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ABSTRACT

Yellow pitahaya is a tropical fruit with economic potential due to its physicochemical,
organoleptic and nutritional properties. Given the CAM (crassula acid metabolism) of pitahaya, it
1s necessary to study the stomatal aperture and acidic behaviour in the cladode and fruit in field
and postharvest in order to understand the physiology, crop management, and postharvest
processes of yellow pitahaya, particularly in response to the day/night rhythm. Stomatal
behaviour was characterised in a 4-year-old pitahaya crop (Silvania, Colombia), under ambient
conditions of 19°C, 12/12 hours day/night, and additionally, total titratable acidity (TTA), total
soluble solids (TSS) and maturity ratio (MR) were determined in the fruits. Subsequently, fruits
harvested in physiological maturity (90% green, 10% yellow) were stored at 13°C and 80%
relative humidity for 16 days, and the effect of three lighting treatments (continuous light,
continuous darkness and light/dark change: 12/12 h) was evaluated, determining stomatal
behaviour, TTA, TSS, MR, firmness, respiration and weight loss. In the field, the cladodes
showed a behaviour characteristic of CAM plants, but the fruits did not. In storage, fruits
subjected to the light/dark change showed significant increases in respiration intensity and
cumulative weight loss. Postharvest treatments did not show significant differences in firmness,
TTA, TSS and fruit maturity ratio. Based on the results, it is indicated that storage under
alternating light and dark conditions decreases the postharvest shelf life of pitahaya fruit.
Additional key words: dragon fruit; stomatal opening; CAM metabolism; alternating light/dark;

respiration; storage.

RESUMEN
La pitahaya amarilla es un fruto tropical que posee potencial econémico debido a sus propiedades
fisicoquimicas, organolépticas y nutricionales. Debido al metabolismo CAM (crassula acid

metabolism) de la pitahaya es necesario estudiar la apertura estomatica y el comportamiento de la


https://doi.org/10.17584/rcch.2024v18i3.18175
https://doi.org/10.17584/rcch.2024v18i3.18175

Espitia-Basallo, E., D. Fontecha-Camacho, G. Fischer, and A. Herrera-Arévalo. 2024.
ACCGpted Stomatal aperture and physicochemical qualities in yellow pitahaya (Hylocereus megalanthus

. Bauer) fruits in response to day/night rhythm in pre and postharvest. Revista Colombiana de

manus Crlpt Ciencias Horticolas 18(3), ¢18175. Doi: https://doi.org/10.17584/rcch.2024v18i3.18175

acidez en cladodio y fruto en campo y poscosecha para entender mejor su fisiologia, manejo de
cultivo y poscosecha, dependiendo del ritmo dia/noche. En un cultivo de pitahaya, de 4 afos de
edad (Silvania, Colombia), bajo condiciones ambientes de 19°C, 12/12 horas dia/noche, se
caracterizé el comportamiento estomatico, y se determind la acidez total titulable (ATT), solidos
solubles totales (SST) y relacion de madurez (RM) en frutos. Posteriormente, en frutos con
madurez fisiologica (90% verde, 10% amarilla), almacenados a 13°C y 80% de humedad relativa,
por 16 dias, se evalud el efecto de tres tratamientos de iluminacion (luz continua, oscuridad
continua y cambio luz/oscuridad: 12/12 h) y se determiné el comportamiento estomatico, la ATT,
los SST, la RM, firmeza, respiracién y pérdida de peso. En campo, so6lo los cladodios y no los
frutos presentaron un comportamiento caracteristico de las plantas CAM. En almacenamiento,
frutos sometidos al cambio luz/oscuridad presentaron aumentos significativos de la intensidad
respiratoria y pérdida acumulada de peso. Los tratamientos poscosecha no presentaron
diferencias significativas para las variables firmeza, ATT, SST y relacion de madurez de los
frutos. Con base en los resultados se indica que el almacenamiento a condiciones de luz y
oscuridad alternantes disminuye la vida util del fruto de pitahaya en poscosecha.

Palabras clave adicionales: fruta del dragdn; apertura estomdtica; metabolismo CAM;

alternancia luz/oscuridad; almacenamiento.

INTRODUCTION

The demand for functional, nutrient-rich, healthy and beneficial fruits is increasing along with
improved standard of living (Li et al., 2024). Pitahaya, native to the Andean region (Morillo-
Coronado et al., 2017) occupies an important niche in the international exotic fruit market,
especially in the United States and Europe, and in the domestic markets of countries such as
Colombia, Mexico, Costa Rica, Nicaragua, Guatemala, Ecuador and the Caribbean islands (Paull
and Duarte, 2012), Malaysia, Vietnam and Brazil (Nunes et al., 2014). Moreover, new
plantations exist in Australia, Israel and Reunion Island (Le Bellec ef al., 2006). On Asia it is
commercially cultivated in China, Malaysia, Thailand, Vietnam, Bangladesh, Sri Lanka, and
India (Mori et al., 2023).

Pitahaya is a perennial, succulent plant belonging to the Cactaceae family and characterised

by its climbing and/or epiphytic habit. However, being a plant adapted to desert environments
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(Chuck-Hernandez et al., 2016), pitahaya has evolved to adapt well to humid tropical areas of the
American continent (Corredor, 2012).

In Colombia, pitahaya crops are well adapted to the conditions of the coffee-growing zone, at
altitudes between 1,500 and 1,900 m a.s.l. (Fischer ef al., 2023) and temperatures between 18 and
21°C, but Corredor (2012) also reports crops between 800 and 1,900 m a.s.l., with temperatures
between 16°C (at night) and 25°C (during the day). In India, Mori et al. (2023) report cultivation
at altitudes up to 1,700 m a.s.l. Paull and Duarte (2012) assume that longer days may trigger
flowering, so in some plantations artificial light has been used to extend day length.

The scaly fruit of yellow pitahaya is a globose, ellipsoidal-to-ovoid berry with white flesh and
numerous black seeds (Mercado-Silva et al., 2018), which reaches maturity approximately 6
months after the flower bud is formed and has a fresh weight between 120 and 250 g (Le Bellec
and Vaillant, 2011). It has a sweeter flesh than the red species (Paull and Duarte, 2012). In the
epidermis of leaves, stems and fruits, stomata are located, formed by two guard cells, generally
elongated, which enclose a pore through which plants absorb CO, and release O, (Taiz et al.,
2017). In the case of pitahaya, leaves are reduced to spines and photosynthetic activity is mostly
taken over by the plant's modified succulent stems, called cladodes (Corredor, 2012; Sanchez et
al., 2013).

The importance of this fruit can be explained, in part, by its attractive qualities - exotic
appearance, intense yellow or red colour and its sensory, nutraceutical characteristics and
commercial value (Esquivel and Ayara, 2012; Verona-Ruiz et al., 2020; Deori et al., 2024). Due
to the trade policies of some producing and exporting in countries such as Colombia, Israel and
Vietnam (Le Bellec and Vaillant, 2011), only two pitahaya species are commonly found in the
market at present: yellow pitahaya (Hylocereus megalanthus Bauer, syn. Selenicereus
megalanthus), a fruit with yellow skin, spines and white flesh; and red pitahaya (Hylocereus spp.
Britt & Rose), a fruit with a red skin, no spines, and white or red flesh (Le Bellec and Vaillant,
2011).

In plants with C3 and C4 metabolism, stomata show a rhythmic behaviour, opening during the
day and closing at night (Winter and Holtum, 2014). In CAM metabolism plants, such as
pitahaya and other cacti, the opposite occurs, the maximum opening of the stomata takes place at
night, especially at the beginning of night. At this time, CO, is absorbed and fixed, mediated by a

carbonic anhydrase by PEP carboxylase), and stored it as malic acid in the vacuoles of the fruit,
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which decreases its pH drastically. Meanwhile, in the daytime, CO, is released from the vacuole
and subsequently decarboxylated to produce CO,, and subsequently carboxylated by Rubisco in
the chloroplast stroma through the Calvin-Benson cycle. Elevated levels of internal CO, stimulate
stomatal closure in the daytime (Lambers and Oliveira, 2019). Sanchez et al. (2013) found a low
stomatal density in pitahaya cladodes (11.28 stomata/mm?), which was still 8 times higher than in
fruits (1.43/mm?), and observed in purple passion fruit, a C3 plant, 106.5 leaf stomata/mm?* and
12.6/mm? on fruit surface.

Biological circadian rhythms, which include the closing and opening of stomata, are
synchronised through environmental conditions such as light and temperature (Goodspeed et al.,
2013; Gil and Park, 2019). They behave as a vital biological clock that favours the maintenance
of habitual growth, healthy development and fitness of the plant (Chaudhary et al., 2023). Since
many plants exhibit circadian patterns of abundant transcripts, the circadian clock plays an
important role in regulating plant biochemistry, being regulated by numerous genes involved in
metabolism (Sanchez and Kay, 2016). Fruit and vegetable cells, after they have been harvested,
remain active and continue to sense light, so their biological clocks continue to function (Braam,
2013). This ability of harvested produce allows the plant to modify the levels of chemicals that
protect it from being eaten by herbivores and may also increase its level of phytochemicals
important for the health of consumers (Braam, 2013). This was the case in the study by Castillejo
et al. (2023), who used night-time supplemental lighting with cool white, blue, green, red or far-
red LEDs in broccoli florets storage at 5°C, increasing the bioactive compound sulforaphane
significantly.

Nocturnal conditions with lower temperatures and higher relative humidity favour the
maintenance of a water status that enables the toleration of situations of high heat and dry periods
(Taiz et al., 2017; Rengel et al., 2023). In this regard, Davis et al. (2019) highlight the high water
use efficiency (WUE) of CAM plants, which is a primary benefit in agriculture which boosts
yields, including under water stress conditions, and makes this group of plants more resilient to
climate change. Chuck-Hernandez et al. (2016) claim that, due to CAM metabolism, the WUE of
pitahaya is five to ten times higher that of C3 plants. In addition, arid conditions with very hot
sunshine can lead to sun strike on cladodes (Fischer et al., 2022) and flower bud drop in

pitahayas, and, possibly, excess solar energy can cause photoinhibition (Florez-Velasco et al.,
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2024), which is why in some countries with these conditions there are plantations with shading
between 30 and 50% (Perween et al., 2018).

There are few studies of post-harvest stomatal behaviour, Johnson and Brun (1966) showed
that stomata of banana (Musa acuminata L. var. Hort. Valery) are able to open and close for
several weeks after harvest, while Guaqueta et al. (2007) observed a stomatal closure in guava at
3.5 h after harvest that occurred faster when the temperature was higher (25°C vs. 13°C).

During postharvest, changes in quality attributes such as texture, aroma, flavour and
penetration resistance may occur in fruits as indicators of maturity (Pareek, 2016; Pott et al.,
2020). In pitahaya, TTA is reduced during storage (Nerd et al., 1999). Respiration affects the
postharvest life of fruits as there is an inverse relationship between respiration intensity and
postharvest life of the fruit (Pareek, 2016). Postharvest weight loss is governed by the
transpiration process and fruit respiration (Martinez-Gonzalez et al., 2017).

Studies by Nerd et al. (1999) in red pitahaya fruits and by Siddiq and Nasir (2012) in yellow
pitahaya indicate that these fruits have non-climacteric behaviour. However, Rodriguez et al.
(2005) found a climacteric peak in yellow pitahaya, classifying this as a climacteric fruit, while
Paull and Duarte (2012) mention that both yellow and red pitahaya are non-climacteric. In
general, extending the shelf-life of harvested fruits is mainly done through controlling respiration
rates (Saltveit, 2019; Umeohia and Olapade, 2024).

Multiple factors affect the quality of pitahaya fruits (Le Bellec and Vaillant, 2011) and there
are no adequate technological packages for production and postharvest handling that allow this
crop to be more competitive (Alvarez-Herrera et al., 2016). Therefore, the objective of this study
was to determine whether periods of light and darkness, which govern the opening of stomata in
pre-harvest, also affect stomatal behaviour and the physicochemical quality and respiration of
fruit in postharvest, considering conditions of darkness, permanent light and alternating light/dark
for 12 h. If light causes stomata closure in storage, artificial lighting could be an option to extend

the postharvest life of these CAM fruits.

MATERIALS AND METHODS
Location and plant material
The study was carried out on a 4-year-old commercial crop of yellow pitahaya (H.

megalanthus Bauer), located at 4°27° N and 74°22° W, in the municipality of Silvania
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(Colombia), at an elevation of 1,900 m, with mean temperature of 19°C and rainfall of 1,400 mm
per year”. The plant material consisted of cladodes and fruits at green-yellowish maturity (90%
green and 10% yellow; Fig. 1), corresponding to the physiological maturity point (Duefas ef al.,
2012), located in the middle third of the plant, of homogeneous size, without phytosanitary

problems or evidence of physical damage.

-
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Figure 1. Physiological maturity index of itahaya fits used in this study. Photo: G.
Fischer.

The postharvest study was carried out in a storage chamber (13°C and 80% relative humidity)
with cold light lamps (12 VDC 990X12X1 mm; 5630-72 LED) for 16 d in the postharvest
laboratory of agricultural products at the Faculty of Agricultural Sciences, Universidad Nacional

de Colombia, Bogota.

Experimental design and statistical analysis

In the field, a completely randomised design (CRD) was used with the time of day as a factor,
while in post-harvest, a CRD was established with three lighting treatments in continuous cycles
(24 h of darkness, 24 h of light, and 12 h of light + 12 h of darkness). Analysis of variance
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(ANOVA) and Tukey's comparative tests (P<0.05) were performed using SAS 9.1 software (SAS
Institute, Cary, NC).

Stomatal behaviour and density

The stomatal behaviour of cladodes and fruits in plants was evaluated every 3 h for a period of
72 h (15 experimental units in the field and 3 in postharvest). In addition, post-harvest
measurements were carried out for 16 d, every 3™ d. The surface of the fruits and cladodes was
printed using the enamel printing technique proposed by Brewer (1992). Recognition of stomata
(open and closed) was carried out using the scale of Laurin et al. (2006), adapted to light
microscopy. Stomatal density (number of stomata/mm?) in fruits and cladodes was obtained by
counting stomatal structures in a 1 mm? field with the support of a BM2000 binocular microscope
(Nanjing Jiangnan Novel Optics, Ningbo, Zhejiang, China), a DCM510 adaptable digital camera
(OCS Tec, Neuching, Germany) and ScopePhoto 3.0 software (UpdateStar, Berlin, Germany).

Physico-chemical analysis

Total soluble solids (TSS) and total titratable acidity (TTA) were evaluated every 6 h for 3 d
in the field and postharvest, and every 3 d for 16 d in postharvest. TSS were measured in the field
with a portable refractometer Brixco 3020 (Labexco, Bogota, Colombia) and in postharvest with
a digital refractometer HI 96801 (Hanna Instruments, Woonsocket, RI) with a scale of 0-85% of
each one. TTA was determined volumetrically by neutralisation of a 5 g sample of fruit pulp or
cladode with a 0.1 N concentrated NaOH solution and phenolphthalein as pH indicator (AOAC,
1990). The results were expressed in percentage of citric acid as indicated by Herrera (2010) (Eq.
1).

TTA (% citricacid):loo * AD* B+ C O

where, A was volume (mL) of NaOH used, B normality of NaOH (0.1 N), C equivalent weight of
citric acid (0.097 g meq™) and D weight of sample (g).

The ratio of TSS to TTA determined the maturity ratio (MR) in fruits. Weight loss was
evaluated every 6 h for 72 h and then every 3™ day for 16 d, taking into account the difference in
weight between the initial day and the time of sampling (Eq. 2).

100 = Initialweig ht — finalweig ht
Initialweig ht

% weigthloss=

(2)
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Penetration resistance was measured in the laboratory, every 6 h for 3 d and every 3 d for 16
d, in shelled fruit, using a digital penetrometer LS1 (Ametek, Berwyn, PA), with a 0.5 cm
diameter probe at a point on the equatorial axis of each fruit.

In the same period of time, post-harvest respiratory intensity (RI, mg CO, kg' h™') was
measured by quantifying the CO, emission of pitahaya fruits preserved in 2 L airtight chambers,
using infrared CO,-BTA sensors (Vernier Software & Technology, Beaverton, OR) coupled to
the LabQuest data acquisition system (Vernier Software & Technology, Beaverton, OR). The

variable was calculated using the formula proposed by Garcia (2015) (Eq. 3).

1
REmMx* (Ve —Vf—47,522) * 3.6 * 1.842 *Wf 3)

where, m was slope determined with the LabQuest system (ppm CO? s), V¢ volume of the
chamber (mL), Vf volume of the fruits (mL), Wf weight of the fruits (g). The constant 47.522
corresponds to the volume of the sensor entering the chamber and 1.842 is the density of CO, in

mg cm™.

RESULTS AND DISCUSSION
Stomatal behaviour

In the field, significant differences (P<0.05) were found between the times of day when the
stomatal aperture of cladodes was assessed (Fig. 2). The highest stomatal opening was observed
in the evening hours (between 21:00 and 03:00 h) with an average of 67.4%, in contrast to
daylight hours (between 9:00 and 15:00 h) where an average of 8.8% of stomata were open. The
fruits did not show a rhythmic stomatal behaviour depending on the time of day (Fig. 2).
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Stomata opening (%)
L))
L)

‘—I— Clacode  ~O— Fuit |

Figure 2. Percentage of stomata opening in cladodes and fruits of pitahaya during 3 days
under field conditions. The upper box indicates alternation between hours of darkness
(black colour) and light (white colour). Sampling every 3 hours. Vertical bars indicate
standard deviation.

The rhythmic opening and closing of stomata in cladodes allow us to observe the CAM
behaviour of the pitahaya plant, where there is a greater opening at night (Sanchez et al., 2013;
Taiz et al., 2017). The fact that the stomatal aperture in fruits did not show significant differences
during the hours evaluated would indicate that the fruits, in this study, unlike the cladodes, do not
conform to CAM-type stomatal metabolism. However, Sanchez et al. (2013) found that yellow
pitahaya fruits in the field still show CAM rhythmic stomatal behaviour, although this is less
marked than in cladodes. These authors measured a correlation of R*=-0.27 between solar
radiation and open stomata in fruits which, as mentioned above, was much higher in cladodes
(R*=-0.48).

In C3 banana and guava plants, Guaqueta et al. (2007) observed the same trend between intact
leaves and fruits. These results would mean that in the daytime there was a higher percentage of
open stomata in leaves than in fruits and the stomatal behaviour of the two organs correlated well
with the intensity of incident solar radiation, while stomata in carambola fruits were continuously
open.

Overall, little to no coincidence of pitahaya fruit stomata opening with foliar (cladode) can be
observed. This reflects the conclusion of Yahia et al. (2019), that for the fruit organ, there are no
clear reports of marked acid fluctuations between day and night, nor a constant net CO,

assimilation in this organ. However, the fruits showed evident photochemical activity.
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During storage, it was observed that the stomatal aperture of the fruits was independent of the
time of day (Fig. 3). The independence of fruit stomatal aperture from time of day agrees with the
study by Nerd et al. (1999), where fruits of H. undatus and H. polyrhizus did not show CAM
metabolism, which had been observed in the intact cladodes of the plant. Similarly, in detached

fruits, stomata tend to be less responsive to environmental factors than intact fruits (van Meeteren

and Aliniaeifard, 2016).

. —
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Figure 3. Percentage of stomatal aperture in pitahaya fruits during 16 days of storage at
13°C and different lighting conditions (continuous darkness e, continuous light o, 12 h light

and 12 h darkness per day A). Sampling at days 1, 2, 3, 4 and then every 3 days. Vertical
bars indicate standard deviation.

However, significant differences were recorded between light treatments, at 13 and 16 days
after harvest (DAH), where the percentage of open stomata was significantly higher (£<0.05) in
fruit subjected to light-dark alternation. In comparison, the stomata of Brassica oleracea cabbage
(C3 plant), stored at 1°C and 95% RH, in darkness or in continuous light, kept their stomata open
under light, but closed in darkness (Noichinda et al., 2007).

The results obtained on stomatal aperture up to 16 DAH indicate, to some extent, that
alternating light/dark storage promotes stomatal metabolism in fruit. It is possible, as the authors
surmise, that the fruit and their stomata would maintain a certain circadian rhythm related to the
light/dark cycle when they were intact on the plant. Hassidim et al. (2017) observed, in
Arabidopsis thaliana kept under permanent light, an adjustment in gas exchange by leaves

through the circadian clock so that stomata ‘instinctively’ opened more during daylight hours
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than at night (de Leone ef al., 2020) confirming that the circadian clock is one of the important
regulators of stomata opening in plants without water stress (Hotta et al., 2007).

Casal (2008) states that the measurement of photoperiod depends on the coincidence between
light and circadian rhythm involving stability and instability effects of the CONSTANS gene,
related to this process and controlled by light. Presumably, and following the floral induction
theory of Taiz et al. (2017), from 13 DAH onwards, sufficient day/night cycles had occurred for
a greater stomatal opening to occur, which also activates an elevated fruit metabolism, as seen

later in the results of the physicochemical and respiration analysis of the fruit.

Physico-chemical analysis
Total titratable acidity (TTA)

The TTA in the fruit was higher than in the cladodes, indeed, more than twice as high in most
measurements. However, during the first night, and to a lesser extent on the third night, there was
a significant increase in acidity in the cladodes which coincided with the greater opening of the
stomata on those nights (Fig. 3). Lambers and Oliveira (2019), who characterise CAM plants by
their assimilation of CO, during the night, when their stomata are open, which allows the
accumulation of organic acids in the vacuole, subsequently moving to the Calvin cycle during the
day. The TTA of the fruits did not show statistical differences between day and night values, only
a tendency for acidity to increase between 18:00 and 0:00 h was observed in the second and third
night of sampling (Fig. 4), which confirms the greater reaction of the cladodes than the fruits to
CAM metabolism. Fruit TTA values were found to be in the range of twice those measured by
Sotomayor et al. (2019), with 0.14% TTA in ripe yellow pitahayas and 0.12% TTA observed by
Viazquez-Castillo et al. (2016) taking into account that our study worked with physiologically
ripe fruits (90% green and 10% yellow), and pitahaya acidity decreases during the ripening

process in cultivation (Sotomayor et al., 2019).
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Figure 4. Total titratable acidity of fruits and cladodes of yellow pitahaya (Hylocereus
megalanthus) in the field during day (light box) and night (dark boxes). Sampling every 6
hours, for 3 days. Vertical bars indicate standard deviation.

In storage, there were no significant differences for TTA between treatments, with the
percentage of citric acid ranging from 0.13 to 0.38 (Fig. 5), similar to the value of 0.15 reported
by Lima et al. (2013) in yellow pitahaya. A general trend of decreasing fruit acidity was
observed, possibly because during the ripening process, organic acids are used as a substrate for
respiration (Vallarino and Osorio, 2019), as was also observed by Rodriguez et al. (2005) in
yellow pitaya. Peaks of TTA increase were presented at 4 d for fruits with photoperiod and at 7 d

for fruits in darkness and in continuous light.

0,6 1
0,51
0,4
0,31
0,2 1

Total titratable acidity (%)

0,14

Days

‘—o— Darkness -0~ Light --- Photopericd ‘

Figure 5. Percentage of total titratable acidity in pitahaya fruits during 16 days of storage
at 13°C and different lighting conditions (continuous darkness e, continuous light o, 12 h
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light and 12 h darkness per day A). Sampling at days 1, 2, 3, 4 and then every 3 days.
Vertical bars indicate standard deviation.
Total soluble solids (TSS)

The TSS content in fruit during field measurements (average 13.4° Brix) did not show
significant differences depending on the time of day and, consequently, the maturity ratio
(average TSS/ATT 47.1) also remained constant. It should be noted that the main changes in TSS
content occur as the fruit forms and ripens (Pareek, 2016), while in our study we only included 3
d of measurements.

Ferndndez et al. (2015) illuminated red pitahaya (H. undatus) plants in the field for 6 h at
night (between 21:00 and 3:00 h) and also found no change in the TSS content; however, the
productivity (kg fruits harvested/month) of the plants increased by 300%, a result in agreement
with Jiang et al. (2016), who classified the red pitahaya ‘Shih Hou Cyuan’ (H. undatus *x H.
polyrhizus) as a long-day plant due to the increase in the induction of flower buds when night-
time interruption by lighting was applied (between 9:00 and 3:00 am).

During storage, the TSS also showed no significant differences between the light treatments
and the values ranged from 14.96 to 18.56. The fruits of Hylocereus sp. in situ presented similar
values of 14.29 (Caiiar et al., 2014) and 17-18° Brix (Le Bellec et al., 2006; Mejia et al., 2013).
On the other hand, Caetano ef al. (2011) reported that TSS in H. megalanthus range between 11.9
and 17.8° Brix. Also, Nerd et al. (1999) showed that TSS do not vary significantly during storage
because the greatest accumulation of sugars in the fruit occurs in the final phase of development
in the plant, where this behaviour in exchange is related to the decrease in the starch and
mucilage content of the pulp. Likewise, as in intact fruits, the variation in the maturity ratio

(TSS/TTA) in postharvest was not significant for any of the treatments evaluated.

Weight loss

During the 1* d of storage, the accumulated weight loss did not present significant differences
(P>0.05). However, after 7 d significant differences were observed (P<0.05) in fruits subjected to
light and dark cycles, obtaining the greatest final weight loss (17.34% at 16 d) (Fig. 6). This
result coincides with the greater loss of fresh mass in Brassica oleracea when its stomata were
open during the application of light in storage, losing more water due to elevated transpiration

through open stomata (Noichinda ef al., 2007).
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Centurion et al. (1999) found weight losses of 14% in red pitahaya fruits, stored (in darkness)
at 20°C for 11 d, while Wills and Golding (2016) determined that a weight loss greater than 5%
is sufficient to affect the quality of stored fruits. The decrease in fresh mass of the harvested
organs is due to the processes of transpiration and respiration (Holcroft, 2015). Studying the
water loss of banana fruit, Khanal et al. (2022) found that 44% of transpiration was stomatal and
56% cuticular. In yellow pitahaya, Duefias et al. (2009) attribute the weight loss to respiration,
which confirms the greater weight reduction in the light/dark treatment (Fig. 6), in which greater
respiration and stomatal opening were found at 16 DAH (Fig. 3 and 7), which accelerated the loss

of water and product quality.

Weight loss (%)

Days

—e— [Dalkness -0 Light -=- Fhotoperiod

Figure 6. Percentage of accumulated weight loss of pitahaya fruits during 16 days of storage
at 13°C and different lighting conditions (continuous darkness e, continuous light o, 12 h of
light and 12 h of darkness per day A). Sampling was done on days 1, 2, 3, 4 and then every 3
days. Vertical bars indicate standard deviation.

Respiration

The respiratory intensity of the fruit during storage did not show significant differences with
respect to the time of day, but it did between the treatments, as in the alternation of light and
darkness, the highest respiratory rate was obtained at 16 days (P<0.05) with 22.45 mg CO, kg™ hr
' (Fig. 7). These results indicate that alternating light and dark conditions stimulate respiratory
metabolism, which generally decreases the postharvest life of fruits (Pareek, 2016).

The release of CO, from the fruits in photoperiod was higher during the last stages of the
experiment (from 7 DAH) (9.96 to 22.45 mg CO, kg' h'") while in light and darkness, it ranged
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from 12.45 to 15.83 and 12.95 to 16.11 mg CO, kg h™, respectively (Fig. 7). These results are
similar to those reported by Gallo (1996) of 20-80 mg CO? kg h™! in yellow pitahaya and lower
than the concentrations measured by Osuna et al. (2011) in early ripening red pitahaya fruits
stored at 20°C (41 to 43 mg CO? kg' h'). Rodriguez et al. (2005) indicate that lower
temperatures reduce the metabolic processes of pitahaya. Saltveit (2019) and Herrera (2012) state
that non-climacteric fruits, such as the yellow pitahaya in this case, show a slight reduction in
respiration after harvest, as observed in fruits stored in darkness, but, on the contrary, this is not
the case in pitahayas stored in alternating light and darkness, where respiration rates increased
(Fig. 7). However, the hypothesis that artificial light during storage would cause the stomata to
close in these fruits of a CAM plant, which would be an option to extend the post-harvest life of

pitahayas, has not been fulfilled.
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Figure 7. Respiration rate of pitahaya fruits during 16 days of storage at 13°C and different
lighting conditions (continuous darkness e, continuous light o, 12 h of light and 12 h of
darkness per day A). Sampling was carried out on days 1, 2, 3, 4 and then every 3 days.
Vertical bars indicate standard deviation.

Firmness

There was no significant effect of the treatments on the firmness of the fruits, which ranged
between 31.4 and 68.6 N. van To et al. (2002) observed that the firmness of mature H. undatus
fruits was considerably reduced at 20°C during 14 d of storage, contrary to what was found in our
experiment, where the storage conditions of 13°C and 80% RH did not enable a considerable

reduction in firmness, also considering that the yellow pitahayas were barely at physiological
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maturity. In yellow pitahaya, Duenas et al. (2012) associated the activity of the xylanase enzyme
with the softening of the rind and suggested an important participation of xylanase in this
process. They measured the enzymatic activity of polygalacturonase, cellulase and xylanase and
found greater activity of the latter, in parallel with the softening of the fruits. However, in a
previous study Rodriguez et al. (2006) had determined the possibles participation of
polygalacturonase in the softening of pitahaya, while in red pitaya Centurion et al. (1999)
attributed this process to the activity of pectin methylesterase. In many fruits, softening is an
important factor during their ripening process (Anwar et al., 2019).

During ripening, progressive depolymerization, loss of cell structure and solubilization of cell
wall components contribute to fruit softening and consequent textural alterations, while, in
general, non-enzymatic and enzymatic factors may contribute to softening (Pareek, 2016). Nerd
et al. (1999) reported that storage of H. undatus and H. polyrhizus fruits at 14°C enabled their
marketing qualities to be preserved for up to two weeks, while Rodriguez et al. (2005) observed
that H. megalanthus fruits stored at 8°C had a longer post-harvest life than those stored at 19°C.
Botton et al. (2019) describe that the lower temperatures decrease the rate of ethylene

biosynthesis, a hormone classified as inducing loss of firmness.

CONCLUSION

In cultivation, the cladodes of pitahaya present a stomatal behaviour typical of CAM plants,
while intact fruits do not adjust to said stomatal metabolism. On the other hand, the alternation of
light and darkness in postharvest causes significant increases in stomatal opening, respiration and
weight loss of the fruit; indicating that the photoperiod may not be the best condition for the
storage of these fruits. Thus, according to the results of the present study, storage in conditions of
permanent darkness may have advantages depending on the commercial destination. This is
because, although in conditions of continuous light similar results were obtained to conditions of
darkness, the first of these conditions would generate a higher energy cost. Therefore, conditions
of darkness or permanent light potentially extend the shelf life of yellow pitahaya fruits. The
present work constitutes a basis for establishing storage protocols for the plant species under

study, in order to maintain the quality of the fruits.

17


https://doi.org/10.17584/rcch.2024v18i3.18175

Espitia-Basallo, E., D. Fontecha-Camacho, G. Fischer, and A. Herrera-Arévalo. 2024.
ACCGpted Stomatal aperture and physicochemical qualities in yellow pitahaya (Hylocereus megalanthus

. Bauer) fruits in response to day/night rhythm in pre and postharvest. Revista Colombiana de

manus Crlpt Ciencias Horticolas 18(3), ¢18175. Doi: https://doi.org/10.17584/rcch.2024v18i3.18175

Author contributions: Conceptualization, E.E.-B., D.F.-C., G.F., and A.H.-A.; methodology,
E.E.-B., D.F.-C., and A.H.-A.; formal analysis, E.E.-B., D.F.-C., and G.F.; investigation, E.E.-B.,
D.F.-C., G.F., and A.H.-A.; writing—original draft preparation, E.E.-B., D.F.-C., and G.F,;
writing—review and editing, E.E.-B., D.F.-C., G.F., and A.H.-A.; visualization, E.E.-B. and
D.F.-C.; supervision, E.E.-B., D.F.-C., G.F., and A.H.-A.; project administration, E.E.-B. and
D.F.-C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflict of interests: The manuscript was prepared and reviewed with the participation of the
authors, who declare that there exists no conflict of interest that puts at risk the validity of the

presented results.

BIBLIOGRAPHIC REFERENCES

Alvarez-Herrera, J.G., Y.A. Deaquiz, and A.O. Herrera. 2016. Effect of different 1-
methylcyclopropene doses on the postharvest period of pitahaya fruits (Selenicereus megalanthus
Haw.). Rev. Fac. Nal. Agron. Medellin 69(2), 7975-7983. 2016. Doi:
https://doi.org/10.15446/rfna.v69n2.59142

Anwar, R., A.K. Mattoo, and A.K. Handa. 2019. Ripening and senescence of fleshy fruits. pp.
15-51. In: Paliyath, G., J. Subramanian, L.-T. Lim, K.S. Subramanian, A.K. Handa, and A K.
Mattoo (eds.). Postharvest biology and nanotechnology. John Wiley & Sons, Hoboken, NJ. Doi:
https://doi.org/10.1002/9781119289470

Botton, A., P. Tonutti, and B. Ruperti. 2019. Biology and biochemistry of ethylene. pp. 93-
112. In: Yahia, E.M. (ed.). Postharvest physiology and biochemistry of fruits and vegetables.
Woodhead Publishing, Cambridge, UK. Doi: https://doi.org/10.1016/B978-0-12-813278-
4.00005-1

Braam, J. 2013. Las frutas y verduras, mejor almacenarlas bajo ciclos de luz-oscuridad. In:

Instituto Tomas Pascual Sanz, https://www.institutotomaspascualsanz.com/las-frutas-y-verduras-
mejor-almacenarlas-bajo-ciclos-de-luz-oscuridad; consulted: June, 2024.

18


https://doi.org/10.17584/rcch.2024v18i3.18175
https://www.institutotomaspascualsanz.com/las-frutas-y-verduras-mejor-almacenarlas-bajo-ciclos-de-luz-oscuridad
https://www.institutotomaspascualsanz.com/las-frutas-y-verduras-mejor-almacenarlas-bajo-ciclos-de-luz-oscuridad
https://doi.org/10.1016/B978-0-12-813278-4.00005-1
https://doi.org/10.1016/B978-0-12-813278-4.00005-1
https://doi.org/10.1002/9781119289470
https://doi.org/10.15446/rfna.v69n2.59142

Espitia-Basallo, E., D. Fontecha-Camacho, G. Fischer, and A. Herrera-Arévalo. 2024.
ACCGpted Stomatal aperture and physicochemical qualities in yellow pitahaya (Hylocereus megalanthus

. Bauer) fruits in response to day/night rhythm in pre and postharvest. Revista Colombiana de

manus Crlpt Ciencias Horticolas 18(3), ¢18175. Doi: https://doi.org/10.17584/rcch.2024v18i3.18175

Brewer, C.A. 1992. Responses by stomata on leaves to microenvironmental conditions. pp.
67-75. In: Goldman, C.A. (ed.). Tested studies for laboratory teaching. Vol. 13: Proc. 13™
Workshop/Conference of the Association for Biology Laboratory Education, New Haven, CT.

Caetano, M., F. Otalvaro, J.E. Muiloz, J.G. Morales, R.S. Suarez, C.L. Sandoval, M.A.
Martinez, D.Y. Cafiar, R.D. Pefia, E. Parra, E. Mufioz, R.D. Rojas, J.R. Jiménez, A.E. Benavides,
and L.F. Pérez. 2011. Enfoque multidisciplinario para solucion en el agro colombiano: el caso de

pitahaya amarilla Selenicereus megalanthus. Rev. Asoc. Colomb. Cienc. Biol. 23, 52-64.

Cadar, D.Y., C.M. Caetano, and M.M. Bonilla-Morales. 2014. Caracterizacion fisicoquimica
y proximal del fruto de pitahaya amarilla [Selenicereus megalanthus (K. Schum. ex Vaupel)

Moran] cultivada en Colombia. Agron. 22(1), 77-87.

Casal, J.J. 2008. Fotomorfogénesis: la luz como factor regulador del crecimiento. pp. 467-482.
In: Azcon-Bieto, J. and M. Taldn (eds.). Fundamentos de la fisiologia vegetal. McGraw-Hill

Interamericana, Madrid.

Castillejo, N., L. Martinez-Zamora, and F. Artés-Hernandez. 2023. A photoperiod including
visible spectrum LEDs increased sulforaphane in fresh-cut broccoli. Postharvest Biol. Technol.

200, 112337. Doi: https://doi.org/10.1016/j.postharvbio.2023.112337

Centurion, Y.A., S. Solis, E. Mercado, R. Baez, C. Saucedo, and E. Sauri. 1999. Variacion de
las principales caracteristicas de la pitahaya (Hylocereus undatus) durante su maduracion

postcosecha. Hort. Mex. 7(3), 419-425.

Chaudhary, A., M. Pappuswamy, A. Chakma, C.S. Ramyashree, P. Kruthika, K.S. Jan, M.K.
Deshpande, C.C. Morris, and J.K. Sebastian. 2023. Tuning the output of the higher plants
Circadian Clock. Plant Sci. Today 10(Sp. 2), 118-125. Doi: https://doi.org/10.14719/pst.2521

19


https://doi.org/10.17584/rcch.2024v18i3.18175
https://doi.org/10.14719/pst.2521
https://doi.org/10.1016/j.postharvbio.2023.112337

Espitia-Basallo, E., D. Fontecha-Camacho, G. Fischer, and A. Herrera-Arévalo. 2024.
ACCGpted Stomatal aperture and physicochemical qualities in yellow pitahaya (Hylocereus megalanthus

. Bauer) fruits in response to day/night rhythm in pre and postharvest. Revista Colombiana de

manus Crlpt Ciencias Horticolas 18(3), ¢18175. Doi: https://doi.org/10.17584/rcch.2024v18i3.18175

Chuck-Hernandez, C., R. Para-Saldivar, and L. Sandate-Flores. 2016. Pitaya (Stenocereus
spp.). pp- 385-391. In: Caballero, B., P.M. Finglas, and F. Toldra (eds.). Encyclopedia of food
Health. Academic Press. Doi: https://doi.org/10.1016/B978-0-12-384947-2.00775-3

Corredor, D. 2012. Pitahaya amarilla [Hylocereus megalanthus (K. Schum. ex Vaupel) Ralf
Bauer]. pp. 802-824. In: Fischer, G. (ed.). Manual para el cultivo de frutales en el tropico.

Produmedios, Bogota.

Davis, S.C., J. Simpson, K.C. Gil-Vega, N.A. Niechayev, E. van Tongerlo, N. Hurtado
Castano, L.V. Dever, and A. Burquez. 2019. Undervalued potential of crassulacean acid
metabolism for current and future agricultural production. J. Exp. Bot. 70(22), 6521-6537. Doi:
https://doi.org/10.1093/jxb/erz223

de Leone, M.J., C.E. Hernando, S. Mora-Garcia, and M.J. Yanovsky. 2020. It's a matter of
time: the role of transcriptional regulation in the circadian clock-pathogen crosstalk in plants.

Transcription 11(3-4), 100-116. Doi: https://doi.org/10.1080/21541264.2020.1820300

Deori, M., S. Kumar, D. Kumar, and R.P. Singh. 2024. Dragon fruit. pp. 152-158. In:
Rathour, T.P., R.P. Singh, P. Datta, and P.K. Nimbolkar (eds.). Minor fruit crops. An inclusive
study. Walnut Publication, Rasulgarh, India.

Dueiias, Y.M., C.E. Narvaez-Cuenca, and L.P. Restrepo. 2009. El choque térmico mejora la

aptitud al almacenamiento refrigerado de pitaya amarilla. Agron. Colomb. 27(1), 105-110.
Dueiias, Y.M., C.-E. Narvaez-Cuenca, and L.P. Restrepo. 2012. Ablandamiento de frutos de
pitaya amarilla (Acanthocereus pitajaya) a temperatura ambiente y en refrigeracion: actividad de

poligalacturonasa, celulasa y xilanasa. Acta Biol. Colomb. 17(2), 259-270.

Esquivel, P. and Y. Ayara. 2012. Caracteristicas del fruto de la pitahaya (Hylocereus sp.) y su

potencial de uso en la industria alimentaria. Rev. Venez. Cienc. Tecnol. Aliment. 3(1), 113-129.

20


https://doi.org/10.17584/rcch.2024v18i3.18175
https://doi.org/10.1080/21541264.2020.1820300
https://doi.org/10.1093/jxb/erz223
https://doi.org/10.1016/B978-0-12-384947-2.00775-3

Espitia-Basallo, E., D. Fontecha-Camacho, G. Fischer, and A. Herrera-Arévalo. 2024.
ACCGpted Stomatal aperture and physicochemical qualities in yellow pitahaya (Hylocereus megalanthus

. Bauer) fruits in response to day/night rhythm in pre and postharvest. Revista Colombiana de

manus Crlpt Ciencias Horticolas 18(3), ¢18175. Doi: https://doi.org/10.17584/rcch.2024v18i3.18175

Fernandez, L.R., J. Chediak, and R. Sanchez. 2015. Aumento de la productividad de la
pitahaya roja (Hylocereus undatus) mediante la iluminacion artificial con energia renovable. Rev.

Univ. Guayaquil 121(3), 73-78. Doi: https://doi.org/10.53591/rug.v121i3.393

Fischer, G., H.E. Balaguera-Lopez, A. Parra-Coronado, and S. Magnitskiy. 2023. Adaptation
of fruit trees to different elevations in the tropical Andes. pp. 193-208. In: Tripathi, S., R.
Bhadouria, P. Srivastava, R. Singh, and R.S. Devi (eds.). Ecophysiology of tropical plants -
Recent trends and future perspectives. CRC Press, Boca Raton, FL. Doi:
https://doi.org/10.1201/9781003335054-22

Fischer, G., J.O. Orduz-Rodriguez, and C.V.T. Amarante. 2022. Sunburn disorder in tropical
and subtropical fruits. A review. Rev. Colomb. Cienc. Hortic. 16(3), e15703. Doi:
https://doi.org/10.17584/rcch.2022v16i3.15703

Florez-Velasco, N., G. Fischer, and H.E. Balaguera-Lopez. 2024. Photosynthesis in fruit crops
of the high tropical Andes: a systematic review. Agron. Colomb. 42(2), e113887. Doi:
https://doi.org/10.15446/agron.colomb.v42n2.113887

Gallo, F. 1996. Manual de fisiologia, patologia poscosecha y control de calidad de frutas y

hortalizas. Convenio SENA-Reino Unido, Armenia, Colombia.

Gil, K.-E. and C.-M. Park. 2019. Thermal adaptation and plasticity of the plant circadian
clock. New Phytol. 221(3), 1215-1229. Doi: https://doi.org/10.1111/nph.15518

Goodspeed, D., J.D. Liu, E.W. Chehab, Z. Sheng, M. Francisco, D.J. Kliebensetin, and J.
Braam. 2013. Postharvest circadian entrainment enhances crop pest resistance and phytochemical

cycling. Curr. Biol. 23(13), 1235-1241. Doi: http://doi.org/10.1016/j.cub.2013.05.034

Guaqueta, N.O., T.L. Davenport, S.P. Burg, G. Fischer, and N. Martinez. 2007.

Comportamiento estomatal en frutas y hojas de banano, carambola, guayaba y citricos en

21


https://doi.org/10.17584/rcch.2024v18i3.18175
http://doi.org/10.1016/j.cub.2013.05.034
https://doi.org/10.1111/nph.15518
https://doi.org/10.15446/agron.colomb.v42n2.113887
https://doi.org/10.17584/rcch.2022v16i3.15703
https://doi.org/10.1201/9781003335054-22
https://doi.org/10.53591/rug.v121i3.393

Espitia-Basallo, E., D. Fontecha-Camacho, G. Fischer, and A. Herrera-Arévalo. 2024.
ACCGpted Stomatal aperture and physicochemical qualities in yellow pitahaya (Hylocereus megalanthus

. Bauer) fruits in response to day/night rhythm in pre and postharvest. Revista Colombiana de

manus Crlpt Ciencias Horticolas 18(3), ¢18175. Doi: https://doi.org/10.17584/rcch.2024v18i3.18175

condiciones naturales y bajo almacenamiento hipobarico. p. 112. In: Mem. 2° Cong. Colomb.

Hortic. Sociedad Colombiana de Ciencias Horticolas, Bogota.

Hassidim, M., Y. Dakhiya, A. Turjeman, D. Hussien, E. Shor, A. Anidjar, K. Goldberg, and
R.M. Green. 2017. Circadian Clock Associated] (CCA1) and the circadian control of stomatal
aperture. Plant Physiol. 175(4), 1864-1877. Doi: https://doi.org/10.1104/pp.17.01214

Herrera, A.O. 2010. Poscosecha de perecederos: practicas de laboratorio. Universidad

Nacional de Colombia, Bogota.

Herrera, A.O. 2012. Manejo poscosecha de las frutas. pp. 266-292. In: Fischer, G. (ed.).

Manual para el cultivo de frutales en el trépico. Produmedios, Bogota.

Holcroft, D. 2015. Water relations in harvested fresh produce. PEF White Paper 15-01. The

Postharvest Education Foundation, La Pine, Spain.

Hotta, C.T., M.J. Gardner, K.E. Hubbard, S.J. Baek, N. Dalchau, D. Suhita, A.N. Dodd, and
A.A.R. Webb. 2007. Modulation of environmental responses of plants by circadian clocks. Plant
Cell Environ. 30(3), 333-349. Doi: https://doi.org/10.1111/1.1365-3040.2006.01627.x

Jiang, Y.-L., Y.-Y. Liao, M.-T. Lin, and W.-J. Yang. 2016. Bud development in response to
night-breaking treatment in the noninductive period in red pitaya (Hylocereus sp.). HortScience

51(6), 690-696. Doi: https://doi.org/10.21273/HORTSCI.51.6.690

Johnson, B.E. and W.A. Brun. 1966. Stomatal density and responsiveness of banana fruit

stomates. Plant Physiol. 41(1), 99-101. Doi: https://doi.org/10.1104/pp.41.1.99

Khanal, B.P., B. Sangroula, A. Bhattarai, G. Klamer Almeida, and M. Knoche. 2022.
Pathways of postharvest water loss from banana fruit. Postharvest Biol. Technol. 191, 111979.

Doi: https://doi.org/10.1016/j.postharvbio.2022.111979

22


https://doi.org/10.17584/rcch.2024v18i3.18175
https://doi.org/10.1016/j.postharvbio.2022.111979
https://doi.org/10.1104/pp.41.1.99
https://doi.org/10.21273/HORTSCI.51.6.690
https://doi.org/10.1111/j.1365-3040.2006.01627.x
https://doi.org/10.1104/pp.17.01214

Espitia-Basallo, E., D. Fontecha-Camacho, G. Fischer, and A. Herrera-Arévalo. 2024.
ACCGpted Stomatal aperture and physicochemical qualities in yellow pitahaya (Hylocereus megalanthus

. Bauer) fruits in response to day/night rhythm in pre and postharvest. Revista Colombiana de

manus Crlpt Ciencias Horticolas 18(3), ¢18175. Doi: https://doi.org/10.17584/rcch.2024v18i3.18175

Lambers, H. and R.S. Oliveira. 2019. Plant physiological ecology. 3™ ed. Springer Nature
Switzerland AG, Cham, Switzerland. Doi: https://doi.org/10.1007/978-3-030-29639-1

Laurin, E., M.C.N. Nunes, J.-P. Emond, and J.K. Brecht. 2006. Residual effect of low
pressure stress during simulated air transport on Beit Alpha-type cucumbers: stomata behavior.
Postharvest Biol. Technol. 41(2), 121-127. Doi:
https://doi.org/10.1016/j.postharvbio.2005.09.012

Le Bellec, F. and F. Vaillant. 2011. Pitahaya (pitaya) (Hylocereus spp.). pp. 247-271. In:
Yahia, E.M. (ed.). Postharvest biology and technology of tropical and subtropical fruits. Vol. 4.
Mangosteen to  white  sapote. Woodhead Publishing, Cambridge, UK. Doi:
https://doi.org/10.1533/9780857092618.247

Le Bellec, F., F. Vaillant, and E. Imbert. 2006. Pitahaya (Hylocereus spp.): a new fruit crop, a
market with a future. Fruits 61, 237-250. Doi: https://doi.org/10.1051/fruits:2006021

Li, H., Z. Gu, D. He, X. Wang, J. Huang, Y. Mo, P. Li, Z. Huang, and F. Wu. 2024. A
lightweight improved YOLOvVSs model and its deployment for detecting pitaya fruits in daytime
and nighttime light-supplement environments. Comput. Electron. Agric. 220, 108914. Doi:
https://doi.org/10.1016/j.compag.2024.108914

Lima, C.A., F.G. Faleiro, N.T.V. Juanqueira, K.O. Cohen, and T.G. Guimaraes 2013.
Caracteristicas fisico-quimicas, polifendis e flavonoides amarelos em frutos de espécies de pitaias
comerciais e nativas do cerrado. Rev. Bras. Frutic. 35(2), 565-570. Doi:

https://doi.org/10.1590/S0100-29452013000200027

Martinez-Gonzélez, M.E., R. Balois-Morales, 1. Alia-Tejacal, M.A. Cortes-Cruz, Y.A.
Palomino-Hermosillo, and G.G. Lopez-Guzman. 2017. Postharvest fruits: maturation and
biochemical changes. Rev. Mex. Cienc. Agric. (Pub. Esp. 19), 4075-4087. Doi:
https://doi.org/10.29312/remexca.v0il19.674

23


https://doi.org/10.17584/rcch.2024v18i3.18175
https://doi.org/10.29312/remexca.v0i19.674
https://doi.org/10.1590/S0100-29452013000200027
https://doi.org/10.1016/j.compag.2024.108914
https://doi.org/10.1051/fruits:2006021
https://doi.org/10.1533/9780857092618.247
https://doi.org/10.1016/j.postharvbio.2005.09.012
https://doi.org/10.1007/978-3-030-29639-1

Espitia-Basallo, E., D. Fontecha-Camacho, G. Fischer, and A. Herrera-Arévalo. 2024.
ACCGpted Stomatal aperture and physicochemical qualities in yellow pitahaya (Hylocereus megalanthus

. Bauer) fruits in response to day/night rhythm in pre and postharvest. Revista Colombiana de

manus Crlpt Ciencias Horticolas 18(3), ¢18175. Doi: https://doi.org/10.17584/rcch.2024v18i3.18175

Mejia, H.A., S.B. Muriel, C.A. Montaya, and C. Reyes. 2013. In situ morphological
characterization of Hylocereus spp. (Fam: Cactaceae) genotypes from Antioquia and Cérdoba

(Colombia). Rev. Fac. Nac. Agron. Medellin 66(1), 6845-6854.

Mercado-Silva, E.M. 2018. Pitaya—Hylocereus undatus (Haw). pp. 339-350 In: Rodrigues,
S., E.O. Silva, and E.S. Brito (eds.). Exotic fruits, reference guide. Elsevier Academic Press, UK.

Mori, C.V., AR. Patel, V.K. Parmar, and G.S. Patel. 2023. Dragon fruit (Kamalam): an

excellent exotic fruit crop of India. Pharma Innov. 12(1), 115-123. Doi:

https://doi.org/10.22271/tpi.2023.v12.11b.18189

Morillo-Coronado, A.C., Y.P. Tovar-Leon, and Y. Morillo-Coronado. 2017. Caracterizacion
molecular de la pitahaya amarilla (Selenicereus megalanthus Haw.) en la provincia de Lengupa,
Boyac4d-Colombia.  Biotecnol.  Sector  Agropecu. Agroind. 15(1), 11-18. Doi:
http://doi.org/10.18684/BSAA(15)11-18

Nerd, A., F. Gutman, and Y. Mizrahi. 1999. Ripening and postharvest behaviour of fruits of
two Hylocereus species (Cactaceae). Postharvest Biol. Technol. 17(1), 39-45. Doi:
https://doi.org/10.1016/S0925-5214(99)00035-6

Noichinda, S., K. Bodhipadma, C. Mahamontri, T. Narongruk, and S. Ketsa. 2007. Light
during storage prevents loss of ascorbic acid, and increases glucose and fructose levels in Chinese
kale (Brassica oleracea var. alboglabra). Postharvest Biol. Technol. 44(3), 312-315. Doi:
https://doi.org/10.1016/j.postharvbio.2006.12.006

Nunes, E.N., A.S.B. Sousa, C.M. Lucena, S.M. Silva, R.F.P. Lucena, C.A.B. Alves, and R.E.
Alves. 2014. Pitaia (Hylocereus sp.): uma revisao para o Brasil. Gaia Sci. 8(1), 90-98.

Osuna, T., M.E. Ibarra, M.D. Muy, J.B. Valdez, M. Villarreal, and S. Hernandez. 2011.
Calidad postcosecha de frutos de pitahaya (Hylocereus undatus Haw.) cosechados en tres estados

de madurez. Rev. Fitotec. Mex. 34(1), 63-72. Doi: https://doi.org/10.35196/rfm.2011.1.63

24


https://doi.org/10.17584/rcch.2024v18i3.18175
https://doi.org/10.35196/rfm.2011.1.63
https://doi.org/10.1016/j.postharvbio.2006.12.006
https://doi.org/10.1016/S0925-5214(99)00035-6
http://doi.org/10.18684/BSAA(15)11-18
https://doi.org/10.22271/tpi.2023.v12.i1b.18189

Espitia-Basallo, E., D. Fontecha-Camacho, G. Fischer, and A. Herrera-Arévalo. 2024.
ACCGpted Stomatal aperture and physicochemical qualities in yellow pitahaya (Hylocereus megalanthus

. Bauer) fruits in response to day/night rhythm in pre and postharvest. Revista Colombiana de

manus Crlpt Ciencias Horticolas 18(3), ¢18175. Doi: https://doi.org/10.17584/rcch.2024v18i3.18175

Pareek, S. 2016. Ripening physiology: an overview. pp. 1-48. In: Pareek, S. (ed.). Postharvest
ripening physiology of crops. CRC Press, Boca Raton, FL. Doi: https://doi.org/10.1201/b19043

Paull, R.E. and O. Duarte. 2012. Tropical fruits. 2™ ed. Vol. Il. CABI Publishing,
Wallingford, UK. Doi: https://doi.org/10.1079/9781845937898.0000

Perween, T., K.K. Mandal, and M.A. Hasan. 2018. Dragon fruit: an exotic super future fruit of
India. J. Pharmacogn. Phytochem. 7(2), 1022-1026.

Pott, D.M., J.G. Vallarino, and S. Osorio. 2020. Metabolite changes during postharvest

storage:  effects on  fruit quality traits.  Metabolites 10(5), 187.  Doi:
https://doi.org/10.3390/metabo10050187

Rengel, Z., 1. Cakmak, and P.L. White. 2023. Marschner’s mineral nutrition of plants. 4™ ed.

Academic Press, London.

Rodriguez, J.P., C.E. Narvéez, and L.P. Restrepo. 2006. Estudio de la actividad enzimatica de

poligalacturonasa en la corteza de pitaya amarilla (Acanthocereus pitajaya). Acta Biol. Colomb.

11, 65-74.

Rodriguez, D.A., M.P. Patifio, D. Miranda, G. Fischer, and J.A. Galvis. 2005. Efecto de dos
indices de madurez y temperaturas de almacenamiento sobre el comportamiento en poscosecha

de pitahaya amarilla (Selenicereus megalanthus Haw.). Rev. Fac. Nal. Agr. Medellin 58(2),
2837-2857.

Saltveit, M.E. 2019. Respiratory metabolism. pp. 73-91. In: Yahia, E.M. (ed.). Postharvest
physiology and biochemistry of fruits and vegetables. Woodhead Publishing, Cambridge, UK.
Doi: https://doi.org/10.1016/B978-0-12-813278-4.00004-X

25


https://doi.org/10.17584/rcch.2024v18i3.18175
https://doi.org/10.1016/B978-0-12-813278-4.00004-X
https://doi.org/10.3390/metabo10050187
https://doi.org/10.1079/9781845937898.0000
https://doi.org/10.1201/b19043

Espitia-Basallo, E., D. Fontecha-Camacho, G. Fischer, and A. Herrera-Arévalo. 2024.
ACCGpted Stomatal aperture and physicochemical qualities in yellow pitahaya (Hylocereus megalanthus

. Bauer) fruits in response to day/night rhythm in pre and postharvest. Revista Colombiana de

manus Crlpt Ciencias Horticolas 18(3), ¢18175. Doi: https://doi.org/10.17584/rcch.2024v18i3.18175

Sanchez, C., G. Fischer, and D.W. Sanjuanelo. 2013. Comportamiento estomatico en frutos y
hojas de gulupa (Passiflora edulis Sims) y en frutos y cladodios de pitahaya amarilla [ Hylocereus

megalanthus (K.Schum. ex Vaupel) Ralf Bauer]. Agron. Colomb. 31(1), 38-47.

Sanchez, S.E. and S.A. Kay. 2016. The plant Circadian Clock: from a simple timekeeper to a
complex developmental manager. Cold Spring Harb. Perspect. Biol. 8(12), a027748. Doi:
https://doi.org/10.1101/cshperspect.a027748

Siddig, M. and M. Nasir. 2012. Dragon fruit and durian. pp. 587-596. In: Siddig, M. (ed.).
Tropical and subtropical fruits. In: Siddiq, M. (ed.). Postharvest physiology, processing and
packaging. Wiley-Blackwell, Ames, IA. Doi: https://doi.org/10.1002/9781118324097.ch30

Sotomayor, A., S. Pitizaca, M. Sanchez, A. Burbano, A. Diaz, J. Nicolalde, W. Viera, C.
Caicedo, and Y. Vargas. 2019. Evaluacion fisico quimica de fruta de pitahaya (Selenicereus
megalanthus) en diferentes estados de desarrollo. Enfoque UTE 10(1), 89-96. Doi:
https://doi.org/10.29019/enfoqueute.v10n1.386

Taiz, L., E. Zeiger, .M. Mpgller, and A. Murphy. 2017. Fisiologia e desenvolvimento vegetal.
6™ ed. Artmed Editora, Porto Alegre, Brazil.

Umeohia, U.E. and A.A. Olapade. 2024. Physiological processes affecting postharvest quality
of fresh fruits and vegetables. Asian Food Sci. J. 23(4), 115915. Doi:
https://doi.org/10.9734/afsj/2024/v23i4706

Vallarino, J.G. and S. Osorio. 2019. Organic acids. pp. 207-224. In: Yahia, EM. (ed.).
Postharvest physiology and biochemistry of fruits and vegetables. Elsevier, Cambridge, MA.
Doi: https://doi.org/10.1016/B978-0-12-813278-4.00010-5

van Meeteren, U. and S. Aliniaeifard. 2016. Stomata and postharvest physiology. pp. 157-216.
In: Pareek, S. (ed.). Postharvest ripening physiology of crops. CRC Press, Boca Raton, FL.

26


https://doi.org/10.17584/rcch.2024v18i3.18175
https://doi.org/10.1016/B978-0-12-813278-4.00010-5
https://doi.org/10.9734/afsj/2024/v23i4706
https://doi.org/10.29019/enfoqueute.v10n1.386
https://doi.org/10.1002/9781118324097.ch30
https://doi.org/10.1101/cshperspect.a027748

Espitia-Basallo, E., D. Fontecha-Camacho, G. Fischer, and A. Herrera-Arévalo. 2024.
ACCGpted Stomatal aperture and physicochemical qualities in yellow pitahaya (Hylocereus megalanthus

. Bauer) fruits in response to day/night rhythm in pre and postharvest. Revista Colombiana de

manus Crlpt Ciencias Horticolas 18(3), ¢18175. Doi: https://doi.org/10.17584/rcch.2024v18i3.18175

Van To, L., N. Ngu, N.D. Duc, and H.T.T. Huong. 2002. Dragon fruit quality and storage life:
effect of harvesting time, use of plant growth regulators and modified atmosphere packaging.

Acta Hortic. 575, 611-621. Doi: https://doi.org/10.17660/ActaHortic.2002.575.72

Verona-Ruiz, A., J. Urcia-Cerna, and L.M. Paucar-Menacho. 2020. Pitahaya (Hylocereus
spp.): cultivo, caracteristicas fisicoquimicas, composicion nutricional y compuestos bioactivos.

Sci. Agropecu. 11(3), 439-453. Doi: https://doi.org/10.17268/sci.agropecu.2020.03.16

Wills, R.B.H. and J.B. Golding. 2016. Postharvest: an introduction to the physiology and
handling of fruit and vegetables. 6" ed. CABI; New South Publishing, Sidney. Doi:
https://doi.org/10.1079/9781786391483.0000

Winter, K. and J.A.M. Holtum. 2014. Facultative crassulacean acid metabolism (CAM)
plants: powerful tools for unravelling the functional elements of CAM photosynthesis. J. Exp.

Bot. 65(13), 3425-3441. Doi: https://doi.org/10.1093/jxb/eru063

Yahia, EMM., A. Carrillo-Lopez, G. Malda, H. Suzan-Azpiri, and M. Queijeiro. 2019.
Photosynthesis. pp. 47-72. In: Yahia, E.M. (ed.). Postharvest physiology and biochemistry of
fruits and vegetables. Woodhead Publishing, Cambridge, UK. Doi: https://doi.org/10.1016/B978-
0-12-813278-4.00003-8

27


https://doi.org/10.17584/rcch.2024v18i3.18175
https://doi.org/10.1016/B978-0-12-813278-4.00003-8
https://doi.org/10.1016/B978-0-12-813278-4.00003-8
https://doi.org/10.1093/jxb/eru063
https://doi.org/10.1079/9781786391483.0000
https://doi.org/10.17268/sci.agropecu.2020.03.16
https://doi.org/10.17660/ActaHortic.2002.575.72

