall; thus, expanding the
cell (Taiz et al., 2017). When the deficit reaches more severe
levels (which did not occur in this study) and the plant is
subjected to higher temperatures, there are other
consequences that may compromise the crop, such as
photosynthetic limitations, oxidative stresses, and cavitation
(DaMatta et al., 2007), which possibly explains, not only the
growth loss, but also the significant productivity losses
observed by Guerra et al. (2005). For the Brazilian Cerrado
region, where the present study was conducted, in the
2008/2009 harvest, the coffee tree growth was not strongly
affected by a relatively long deficit period (or irrigation
suspension) owing to the low evapotranspiration, and it is
thus possible to implement the method in a planned
manner.

Coffee fruit maturation

For both cultivars, the percentage of unripe cherries (green
fruit) at harvest time was significantly higher in T1
(continuous irrigation of the coffee tree during the winter),
reaching means of 25% in ‘Catuai’ and 43% in ‘Bourbon’. This
resulted in a low percentage of cherries; that is, 48% and
40% in ‘Catuai’ and ‘Bourbon’, respectively (Fig. 5). However,
the mean percentage of cherries was significantly higher in
the deficit treatments (T2 to T7) compared to the treatment
with continuous irrigation (T1), with values as high as 76%
for the T4 in ‘Catuai’ and 73% for the T2 in ‘Bourbon’ (Fig. 5).
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Fig 1. Pre-dawn leaf water potential (Ww,q) evaluated biweekly in two arabica coffee cultivars, ‘Catuai Vermelho’ (A) and ‘Bourbon Amarelo’(B), for the following
treatments applied at the crop pre-flowering stage: T1: irrigated continuously; T2: 06/09 to 09/07 (irrigation withholding period); T3: 06/23 to 08/25; T4: 06/23 to 09/07;
T5: 07/07 to 08/25; T6: 07/07 to 09/07; T7: 07/21 to 09/07. Treatments were ended with the resumption of irrigation on 08/25 or 09/07. Each point in the graph
represents the mean + standard error of the mean (n=4).
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Fig 2. Monthly mean precipitation in each fortnight and maximum, mean, and minimum monthly temperature in 2008. The first rains at the end of the winter period
occurred on 08/08 (8 mm), 09/15-16 (16 mm), and 09/20-21 (23 mm).
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Fig 3. Percentage of flower buds, opened flowers, and fruits at the pinhead stage in cultivars ‘Catuai Vermelho IAC 144’ (left) and ‘Bourbon Amarelo J9’ (right) on 08/17
(A and B), 09/14 (C and D), 09/28 (E and F) and 10/09 (G and H). For each stage, bars associated with the same letter indicate no significant differences between
treatments, as indicated by the Tukey’s test set at 5% probability. See Figure 1 for a description of the treatments.
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Fig 4. Nodes production (NP- A and B), growth of plagiotropic branches (GPB- C and D), leaf area gains (LAG- E and F) of the plagiotropic branch and plant height gains
(PHG - G and H) measured on three dates (09/14, 10/26, and 01/17), in the cultivars ‘Catuai Vermelho IAC 144’ (left) and ‘Bourbon Amarelo J9’ (right) for the different
treatments. For each date, bars associated with the same letter indicate no significant differences between treatments (Tukey’s test; p>0.05). See Figure 1 for a
description of the treatments.
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Fig 5. Percentage of each development stage (unripe fruit, yellow cherry, ripe cherry, and dry cherry) of coffee fruits from crops submitted to treatments with different
water deficits (T1 to T7) in the cultivars ‘Catuai Vermelho’ (A) and ‘Bourbon Amarelo’ (B). For each fruit stage, bars associated with the same letter indicate no significant
differences between treatments, as indicated by the Tukey’s test set at 5% probability. See Figure 1 for a description of the treatments.
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Fig 6. Coffee tree production (A and B), cherry-to-coffee beans ratio (C and D) and crop yield (E and F) in coffee samples obtained
from crops submitted to treatments with different water deficits (T1 to T7) in the cultivars ‘Catuai Vermelho’ (on the left) and
‘Bourbon Amarelo’ (on the right). Bars associated with the same letter indicate no significant differences between treatments
(Tukey’s test; p> 0.05). Crop yield is expressed as 60-kg bag of fresh green coffee bean per ha. See Figure 1 for a description of the
treatments.
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Fig 7. Percentage of coffee beans of larger (from 7.14 to 6.74 mm) (A and B) and smaller (from 6.35 to 5.56 mm) (C and D) size and
immature coffee beans (E and F) for the different water deficit treatments in cultivars ‘Catuai Vermelho’ (left) and ‘Bourbon
Amarelo’ (right). Bars associated with the same letter indicate no significant differences between treatments (Tukey’s test; p>
0.05). See Fig 1 for a description of the treatments.
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Together, these results suggest that regardless of the
cultivar and failure to obtain the concentration of flowering
in a single event, the application of the water deficit in the
pre-flowering period contributed to uniform maturation of
arabica coffee fruit. The high percentage of cherry beans is
extremely desirable, since this is the most adequate stage
(Mesquita et al., 2016) to obtain high quality beverages, as
the fruit has a suitable chemical composition (Pimenta et al.,
2018). Another problem related to the lack of uniformity in
fruit maturation is the impaired operational performance of
the mechanized harvesting process (DaMatta et al., 2007), a
common practice in the Brazilian Cerrado region (Fernandes
et al., 2012), which facilitates higher yields and lower costs
under favorable fruit maturation conditions (Mesquita et al.,
2016).

Coffee yield and bean quality

Significant variation among treatments in the coffee
production per plant occurred only in ‘Bourbon’ but not in
‘Catuali’ (Figs. 6A and B) (Fig. 6B), the treatments did neither
affect the cherry-to-beans ratio (Figs. 6C and D) nor the crop
yield (Figs. 6E and F). This differs from the results reported
by Bomfim Neto (2007) and Silva et al. (2009), who obtained
higher yields as the severity of the deficit was reduced. Our
results are consistent with observations by Soares et al.
(2005) and Ronchi et al. (2015) that a controlled water
deficit does not affect coffee productivity. However, it
should be noted that an excessive water deficit impairs the
physiological functions of the coffee tree (Ronchi and
Miranda, 2020), leading to photosynthetic limitations due
to reduced stomatal conductance and biochemical
limitations related to CO, fixation (Peloso et al., 2017). It can
also lead to reductions in leaf area, plant height, root
diameter, and coffee tree dry matter (Peloso et al., 2017),
and consequently undesirable future losses as reported by
Guerra et al. (2005).

In ‘Catuai’, there were no differences between treatments
for the coffee bean size classified (see material and
methods) as larger or smaller sizes (Figs. 7A and C),
consistent with the results reported by Ronchi et al. (2015)
and Silva et al. (2009). In ‘Bourbon’, despite the statistical
differences between the treatments for the smaller sized
coffee beans (Fig. 7D), there was no pattern that clearly
indicated any effect of the water deficit. Moreover, there
were no differences between treatments for the larger sized
coffee beans (Fig. 7B). This was probably because the water
restriction was applied long before the rapid swelling,
expansion, and endosperm filling stages, when the
maximum seed size and its content are defined (DaMatta et
al., 2007). While larger coffee beans tend to be valued more
than the smaller ones in the coffee market, the presence of
immature (or green) beans, which contribute to beverage
astringency, can negatively influence the coffee price
(Franca and Oliveira, 2008). In the present study, a lower
percentage of immature beans was detected in almost all
deficit treatments, regardless of the cultivar (Figs. 7E and F),
reinforcing the validity of the controlled water deficit
applied in the pre-flowering stage as a method to
standardize the coffee fruit ripening.
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Plant materials

A field-experiment was conducted from June 2008 to July
2009, in a commercial coffee crop (latitude: 19°14'S;
longitude: 46°21'W; elevation: 900 m) located in the city of
Rio Paranaiba, Minas Gerais state, Brazil. Two Coffea arabica
fields were used, one with the cultivar ‘Catuai Vermelho IAC
144’ and the other with the cultivar ‘Bourbon Amarelo J9’.
Both cultivars were transplanted to the field in December
2006, with a spacing of 3.80 x 0.50 m (‘Catuai’) and 3.80 x
0.80 m (‘Bourbon’). Thus, the coffee plants were 19-year old
when the treatments were applied. These cultivars were
selected as the ‘Catuai’-type is extensively cultivated in the
Cerrado of Minas Gerais (Fernandes et al., 2012), and the
‘Bourbon’-type has a high productivity potential (Ferreira et
al., 2013) and can produce special coffees (Figueiredo et al.,
2018). The general cultivation practices (weed management,
fertilization, phytosanitary control, etc.) were performed
according to the agronomic recommendations adopted in
the Cerrado (Matiello et al., 2016). The crops were fertigated
and the experimental areas were located in adjacent plots,
separated only by a trodden path.

Experimental design and treatments

Each cultivar (‘Catuai Vermelho’ or ‘Bourbon Amarelo’)
constituted a separate experiment. A randomized block
design was followed, and blocks were arranged
perpendicular to the slope of the area, with seven
treatments and four replicates. Each experimental unit
comprised a cultivation line with eight plants, and the four
central plants were used for measurements. Irrigation was
suspended and resumed at different times, providing the
following treatments: T1: irrigated continuously; T2: 06/09
to 09/07 - 90 days of deficit; T3: 06/23 to 08/25 - 63 days of
deficit; T4: 06/23 to 09/07 - 76 days of deficit; T5: 07/07 to
08/25 - 49 days of deficit; T6: 07/07 to 09/07 - 62 days of
deficit; T7: 07/21 to 09/07 - 48 days of deficit.

The induced water deficit periods were chosen based on the
studies of Guerra et al. (2005) and Soares et al. (2005), and
on the meteorological conditions of that crop year (2008, Fig
2). Moreover, the water deficit period (by withholding
irrigation) usually applied in this coffee farm over the past
years was also used as a reference. In this coffee farm,
irrigation was usually withdrawn in early July and resumed in
late August, which corresponded exactly to T5. Based on
this, in some treatments the irrigation suspension began
sooner as in early June or later as by the end of July.
Similarly, its resumption was postponed until September (or
as much as possible), close to the first expected rains of the
season.

Traits measured
Pre-dawn leaf water potential

The Ww,y was measured biweekly from 06/30, between 4
and 6 AM, using a pressure pump (Scholander pressure
chamber, Soilmoisture — Santa Barbara, USA). It was
evaluated in one leaf per plot, collected in the third or fourth
branch node from the apex of the plagiotropic branches



located in the upper third of the plant.
Flower bud stages

The developmental stages of the flower buds were recorded
from August to mid-October, in four flowering events (the
final flowerings were not evaluated): first, on 08/17
(because of the 8 mm rain on 08/05); second, on 09/14
(because of the resumption of irrigation in the treatments);
third, on 09/28 (because of the 39 mm rain from 09/15-21);
and fourth, on 10/09 (because of the 30 mm rain on 10/02).
All reproductive structures were collected from four branch
nodes per plot, which were randomly selected from two
previously identified branches in the medial portion of the
plagiotropic branch. In the laboratory, the flower bud
development stages were classified according to Camayo-
Vélez and Arcila-Pulgarin (1996) as: E3-physiologically
immature flower bud. In this stage, flower buds are already
greater than node stipules; even though they can be easily
counted they are not yet completely individualized at
theglomerule inflorescence. E4 - physiologically mature
flower bud (ripe-to-flower stage), the individual flower bud
is green and completely discernible at each glomerule. They
remain in this state until an external stimulus brings about a
renewal of growth. E5 - is after the break in dormancy, just
before anthesis, when the buds appear completely white;
and E6 - anthesis (opened flowers). Flower buds at stages
less than E3 were not counted. For discussion E3+E4 were
combined just as “flower buds” and E5+E6 as “opened
flowers”. The number of pinheads (representing early fruit
stage) was also counted.

Plant growth increment

Coffee plant growth was measured during and after the
deficit period, on 06/22 (close to the start of the
treatments), 09/14 (after irrigation resumption but before
the expected first rains of the season), 10/26 (transition
from the pinhead stage to rapid swelling expansion), and
finally in the following year, on 01/17 (start of the
endosperm filling stage). As a measure of plant height, the
distance from the hypocotyl to the apex of the plant was
recorded. The number of nodes was counted in randomly
selected plagiotropic branches (one bearing branch per
plant) in the middle third of the coffee tree. The length of
these branches was also measured, and the total leaf area
was estimated non-destructively based on the length and
width of the leaf blade (Antunes et al.,, 2008). For each
growth variable and evaluation time, the growth increment
was calculated using the value of the first measurement (on
06/22) as a reference.

Post-harvesting fruit evaluations

The four central plants of each plot were harvested in June
2009 by manual stripping on canvas (full harvest), followed
by measuring production of coffee fruits per plant (L/plant).
Then, the percentage of each ripening stage of coffee fruits
(unripe, yellow cherry, ripe cherry, and dried cherry) was
measured in 0.5 L samples, following the method described
by Ronchi et al. (2015). The coffee was taken to a yard,
spread out, rotated daily until it was dried, and husked to
obtain bean coffee at a moisture content of 11.5%. Then,
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the crop yield expressed as 60-kg bag of green coffee per ha
was estimated for each cultivar. The ratio of harvested fruit
volume to 60-kg bag of bean coffee, here described as
cherry-to-coffee bean ratio was estimated (as L/60-kg bag).
The physical analysis of the beans was performed using the
standard procedure for coffee bean classification. A sample
of 100 g of coffee beans was passed through a series of
sieves with holes of different diameter, after which weight
fractions retained on each sieve were converted to weight
percentages of the total sample (Imru et al., 2015). Fractions
were combined forming two classes of coffee bean
diameter: larger sizes (from 7.14 to 6.74 mm) and smaller
sizes (from 6.35 to 5.56 mm). Coffee beans smaller than
0.556 cm-diameter were not considered in this study. The
percentage of immature coffee beans (green or light grey
beans), representing, green coffee defect, was also
evaluated.

Statistical analysis

Descriptive analyses of the meteorological data and leaf
water potential were performed. For the other variables
(flower buds, plant growth, and coffee yield and quality), the
normality and homoscedasticity of the errors were analyzed
using the Lilliefors and Cochran’s tests, respectively,
together with a graphical residue analysis (Neter et al.,,
1990). When required, the data were square-root
transformed. The data were then subjected to analysis of
variance (ANOVA) and to multiple comparisons of means,
using the Tukey’s test set at 5% probability.

Although the cultivation conditions were the same, ‘Catuai’
showed more negative water potential in comparison to
‘Bourbon’, for the same deficit period. Thus, the irrigation
resumption induced a more intense flowering in that
cultivar. The developmental stage of the floral bud must be
considered for the application of the water deficit along with
the cultivar and water deficit level and not the dates when
the irrigation is suspended or resumed. The water deficit
contributed to the concentration of flowering and not only
to a single intense blossoming event. Irrigation suspension,
regardless of treatment, promoted a satisfactory
synchronization of the fruit maturation (more cherries and
less green beans) without compromising plant growth and
the physical quality of the beans.
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