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Abstract: Pitaya is a fruit-bearing cactus with a high capacity for climate
adaptation. This study characterized the reproductive phenological stages of
Hylocereus polyrhizus and Selenicereus undatus in Floriandpolis, SC, between 2021
and 2023, over two harvest seasons. Productive cycles, number of flowers per
plant, flowering duration, and fruiting were analyzed and correlated with local
meteorological conditions. Additionally, a phenological scale with images of floral
and fruit stages was developed, along with an index of productive and aborted
flower buds. Four to five productive cycles were observed, with an increase in fruit
maturation time as temperature and radiation decreased. H. polyrhizus exhibited
a higher flower bud abortion rate but produced more flowers overall. It also had
a higher average fruit mass and pulp yield, especially in the second harvest. S.
undatus, on the other hand, had a greater peel mass and superior fruit quality in
terms of the SS/AT ratio. No significant differences in productivity were detected
between cycles and harvests. The findings contribute to the management of the
crop and a better understanding of the pitaya’s productive cycle in a subtropical
climate.

Index Terms: Hylocereus polyrhizus; Selenicereus undatus; flower bud abortion;
Fruit quality.

Caracterizacao da fenologia da pitaya no litoral
do estado de Santa Catarina

Resumo: A pitaya é uma cactacea frutifera com alta capacidade de adaptacao
climatica. Este estudo caracterizou os estadios fenoldgicos reprodutivos de
Hylocereus polyrhizus e Selenicereus undatus em Florianépolis-SC, entre 2021 e
2023, ao longo de duas safras. Foram analisados os ciclos produtivos, nimero de
flores por planta, duracao da florada e frutificacao, correlacionados as condicdes
meteoroldgicas locais. Além disso, foi elaborada uma escala fenolégica com

" Federal University of Santa Catarina, School of Agricultural Sciences, Floriandpolis, Santa Catarina, Brazil.
2 Agricultural Research and Rural Extension Company of Santa Catarina - Itajai, Experimental Station, Itajaf, Santa Catarina, Brazil
*Corresponding author: carolzimmermanni6@gmail.com

@@ This is an Open-Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0009-0007-2778-8271
https://orcid.org/0009-0005-7432-2402
https://orcid.org/0000-0002-7850-0705
https://orcid.org/0009-0003-0843-7629
https://orcid.org/0009-0001-6515-9528
https://orcid.org/0009-0003-4722-3113
https://orcid.org/0000-0003-3951-6429
https://orcid.org/0000-0002-6498-8826
mailto:carolzimmermann16%40gmail.com?subject=
https://orcid.org/0000-0002-2475-4910
https://orcid.org/0000-0002-2475-4910
https://doi.org/10.1590/3085-89092026013
https://creativecommons.org/licenses/by/4.0/

Characterization of pitaya phenology in the
coastal region of Santa Catarina state

Cardoso et al. (2026)
imagens dos estadios florais e de frutos, bem como um indice de botdes florais produtivos
e abortados. Observou-se de 4 a 5 ciclos produtivos, com aumento do tempo de maturagao
dos frutos conforme temperatura e radiacao diminuiram. H. polyrhizus apresentou maior
taxa de abortamento de botdes florais, mas produziu mais flores ao final. Além disso, teve
maior média de massa de fruto e rendimento de polpa, especialmente na segunda safra.
S. undatus, por outro lado, destacou-se pela maior massa de casca e melhor qualidade dos
frutos na relacao SS/AT. Nao foram detectadas diferencas significativas na produtividade
entre os ciclos e safras avaliadas. Os resultados contribuem para o manejo da cultura e a
compreensao do ciclo produtivo da pitaya em clima subtropical.

Termos para Indexacao: Hylocereus polyrhizus; Selenicereus undatus; abortamento de

botdes florais; qualidade de fruto.

Introduction

Pitaya, also known as dragon fruit, is a cac-
tus native to Central and South America
(IBRAHIM et al., 2018). Its fruit has been high-
ly appreciated by consumers due to its qual-
itative aspects of flavor and texture, in addi-
tion to its health benefits (LIMA et al., 2014).
It has become a great option for diversifying
fruit farming (SATO et al., 2014), especially in
the state of Santa Catarina, which is charac-
terized by many small properties.

This crop is very important for Santa
Catarina agriculture, the production of pita-
ya in the State has expanded significantly in
recent years, especially in the southern and
coastal region of the state, which accounts
for more than 90% of the state’s total out-
put. In the 2021/22 season, around 4,523
tons were harvested across 276 hectares,
with an average yield of 16.4 tons per hect-
are. The number of growers increased by
139% between 2017 and 2022, reaching a
total of 389 farmers (GOULART et al., 2023).

It is a hardy fruit with high capacity to adapt
and survive in different climates and alti-
tudes (LE BELLEC et al., 2006). This plasticity is
related to its Crassulacean Acid Metabolism
(CAM), which increases water-use efficiency
(TAIZ; ZEIGER, 2010). However, despite its
broad adaptability, phenological informa-
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tion under subtropical conditions remains
limited, particularly in southern Brazil, where
cooler temperatures and shorter photoperi-
ods prevail. The study of pitaya phenology is
due to the importance of understanding the
mechanisms of its growth and reproductive
cycle, which result in better crop manage-
ment (MARQUES, 2010), as well as serving
as a basis for studies related to the adapta-
tion of the species to different environments
(SEGANTINI et al., 2010).

Its fruit production occurs mainly between
the months of November and April in the
southern hemisphere, and is defined by en-
vironmental issues, such as luminosity, tem-
perature and solar radiation (MARQUES et
al,, 2011). It is considered a long-day plant,
with floral induction in response to condi-
tions of greater photoperiod and tempera-
ture, which directly influences the plant’s
ability to initiate the flowering phase (LE
BELLEC et al., 2006; JIANG et al., 2012).

The pitaya harvest occurs in 4 to 8 well-de-
fined cycles (PUSHPAKUMARA et al., 2005),
in which there is the emission and devel-
opment of the floral bud, anthesis, devel-
opment and maturation of the fruit, stag-
es that commonly occur simultaneously
(MIZRAHI; NERD, 1999). From emission to
formation of the flower bud, there is an av-
erage duration of up to 23 days. Pitaya pro-
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duction cycles range from four to eight per
season (PUSHPAKUMARA et al.,, 2005), en-
compassing the stages of floral bud emis-
sion and development, anthesis, fruit set,
and ripening, which often occur simultane-
ously (MIZRAHI; NERD, 1999). The average
duration from bud emergence to anthesis is
about 20 days, and from pollination to har-
vest ranges from 34 to 43 days, depending
on temperature (LONE et al., 2020).

The study of pitaya phenology is funda-
mental for the development of efficient
management strategies and for maximiz-
ing productive potential, especially on the
coast of Santa Catarina, where the crop is
gaining ground and there is little informa-
tion available. Therefore, this study aimed
to characterize the reproductive pheno-
logical stages of Hylocereus polyrhizus and
Selenicereus undatus under the climatic
conditions of Floriandpolis, Santa Catarina
State, providing insights to improve crop
management and production planning in
subtropical regions.

Material and methods

Characterization of experimental
area

The experiment was conducted from
November 2021 to May 2023, in the orchard
of Ressacada Experimental Farm, from Center
for Agricultural Sciences of Santa Catarina
Federal University (UFSC), located in the mu-
nicipality of Floriandpolis, Santa Catarina
State, at geographic coordinates 27°41°0.7"S,
48°32'38"W and altitude of 5 m.The climate of
the region, according to the Képpen-Geiger
climate classification, is Cfa (humid subtropi-
cal) with average temperatures of 21.5 °C and
1638.2 mm of average annual rainfall (BACK;
POLETO, 2017). The municipality of the ex-
periment has an average photoperiod of 12.9
h, with the longest days found between the
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months of November and February, with an
average of 14 h (BEGNINI et al., 2013). The
soil in the experimental area is classified as
Typical Hydromorphic Quartzarenic Neosol
(NIERO, 2011).

Origin of plants

The plants of pitaya (H. polyrhizus and S.
undatus) were obtained from a commer-
cial orchard located in the city of Londrina,
Parand. They were produced in July 2019
from cladode cuttings measuring 15 to 30
cm in length, which were stored in a pro-
tected environment for a period of 15 days
for the healing of the cuts. The cuttings
were then rooted individually in two-li-
ter pots measuring approximately 15 cm
in height. The substrate used consisted of
a sand base and commercial Plantmax®
substrate. The cuttings were inserted ap-
proximately 5 cm deep and irrigated once
a week. The plants formed were planted in
the field in December 2019.

Installation, training and
experimental design

The plants were planted in pairs of the same
species adjacent to concrete posts at 1.8 m
high, in fertilized substrate, at an elevation
of 40 cm in relation to the terrain. The ex-
periment installed had 24 plants of S. unda-
tus and 24 plants of H. polyrhizus distribut-
ed in 2 planting lines, with spacing of 3 m
between them and 2 m between posts. The
training system was umbrella type. All the
plants of the experiment, which were lo-
cated between the edges of the area, were
evaluated. Bird attacks were occasionally
observed during the final stages of fruit rip-
ening. To prevent extreme damage, unripe
pitaya fruits were manually bagged 15 days
after anthesis with non-woven bags.

Based on soil analysis, which indicated aver-
age levels of organic matter and availability
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of P,O, and K,Q, the following fertilization
was carried out per harvest, considering the
expected productivity of 30 t.ha': 200 g of
urea, 51 g of triple superphosphate, 145 g
of potassium chloride, applied to the base
of the post with two plants, divided into the
months of September, November, January
and March of the 2021/22 and 2022/23 har-
vests. Fertilization was based on the recom-
mendation of Lone (2020).

Climate assessments

Throughout the work evaluation period, me-
teorological data was collected and correlat-
ed with the reproductive stages of pitaya,
being presented graphically together with
the statistical analysis. Methodology based
on the proposal of Osuna-Enciso et al. (2016).
Data of minimum, average and maximum
temperature (°C), minimum, average and
maximum relative humidity (%) and rainfall
(mm) were collected at the meteorologi-
cal station of the Ressacada Experimental
Farm Station CCA/UFSC (LABORATORIO DE
CLIMATOLOGIA AGRICOLA, 2023). Solar ra-
diation data (W/m? were collected from
meteorological stations of the Agricultural
and Rural Extension Company of Santa
Catarina (Epagri)/Environmental Resources
and Hydrometeorology Information Center
of Santa Catarina (CIRAM), station 1006
Florianépolis (EPAGRI, 2020). The aver-
age monthly photoperiod data was pre-
pared using the NOAA (National Oceanic
and Atmospheric Administration) Solar
Calculator (GML, 2005). The data can
be consulted in full Table 1, Observed
Meteorological Data.

Reproductive phenological traits

Phenological monitoring was carried out
daily (JIANG et al., 2011) from 24 plants of
each species with uniform characteristics
(OSUNA-ENCISO et al., 2016) during two
productive harvests, referring to the cy-
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cles 2021/2022 and 2022/2023, these be-
ing the second and third harvests of the
orchard. It was also done, as proposed by
Osuna-Enciso et al. (2016), the separation
and quantification of the flowering cy-
cles that occur in each productive harvest.
Phenological monitoring was correlated
with climatic monitoring.

The traits observed in reproductive phenol-
ogy were the period from the beginning to
the end of flowering, the number of floral
cycles per harvest, the number of flowers
per plant per cycle, the average duration in
days of flowering and the average duration
in days of fruit development from pollina-
tion to harvest according to the methodol-
ogy proposed by Ha et al. (2018).

The floral and fruit stages were also evaluat-
ed: five randomly selected emerging flower
buds were marked, and their development
was recorded to identify the duration of dif-
ferent floral and fruiting stages, according
to the methodology proposed by Ha et al.
(2018). In addition, a phenological scale was
created with images of the monitoring of
the floral and fruit stages, according to the
methodology of Rabelo et al. (2020). Buds
or fruits damaged by birds were recorded
as losses and excluded from time-to-event
summaries.

A flower set index (%) was developed, pre-
sented in graph form: flower buds that pro-
duced flowers in relation to flower buds
that aborted, calculated by (flowers/flower
buds) x 100, methodology adapted from
Jiang et al. (2011).

Fruit quality assessment

From the sampling of 20 fruits per cycle,
evaluations of fruit mass (g), pulp mass (g),
peel mass (g) and pulp yield (%) were car-
ried out for the production cycles of the
2021/2022 and 2022/2023 harvests. From
the pulp extraction, the titratable acidity

Fruit. Crop. Sci. J. 2026; v.1: e-013



Cardoso et al. (2026)

(expressed in % of malic acid), soluble sol-
ids (expressed in °Brix) and pH were deter-
mined using the methodology proposed by
Osuna-Enciso et al. (2016).

For measurements, 5 ml of juice was mixed
with 20 ml of distilled water. This mixture
was then filtered. From this mixture, the
titratable acidity (TA) was determined by
volumetry with an indicator. 2 drops of
phenolphthalein were added and, under
stirring, a sodium hydroxide solution (0.1 N
NaOH) was added until the color changed
(ZENEBON; PASCUET, 2005). Soluble solids
(SS) were obtained by reading on a digi-
tal refractometer (ITREFD-45). The device
was calibrated with distilled water, then
the solution was distributed over the prism
and the reading was performed directly in
°Brix. An index to evaluate the maturation
from the SS/AT ratio was obtained. The pH
was evaluated by reading the must samples
on a bench pH meter (Adwa Instruments
B.V.B.A - AD1000, Romania) calibrated with
buffer solutions at pH 4.0 and pH 7.0.

Due to the attack of birds (Azure Jay -
Cyanocorax caeruleus), there was a loss of
data relating to the third cycle of H. polyrhi-
zus and S. undatus of the 2021/2022 har-
vest, and the fifth cycle of S. undatus of the
2022/2023 harvest, meaning that harvest
data for this period could not be evaluated.

Data analysis

The experimental design adopted was
completely randomized, with a 5 x 2 bi-fac-
torial and 4 x 2 bi-factorial scheme, with
24 replicates. Where 4 production cycles
in 2021/2022 and 5 production cycles in
2022/2023 were evaluated, with 2 species
in each. Climatic data and phenology were
analyzed through descriptive statistics. The
data related to production and fruit charac-
teristics were subjected to ANOVA and the
means compared with each other by the

Fruit. Crop. Sci. J. 2026; v.1: e-013

Characterization of pitaya phenology in the
coastal region of Santa Catarina state

Tukey test (P < 0.05), the software Rv. 4.2.3
(R CORE TEAM, 2023) was used.

Before ANOVA, assumptions were verified:
residual normality (Shapiro-Wilk) and ho-
mogeneity of variances (Bartlett). When
needed, data were transformed (v or
In (z)). The model was: Y;; = p+ T} + €j,
with €;; ~ N(0,0?). Where Y;; is the obser-
vation J under treatment i; u is the overall
mean; T; is the effect of treatment 3; €;; is
the random error associated with each ob-
servation; and ¢2 is the common variance
of the errors. Missing data (e.g., bird-dam-
aged fruits) were handled by cycle mean
imputation, preserving replication without
biasing inference.

Results and discussion

Figure 1 shows the development stages of H.
polyrhizus flower bud until its ripe fruit. The
time elapsed from emission to full develop-
ment of the flower bud (Figure 1 A-l) was 20
days, when anthesis occurred. In H. polyrhi-
zus, bud emission to anthesis averaged ~20
days, anthesis lasted one day, and fruit
growth/maturation required ~33.5-45.5
days after anthesis, totaling ~54-67 days
per cycle depending on the season. After fer-
tilization, fruit development began (Figure 1
K-L), 4 to 5 days after pollination. On average,
33.5 to 45.5 days after anthesis, fruit growth
and maturation occurred (Figure 1 M), the
fruit was ready for harvest. The total period
of the production cycle varied between 54
and 67 days, depending on the time of year.

In a previous study carried out in Hawaii,
17 to 21 days of flower bud development
to anthesis were observed for H. polyrhizus
(ZEE et al., 2004). In another study carried
out in Taiwan, a duration of 18 days from
flower bud development to anthesis were
observed and 32 days after anthesis to fruit
maturation (HA et al., 2014).
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A: Flower bud emergence; B - F: Flower bud elongation; G: Beginning of sepal discharge; H: Sepal discharge (day

before anthesis); I: Bud swelling and display of petals (day of anthesis); J: Anthesis; K — L: Development of pollinated
fruit; M: Fruit maturation; N - P: Ripe fruit; Q: Cut of ripe fruit.

Figure 1. Sequence of development from flower bud to fruit of red-fleshed pitaya (H. polyrhizus)

in Floriandpolis - SC.

Figure 2 shows the stages of development
of the flower bud of S. undatus until its
mature fruit. The time elapsed from emis-
sion to full development of the flower bud
(Figure 2 A-H) was 19 days, when anthesis
occurred. In S. undatus, bud emission to
anthesis averaged ~19 days, anthesis last-
ed one day, and fruit growth/maturation
required ~33.5-45.5 days, yielding sea-
sonal cycles of ~52-65.5 days. After fertil-
ization occurred, fruit development began
(Figure 2 J-K), 4 to 5 days after pollination.
From then on, fruit growth and maturation
occurred (Figure 2 L), with an average du-
ration of between 33.5 and 45.5 days. The
total period of the production cycle varied
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between 52 and 65.5 days, depending on
the time of year. After harvesting, in fruits
analyzed in the laboratory, it was possible
to observe aspects of the red skin color
with green bracts, white flesh and numer-
ous seeds (Figure 2 O-P).

The results obtained corroborate those of
Silva et al. (2015) who observed 18 to 23
days in the development of the flower bud
and 34 to 43 days for fruit development
after pollination in Jaboticabal - SP, while
Marques et al. (2011) observed 19 to 21
days in the flower bud development and 30
to 40 days for the development of the fruit
after pollination in Lavras - MG. On the oth-
er hand, Ha et al. (2014), in Taiwan, observed
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15 days in the development of the flower
bud of S. undatus, while Pushpakumara et

¢
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al. (2005), in Sri Lanka, observed only 13
days for Hylocereus spp.

A: Flower bud emergence; B - F: Flower bud elongation; G: Beginning of sepal discharge; H: Sepal discharge (day
before anthesis); I: Bud swelling and display of petals (day of anthesis); J: Anthesis; K — L: Development of pollinated
fruit; M: Fruit maturation; N — P: Ripe fruit; Q: Cut of ripe fruit.

Figure 2. Sequence of development from flower bud to fruit of red pitaya with white flesh (S. un-

datus) in Floriandpolis - SC.

In Figure 3, it is possible to observe that the
2021/2022 cycle occurred from 12/06/2021
to 05/13/2022 and the 2022/2023 cycle oc-
curred from 11/22/2022 to 04/22/2023,
when the last fruits were harvested. In
2021/2022 it occurred distributed in four dis-
tinct cycles for both species. In 2022/2023 it
was distributed in four cycles for H. polyrhi-
zus and five cycles for S. undatus.

On the average of two evaluated years,
the first cycle began with the emergence
of H. polyrhizus flower buds started on
December 2nd, with an average duration of

Fruit. Crop. Sci. J. 2026; v.1: e-013

21 days until anthesis occurring for 6 days,
and an average of 35 days from fertilization
to fruit maturation. On average S. undatus
the emergence of flower buds began on
December 4th, with an average duration of
19 days until anthesis, occurring for 7 days,
and an average of 37 days from fertilization
to fruit maturation.

On average, the second cycle began with
the emergence of H. polyrhizus flower buds
started on December 26th, with an average
duration of 19 days until anthesis occurring
for 4 days, and an average of 38 days from
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fertilization to fruit maturation. S. undatus
began the emergence of flower buds on
December 27th, with an average duration

Cardoso et al. (2026)

of 19 days until anthesis, occurring for 3
days, and an average of 37 days from fertil-
ization to fruit maturation.
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from the emergence and development of flow-

er buds, to anthesis, and to development and maturation of fruits, in days, separated by cycles, of
H. polyrhizus and S. undatus, in the 2021/2022 and 2022/2023 cycles.

On average, the third cycle began with the
emergence of H. polyrhizus flower buds on
January 19th, with an average duration of
20 days until anthesis occurring for 2 days,
and an average of 40 days from fertilization
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to fruit maturation. S. undatus initiated flow-
er bud emergence on January 21st, with an
average duration of 19 days until anthesis,
occurring for 2 days, and an average of 39
days from fertilization to fruit maturation.
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On average, the fourth cycle began with
the emergence of H. polyrhizus flower buds
on February 19th, with an average dura-
tion of 21 days until anthesis occurring for
2 days, and an average of 43 days from fer-
tilization to fruit maturation. S. undatus ini-
tiated flower bud emergence on February
20th, with an average duration of 20 days
until anthesis occurring for 3 days, and an
average of 43 days from fertilization to fruit
maturation.

The fifth cycle began occurred only in
2022/2023, with the emergence of flower
buds of S. undatus between 02/19/2023 and
02/21/2023, with an average duration of 18
days until anthesis occurring for 3 days, and
an average of 43 days between fertilization
and fruit maturation. The species H. polyrhi-
zus did not emit flower buds in the fifth
cycle.

The average period of flower bud develop-
ment was on average 20 days for H. polyrhi-
zus and 19 days for S. undatus, with no dif-
ference in the anthesis period, which lasted
1 day. As for the time of fruit development
and maturation, there was variation in its
period over time, with an average of 38 days
for H. polyrhizus and 39 days for S. undatus.

The increase in the number of days in the
fruit ripening period throughout the cy-
cles (9 for H. polyrhizus and 9.5 for S. unda-
tus) is related to environmental conditions
at the experimental site. It can be seen in
Figure 4 that, from December onwards,
a gradual reduction in the average daily
photoperiod begins, with a daily variation
of 2.9 hours until May, which leads to a re-
duction in the average daily temperature
and average daily radiation in the months
of February (25.1°C and 254.0 w/m?), March
(23.9°C and 178.1 w/m?), April (21.5°C and
137.8 w/m?) and May (18.3°C and 124.4 w/
m?). The reduction in radiation from March
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onwards is also related to a high rainfall in-
dex observed in March and May. During the
production period, from December to May,
the average maximum temperature was
between 22.7°C and 29.7°C, while the av-
erage relative humidity was between 84%
and 89%.

As in the previous cycle, the increase in the
fruit ripening period throughout the cycles
(7 for H. polyrhizus and 9.5 for S. undatus)
was related to environmental conditions
at the experimental site. It can be seen in
Figure 4 that, from December onwards, a
gradual reduction in the average daily pho-
toperiod begins, with a daily variation of 2.2
hours until April, which leads to a reduction
in the average daily temperature and aver-
age daily solar radiation in the months of
February (24.8°C and 229.1 w/m?), March
(25.1°C and 215.3 w/m?®) and April (21.5°C
and 160.8 w/m?). During the productive pe-
riod, from November to April, the average
maximum temperature was between 25°C
and 29.7°C, while the average relative hu-
midity was between 83% and 88%.

When comparing the 2021/2022 cycle with
the 2022/2023 cycle, there was a reduction
of 4.9 (H. polyrhizus) and 3.1 (S. undatus)
days in fruit ripening in the second cycle.
It is possible to observe in Figure 5 that
the months of March and May 2023 had a
higher average daily temperature (+1.2 and
+1.5°C) compared to the same period in
2022, as well as the months of March, April
and May 2023 had a higher average daily so-
lar radiation (+37.2, +23.1 and +12.3W/m?)
compared to the same period in 2022. This
difference in temperature and solar radia-
tion could justify the shorter fruit ripening
period in the 2022/2023 cycle compared to
the 2021/2022 cycle. The ideal temperature
for pitaya flowering is around 30 to 32°C,
temperatures in the range of 34 to 38°C are
not desirable (NERD, et al., 2002).
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Figure 4. Accumulated precipitation (mm), average temperature (°C), average photoperi-
od (hours) and average solar radiation (W/m?), from September 2021 to May 2022 and from

September 2022 to May 2023.

The observed reproductive phenological
stages corroborate with previous stud-
ies evaluated in the southern hemisphere.
In Lavras - MG, Marques et al. (2011) ob-
served the flowering of pitaya S. undatus
occurred between November and March,
with fruiting between January and May,
with three to five cycles. The authors com-
plete that from emission to development
of the flower bud a period of 19 to 21 days
elapsed, with complete fruit maturation 30
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to 40 days after pollination. In Jaboticabal
- SP, also with S. undatus, Silva et al. (2015)
observed the emission of flower buds be-
tween November and March, lasting 18 to
23 days and with episodes of anthesis be-
tween November and April, while the pe-
riod observed between anthesis and fruit
harvest varied from 34 to 43 days, distrib-
uted in nine cycles. In Fortaleza - CE, with
an average temperature of 27.1 to 28.8°C,
Machado (2019) observed reproductive
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stages of the pitaya Hylocereus sp. for a long

period of the year, starting in July and end-

Characterization of pitaya phenology in the
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flowering peaks in December or January, a
period that coincides with increased pre-

ing in April or May, with more significant cipitation and reduced sunlight.
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Figure 5. Average temperature (°C) and average solar radiation (W/m?) of the 2021/2022 and

2022/2023 cycles, from September to May.

A large variation in the duration and num-
ber of cycles can be observed throughout
the experiment. This variation can be ex-
plained by different climatic conditions. In
the northern hemisphere, in Mexico, Osuna-
Enciso et al. (2016) observed that the flow-
ering period of pitaya S. undatus began in
June, ending in September and October,
with five and seven cycles occurring in two
years, influenced by the increase in relative
humidity and temperature. In India, Kishore
(2016) observed, for pitaya S. undatus, that
the period of emission and development
of the floral bud occurred between the
months of June and September, with de-
velopment and maturation of the fruit be-
tween June and October. Pushpakumara et
al. (2005) observed, for Hylocereus spp., 4 to
7 cycles, between the months of April and
November, in Sri Lanka. In Israel, other au-
thors reported, for S. undatus and H. polyrhi-
zus, 4 to 5 production cycles, between the
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months of July and December (NERD, et
al., 2002). In Taiwan, Chu and Chang (2022)
observed, for pitaya H. polyrhizus, that the
period of emission and development of the
floral bud occurred between the months
of April and October, with development
and maturation of the fruit between May
and November, Ha et al. (2018) observed
genotypes of S. undatus with 3 to 5 cycles,
starting in the months of June and July
and ending in September, genotypes of H.
polyrhizus with 3 to 5 cycles, starting in the
months of June, August and September,
and ending in September or October. Also
in Taiwan, Tran and Yen (2014) observed the
production cycle of Hylocereus spp. starting
in May and ending in August or September,
ranging from 6 to 7 cycles.

During the experiment, abortions of flow-
er buds were observed, mainly in the initial
stage, as can be seen in Figure 6.
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Figure 6. Record of aborted H. polyrhizus flow-
er bud shortly after emergence.

The emission of flower buds was observed
mainly in the second cycle in 2021/2022, as
can be seen in Figure 7. In the first cycle, H.
polyrhizus emitted 0.48 flower buds per plant,
of which 0.40 (83.3%) reached anthesis and
0.08 (16.7%) aborted. S. undatus emitted 0.97
flower buds per plant, of which 0.69 (71.1%)
reached anthesis and 0.28 (28.9%) abort-
ed. In the second cycle, H. polyrhizus emit-
ted 4.8 flower buds per plant, of which 3.72
(77.5%) reached anthesis and 1.08 (22.5%)
aborted. S. undatus emitted 2.03 flower buds
per plant, of which 1.25 (61.6%) reached an-
thesis and 0.78 (38.4%) aborted. In the third
cycle, H. polyrhizus emitted 0.04 flower buds
per plant, of which 0.04 (100%) reached an-
thesis and none aborted. S. undatus emitted
0.31 flower buds per plant, of which 0.31
(100%) reached anthesis and none aborted.
In the fourth cycle, H. polyrhizus emitted 0.28
flower buds per plant, of which 0.28 (100%)
reached anthesis and none aborted. S. un-
datus emitted 0.81 flower buds per plant,
of which 0.66 (81.5%) reached anthesis and
0.15 (18.5%) aborted. In the total harvest, H.
polyrhizus emitted a greater number of flow-
er buds, and, despite having a higher abor-
tion rate, it presented a greater number of
flowers in relation to S. undatus, throughout
the whole cycle. H. polyrhizus emitted 5.60
flower buds per plant, of which 4.44 (79%)
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reached anthesis and 1.16 (21%) aborted. S.
undatus emitted 4.12 flower buds per plant,
of which 291 (71%) reached anthesis and
1.21 (29%) aborted.

In 2022/2023, the emission of flower buds
was also observed mainly at the beginning,
in the first cycle, as can be seen in Figure 7.
In the first cycle, H. polyrhizus emitted 7.12
flower buds per plant, of which 4.20 (59%)
reached anthesis and 2.92 (41%) aborted. S.
undatus emitted 1.09 flower buds per plant,
of which 0.97 (89%) reached anthesis and
0.12 (11%) aborted. In the second cycle, H.
polyrhizus emitted 1.28 flower buds per
plant, of which 0.60 (46.9%) reached an-
thesis and 0.68 (53.1%) aborted. S. undatus
emitted 2.06 flower buds per plant, of which
191 (92.7%) reached anthesis and 0.15
(7.3%) aborted. In the third cycle, H. polyrhi-
zus emitted 0.16 flower buds per plant, of
which 0.04 (25%) reached anthesis and
0.12 (75%) aborted. S. undatus emitted 1.16
flower buds per plant, of which 0.75 (64.7%)
reached anthesis and 0.41 (35.3%) aborted.
In the fourth cycle, H. polyrhizus emitted 0.36
flower buds per plant, of which 0.32 (88.9%)
reached anthesis and 0.04 (11.1%) abort-
ed. S. undatus emitted 0.84 flower buds per
plant, of which 0.69 (82.1%) reached anthe-
sis and 0.15 (17.9%) aborted. In the fifth cy-
cle, S. undatus emitted 0.75 flower buds per
plant, of which 0.66 (88%) reached anthesis
and 0.09 (12%) aborted. H. polyrhizus did not
emitted flower buds in the fifth cycle. As in
the previous harvest, H. polyrhizus emitted a
greater number of flower buds, and despite
having a higher abortion rate, it obtained a
greater number of flowers in relation to S.
undatus. H. polyrhizus emitted 8.92 flower
buds per plant, of which 5.16 (58%) reached
anthesis and 3.76 (42%) aborted. S. undatus
emitted 5.90 flower buds per plant, of which
4.98 (84%) reached anthesis and 0.92 (16%)
aborted.
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Figure 7. Flower buds emitted, aborted and viable, per plant, of H. polyrhizus and S. undatus, per
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The number of flowers per plant found in
this work corresponds to that expected
for the age of the plants, which have gone
through their first and second productive
harvest. Osuna-Enciso et al. (2016) reported
the formation of 44.5, 69.4 and 35.2 flowers
in 3, 4 and 5 year-old plants of S. undatus,
respectively. Tran and Yen (2014) observed,
in 10-year-old plants, 22 flowers per plant
of S. undatus, 26 flowers per plant of H.
polyrhizus and 29 to 32 flowers per plant
of Hylocereus spp. Ha et al. (2018) observed
in 10-year-old plants, a variation of 9 to 31
flowers per plant in S. undatus and 10 to 23
flowers per plant in H. polyrhizus.
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Martinez Chavez (2011) observed that there
is a high variability in the abortion rate of
red pitaya flower buds. According to the
author, the rate of flower buds that aborted
before anthesis fluctuated between 32-69%
for H. polyrhizus and 54-76% for S. undatus,
depending on the genotype and year eval-
uated. De La Luz Ledn et al. (1995) observed
similar results for Stenocereus gummo-
sus, “pitaya agria”, with 36% of flower bud
abortion.

In their natural habitat, pitaya plants grow in
the shade of trees, and it is necessary to rec-
reate a similar environment for their cultiva-
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tion. In the present experiment, the plants
were grown in full sun, without shading.
According to Nobel and De la Barreta (2004),
commercial pitaya orchards should have 30
to 60% shading, due to high temperatures
and strong incidence of direct radiation on
the plants. This environmental relationship
may explain why the highest rates of flow-
er bud abortion occurred in the months of
December and January of the first year and
November, December and January of the
second year. According to Castillo and Ortiz
(1994), in addition to environmental factors,
the abortion rate may also be associated
with competition for the nutritional reserves
of the buds with other buds, flowers and
fruits. These periods of the highest abortion
rate coincide with the highest number of
flower bud emissions, with the first two cy-
cles of each year having a significantly high-
er number compared to the others.

Cardoso et al. (2026)

Table 1 shows that, for the 2021/2022, the
fourth cycle presented a higher fruit mass
(434.07 g) compared to the first (273.39 g)
and the second cycle (267.9 g), in both gen-
otypes evaluated, with H. polyrhizus having
the highest average (328.7 g) compared to
S. undatus (261.99). This difference was not
observed for the evaluation of pulp mass.
The third cycle of 2021/2022 could not be
evaluated due to the loss of fruits to pest
attack. In 2022/2023, the third cycle of H.
polyrhizus did not produce fruits, influenc-
ing the results. Nevertheless, H. polyrhi-
zus presented a higher average fruit mass
(387.62 g), compared to S. undatus (275.43
g), repeating itself for pulp mass (262.27 g
and 176.22 g). The fifth cycle of 2022/2023
could not be evaluated for the species S.
undatus due to the loss of fruits to pest at-
tacks, while H. polyrhizus did not produce
flower buds in this last cycle.

Table 1. Fruit mass (g) and pulp mass (g) of the S. undatus and H. polyrhizus genotypes for

2021/2022 and 2022/2023.

Fruit mass (g)

Cycl
yele S. undatus H. polyrhizus

1 250.31 Ab* 347.25 Ab
2 211.76 Bb 293.29 Ab
2021/2022 3 -** -
4 382.77 Ba 514.67 Aa
Average  261.99B 328.70 A
1 367.88 Aa 398.91 Aa
2 244,98 Ba 404.32 Aa
3 220.07 Aa 0.00 Bb
2022/2023 4 211.71 Aa 321.47 Aa
5 - -
Average 27543 B 387.62A

Pulp mass (g)
Average S. undatus H. polyrhizus Average
273.39b 171.73 Ba 271.01 Aa 195.37a
267.90 b 24147 Aa 216.15 Aa 228.81a
434,07 a 221.02 Aa 343.80 Aa 261.94a
190.29 A 260.51 A
391.79a  254.83Aa 300.33 Aa 288.46 a
28216ab  158.41Ba 294.40 Aa 206.01 ab
188.63 b 146.43 Aa 0.00Bb 106.49 b
255.62b 175.40 Aa 219.65 Aa 197.53 ab
- X*** X X
176.22 B 262.27 A

*Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test at 5%
probability of error. Means followed by the same uppercase letter in the row do not differ from each other by the
Tukey test at 5% probability of error. **Missing data, marked by a“-", due to pest attacks during the period. **Missing
data, marked by an “x”, indicate that there was no reproductive stage for that period.

The 2021/2022, S. undatus resembles the
results found by Osuna-Enciso et al. (2016),
with higher fruit mass values (g) in the last
cycles of S. undatus, which was not repeat-
ed in the 2022/2023 harvest or with the H.
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polyrhizus genotype.

Table 2 shows that, for 2021/2022, the
fourth cycle presented a higher peel mass
(144.78 g) in relation to the first (78.03 g)
and second cycle (82.50 g), in the two gen-
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otypes evaluated. Regarding the pulp yield
evaluation, a higher yield was observed in
the second cycle of S. undatus (72.11%) in
relation to the fourth cycle (55.11%), with H.
polyrhizus having the highest yield (74.5%)
in relation to S. undatus (61.37%). The third
cycle of 2021/2022 could not be evaluat-
ed due to the loss of fruits to pest attack.
In 2022/2023, the third cycle of H. polyrhi-
zus did not produce fruits, influencing the
results. S. undatus presented a higher av-
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erage peel mass (149.7 g) in relation to H.
polyrhizus (121.41 g). H. polyrhizus showed a
higher pulp yield (60.23%), compared to S.
undatus (53.37%). The fifth cycle of this har-
vest could not be evaluated for the species
S. undatus due to the loss of fruits to pest
attacks, while H. polyrhizus did not produce
flower buds in this last cycle. Osuna-Enciso
et al. (2016) observed that for S. undatus the
highest pulp yields were recorded in the
initial cycles of the harvests evaluated.

Table 2. Peel mass (g) and pulp yield (%) of the S. undatus and H. polyrhizus genotypes for the

2021/2022 and 2022/2023 harvest cycles.
Peel mass (g)

Cycle S. undatus H. polyrhizus
1 78.58 Ab* 76.26 Ab
2 90.59 Ab 7441 Ab
2021/2022 3 -** -
4 154.18 Aa 125.97 Aa
Average 90.53 A 82.66 A
1 23141 Aa 150.13 Ba
2 131.00 Ab 109.29 Aa
3 128.80 Ab 0.00 Bb
202212023 4 109.6 Ab 101.82 Aa
5 - -
Average  149.70 A 121.41 B

Pulp yield (%)

Average S. undatus H. polyrhizus Average
78.03 b 59.85 Bab 76.96 Aa 63.92 ab
82.50b 7211 Aa 7217 Aa 7214 a
14478 a 55.11 Bb 72.52 Aa 60.91b

61.37B 74.50 A

17133 a 51.70Ba 64.99 Aa 61.53 a

123.40 ab 53.90 Ba 72.84 Aa 60.53 a
93.67b 51.95 Aa 0.00Bb 37.78 b
105.71b 60.56 Aa 65.98 Aa 63.27 a

- X*** X X
53.37B 60.23 A

*Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test at 5%
probability of error. Means followed by the same uppercase letter in the row do not differ from each other by the
Tukey test at 5% probability of error. **Missing data, marked by a“-", due to pest attacks during the period. **Missing
data, marked by an “x”, indicate that there was no reproductive stage for that period.

In the first harvest, 2021/2022, it is possi-
ble to observe that the only difference be-
tween the cycles, for the concentration of
malic acid (%), was the first cycle for S. un-
datus (0.20%) in relation to the other cycles.
On average, S. undatus presented a higher
concentration of malic acid (0.22%) in rela-
tion to H. polyrhizus (0.15%), as in all respec-
tive cycles. Regarding the concentration
of soluble solids (°Brix), no difference was
verified between the cycles and between
the genotypes evaluated. The third cycle
of 2021/2022 could not be evaluated due
to the loss of fruits to pest attack. In the
second harvest, 2022/2023, the third cy-
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cle of H. polyrhizus did not produce fruits,
influencing the results. As in the previous
harvest, S. undatus presented a higher con-
centration of malic acid (%) (0.39%) in rela-
tion to H. polyrhizus (0.15%). It was possible
to observe a higher concentration (0.69%)
in the first cycle of S. undatus in relation to
the others. Regarding the concentration
of soluble solids (°Brix), no difference was
observed between the genotypes evaluat-
ed, but rather a lower concentration in the
third cycle of S. undatus (6.89 °Brix) which,
together with the absence of data for H.
polyrhizus (0.00 °Brix), influenced a lower
average between the cycles (5.00 °Brix) in
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this harvest. The fifth cycle of this harvest
could not be evaluated for the species S. un-
datus due to the loss of fruits to pest attack,
while H. polyrhizus did not produce flower
buds in this last cycle (Table 3).

Results from Osuna-Enciso et al. (2016) for
S. undatus show a higher concentration of
malic acid (%) in the central period of the

Cardoso et al. (2026)

harvest, in September and October. This
pattern was not observed in the present
study, which resulted in the first cycle of
each harvest of S. undatus with the lowest
and highest concentration of malic acid (%)
in relation to the others. The authors also
observed a difference with a higher concen-
tration of soluble solids (°Brix) at the begin-
ning compared to the end of the harvest.

Table 3. Concentration of malic acid (%) and soluble solids (°Brix) of the genotypes S. undatus and
H. polyrhizus for the 2021/2022 and 2022/2023 harvest cycles.

Malic Acid (%)

Cycle S. undatus H. polyrhizus Average

1 0.20 Ab* 0.16 Ba

2 0.27 Aa 0.16 Ba
2021/2022 3 o -

4 0.26 Aa 0.10 Ba

Average 0.22A 0.15B

1 0.69 Aa 0.16 Ba

2 0.35Ab 0.19Ba

3 0.29 Ab 0.00 Bb

2022/2023 4 0.27 Ab 0.19Ba
5 - -

Average 0.39A 0.15B

Soluble Solids (°Brix)
S. undatus H. polyrhizus  Average

0.19a 10.56 Aa 10.14 Aa 10.46 a
021a 11.31 Aa 10.71 Aa 11.01a
0.20a 10.60 Aa 10.30 Aa 10.5a
10.69 A 10.38 A
0.30a 11.37 Aa 12.41Aa 1214 a
029a 12.33 Aa 12.96 Aa 12.55a
020a 6.89 Ab 0.00 Bb 5.00b
023a 12.15Aa 13.71Aa 1293 a
- X*** X X
10.61 A 11.35A

*Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test at 5%
probability of error. Means followed by the same uppercase letter in the row do not differ from each other by the
Tukey test at 5% probability of error. **Missing data, marked by a“-", due to pest attacks during the period. **Missing

data, marked by an “x” indicate that there was no reproductive stage for that period.

It is possible to observe in the first harvest,
2021/2022, the difference in the SS/TA ratio
between the second cycle of H. polyrhizus
(67.00) in relation to the same period of S.
undatus (44.05). H. polyrhizus also presented
a higher result in the fourth cycle (100.47) in
relation to S. undatus (43.95). This result in
the fourth cycle of H. polyrhizus is also the
highest among its other cycles. The third
cycle of this harvest could not be evaluated
due to the loss of fruits to pest attack. In the
second harvest, 2022/2023, the third cycle of
H. polyrhizus did not produce fruits, influenc-
ing the results. In the SS/TA ratio, H. polyrhi-
zus presented higher results (73.86) in rela-
tion to S. undatus (33.48). Across harvests, H.
polyrhizus tended to show higher SS/TA than
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S.undatus (e.g., 73.86 vs. 33.48 in 2022/2023),
while pH showed little difference between
genotypes. Cycle-specific gaps reflect pest/
bird losses and absence of reproductive
stage in some periods (Table 4).

For the pitaya fruit to be of good quality, it
is important that the SS/TA ratio is less than
40. A result greater than 40 indicates fla-
vorless fruit due to the loss of organic acids
during respiration (VAN TO et al., 2000).

The high SS/TA values for H. polyrhizus and
S. undatus in this study may be attributed
to the low concentration of soluble solids
(°Brix) and the high concentration of malic
acid (%). This may have occurred due to the
need for early harvesting of the fruits be-
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cause of bird attacks, which reduced fruit
quality. According to results reported by
Cruz and Martins (2022), good-quality fruits
of H. polyrhizus range from 11 to 22 °Brix
and 0.17 to 0.24% malic acid, whereas those
of S. undatus range from 11 to 18 °Brix and

Characterization of pitaya phenology in the
coastal region of Santa Catarina state

0.11 to 0.20% malic acid.

The result in the SS/TA ratio of the second
harvest of S. undatus (33.48) indicates good
quality of the fruits, as found by Centurién-
Yah et al. (2008), in Mexico.

Table 4. SS/TA ratio and pH of the S. undatus and H. polyrhizus genotypes for the 2021/2022 and

2022/2023 crop cycles.
Cvel SS/TA pH
yeie S. undatus H. polyrhizus Average S.undatus H. polyrhizus Average
1 56.11 Aa* 63.53 Ab 57.87 a - - -
2 44.05Ba 67.00 Ab 55.25a -
2021/2022 3 - - - -
4 43.95 Ba 100.47 Aa 62.79 a -
Average 52.42 A 7013 A - -
1 16.75 Ba 85.11 Aa 67.28 a 3.79Bb 4.76 Aa 451a
2 3747 Ba 77.51 Aa 51.49ab 4.25 Bab 4.78 Aa 444 a
2022/2023 3 36.77 Aa 0.00Bb 25.74 b 3.78 Ab 0.00Bb 2.65b
4 46.15 Aa 76.25 Aa 61.20 a 4.67 Aa 4.76 Aa 471a
5 - - - X X X
Average 33.48B 73.86 A 4.07 A 427 A

*Means followed by the same lowercase letter in the column do not differ from each other by the Tukey test at 5%
probability of error. Means followed by the same uppercase letter in the row do not differ from each other by the
Tukey test at 5% probability of error. **Missing data, marked by a“-", due to pest attacks during the period. **Missing

data, marked by an “x” indicate that there was no reproductive stage for that period.

Conclusions

In the region of Florianépolis - Santa
Catarina State, four to five production cycles
can be observed, starting in the months of
November and December.

From the emission of the flower bud to an-
thesis, 19 days were observed, and 33.5 to
45.5 days from anthesis to harvest, for S. un-
datus. While from the emission of the flow-
er bud to anthesis, 20 days were observed,
and 33.5 to 45.5 days from anthesis to har-
vest, for H. polyrhizus.

The period of fruit ripening increased with
each cycle in each harvest, with the reduc-
tion of temperature and radiation over the
months, between summer and winter.

H. polyrhizus presented a higher rate of bud
abortion in relation to S. undatus. However,

Fruit. Crop. Sci. J. 2026; v.1: e-013

the number of flower buds that reached the
anthesis stage corresponds to that expect-
ed for plants in the first and second produc-
tion cycles.

H. polyrhizus demonstrated a higher aver-
age fruit mass and pulp yield than S. unda-
tus in both harvests, with a higher average
pulp mass only in the second harvest, while
S. undatus presented a higher peel mass in
the second harvest.

S. undatus presented better fruit quali-
ty compared to H. polyrhizus, in the SS/TA
ratio.

Phenological timings allow harvest sched-
uling from anthesis (D+34-46) and the ad-
vance deployment of bird protection and
labor/logistics. The abortion patterns sup-
port fine irrigation (smaller, more frequent
applications) and light shading during
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heat/radiation peaks, as well as targeted
nutrition with K (and B, as indicated by anal-
ysis) during the induction/emission phase
to favor fruit set and filling.

Lots with SS/TA < 40 and firm texture should
be prioritized for the fresh market, whereas
lots with high pulp yield and soluble solids—
more common in H. polyrhizus—are better
suited to processing (pulps/juices). These

Cardoso et al. (2026)

practical guidelines can help growers and
researchers optimize management, reduce
losses, and align product flows with market
demands under subtropical conditions.

Data Availability: The data that support
the findings of this study are available from
the corresponding author, Cardoso, JF,
upon reasonable request.
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