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Abstract

Pitaya is a species valued for its aesthetically pleasing fruit, multifunctional uses, ability to bear fruit
within a year of planting, and strong market potential. These characteristics have contributed to cultivation of
subtropical regions. However, research on the postharvest storage of pitaya is limited, and existing studies show
variability in storage conditions. Additionally, no studies have explored the effects of different training systems
and deficit irrigation applications on pitaya storage. This study evaluated the effects of three training systems
(Pole System, T-System, and Inverted U-System) and four irrigation regimes (FULL irrigation, 75%, 50%, and
25% deficit irrigation) on the cold storage quality of ‘Vietnamese Jaina’ pitaya cultivars’ fruits. The fruits were
stored at 10 °C and 80% relative humidity, and key quality parameters titratable acidity (TA), total soluble
solids (TSS), weight loss, ascorbic acid content, sugar composition (glucose, fructose, sucrose), and antioxidant
activity were measured at 10-day intervals. Results showed a gradual increase in weight loss (from 1.52% to
3.10%) and a decrease in ascorbic acid content (from 39.7 mg kg' to 32.9 mg kg") over storage. Sugar
concentrations (glucose, fructose, sucrose) and antioxidant activity increased up to day 20 before declining.
While irrigation treatments had minimal effects on most parameters, training systems significantly influenced
fruit quality. The Pole System (Control) exhibited the highest TSS and ascorbic acid content, while the T-
System had the highest glucose and sucrose concentrations. The greatest antioxidant activity was found in the
Inverted U-System. The results indicate that ‘Vietnamese Jaina’ pitaya fruit can be stored for up to 20 days at
10°C and 80% relative humidity in all training systems and irrigation regime without significant loss of quality.
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Introduction

Global climate change has recently intensified drought, making it one of the most pressing global
challenges. This situation has led to increased interest in growing more drought-tolerant crops that require less

Received: 14 Nov 2024. Received in revised form: 21 Mar 2025. Accepted: 26 Mar 2025. Published online: 27 Mar 2025.

From Volume 49, Issue 1, 2021, Notulac Botanicae Horti Agrobotanici Cluj-Napoca journal uses article numbers in place of the
traditional method of continuous pagination through the volume. The journal will continue to appear quarterly, as before, with four
annual numbers.


https://www.notulaebotanicae.ro/index.php/nbha/index

Unlu M ez 4l. (2025). Not Bot Horti Agrobo 53(1):14270

water and provide higher economic returns. Pitaya is one of the most important drought species. It is grown in
several regions of the world, including southern Florida and Hawaii in the United States, the Caribbean,
Australia, Taiwan, Vietnam, Malaysia and Israel. In recent years, pitaya production has also expanded in
Turkey, particularly in the Mediterranean and Aegean regions, where subtropical climates prevail, and is mainly
grown in greenhouses. The first commercial marketing of pitaya began in Vietnam in 1995 (Mizrahi, 2015),
and today there is growing interest in pitaya in European markets. This increase in demand is not only due to
its consumption as a fresh fruit but also to the fact that it has a wide range of applications in the food industry.
In addition, the fruit's eye-catching appearance, drought tolerance, and high levels of health-promoting
functional compounds have increased its consumption and commercial production (Stintzing ez al., 2003;
Zhuang et al., 2012; Mello ez al., 2015; Ferreres ez al., 2017). Pitaya is particularly rich in vitamin C (ascorbic
acid), phenolic compounds and antioxidants (Jaafar ez 4/., 2009; Tenore ez al.,2012), and its low fat, high water
and high fibre content make it a good diet fruit. The external appearance, aroma, and taste of pitaya are key
quality attributes that are influenced by environmental conditions, cultivation practices, and postharvest
treatments (Jiang ez a/., 2020). As a non-climacteric fruit, pitaya does not ripen after harvest, so it must reach
optimal maturity before harvest (Mizrahi and Nerd, 1999; Chien et 4l., 2007). In tropical and subtropical
regions, pitaya doesn't produce fruit all year round. In tropical climates, plants can produce fruit 4 to 6 times a
year (Pushpakumara ez 4/.,2005). However, in subtropical areas, while vegetative growth continues throughout
the year, flower bud formation begins in May and harvesting takes place mainly during the summer and autumn
months. Flowering tends to occur at similar times across plantations, leading to peak harvest periods. To
manage this, storing the fruits under cold conditions for a certain period is believed to provide a significant
advantage, balancing supply and demand and stabilizing prices. This is important because leaving the fruit at
room temperature after harvest shortens its shelf life, reduces its market value. Some studies have investigated
cold storage options, which are discussed below, but it is clear that storage conditions vary between studies.
However, no research has examined how different training systems or deficit irrigation practices affect fruit
storage. Furthermore, few studies have investigated the mechanisms behind the prolongation of post-harvest
storage of pitaya fruit, and the process is unclear (Wang ez al., 2024). It is also not thoroughly examined the
mechanisms of growth, development, and ripening of the fruit.

Earlier postharvest research on pitaya primarily focused on fruits harvested at different stages of peel
color development, ranging from the initial appearance of color to full color (Razali ez al., 2016). To et al.
(2002) emphasized that storage temperature is crucial for maintaining the postharvest quality of pitaya fruits.
The importance of selecting the right storage temperature based on species and environmental conditions was
also highlighted. Nerd ez 4/. (1999) recommended storing pitaya fruits at 6 °C, while To ez 4/. (2002) identified
5 °C as the optimal temperature for Hylocereus undatus grown in Vietnam. Zee et al. (2004) suggested that
pitaya fruits can be stored at 8 °C for 25-30 days. Hoa ¢# al. (2006) noted that H. undatus fruits, depending on
their ripeness, can be stored at 5 °C. Freitas and Mitcham (2013), in a study evaluating storage temperatures of
5°C,7°C, and 10 °C, recommended 5 °C to maintain fruit quality best and noted that this temperature is
commonly used for export markets. However, Punitha ez 4/. (2010) found that pitaya fruits should be stored at
temperatures below 14 °C. Razali e al. (2016) observed that when fruits were stored at 1 °C and 4 °C for 20
days, weight loss increased, reaching up to 5.49%. Additionally, an increase in soluble solids content and a
decrease in titratable acidity were noted, leading to a higher SSC/TA ratio. Wakchaure ez 4/. (2023) similarly
reported that pitaya fruits stored at 8 °C with 60-70% humidity for four weeks exhibited an increase in weight
loss and soluble solids content while titratable acidity decreased.

Although there are no studies examining the combined effects of deficit irrigation and training systems
in pitaya, it has been reported that reducing irrigation frequency increases soluble solids content while
decreasing titratable acidity (Mizrahi ez /., 2007). The main postharvest losses in pitaya include mechanical,
and chilling injury, decay, and weight loss (Nerd ez /., 1999; Wall and Khan, 2008; Chandran, 2010). After

harvest, pitaya fruits are reported to begin to soften rapidly, with a sharp decline in malic acid content (Nerd ez
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al., 1999). Punitha et al. (2010) found that storing pitaya at temperatures above 20 °C leads to rapid softening,
along with reductions in sugar and acid content.

As with pitaya cultivation, there is limited research on postharvest storage. As mentioned earlier, no
studies have investigated the effects of different training systems and irrigation practices on postharvest storage.
Moreover, studies on cold storage have shown variations in the recommended storage temperatures depending
on the researchers. Therefore, the aim of this study was to investigate the effects of different training systems
and deficit irrigation regimes on the postharvest storage period and associated changes in fruit quality of pitaya.

Materials and Methods

The experiment was conducted at the Alata Research Institute in Mersin, Ttirkiye, in 2022. Plants were
grown under protected cultivation at Akdeniz University, Antalya, Tiirkiye, between 2020 and 2022. The
‘Vietnamese Jaina’ pitaya cultivar was used as plant material. It is one of the most widely grown cultivars in
Ttrkiye. Plants were cultivated in 20-liter pots containing a mixture of 2/4 soil, 1/4 peat, and 1/4 perlite
(Marques ez al., 2012). Pots were arranged in the greenhouse with a spacing of 2 meters between rows and 1.5
meters within the rows. In addition to the control (Pole system), two different training systems, T and Inverted
U, were included in the study. Four irrigation regimes were tested: (1) FULL (DI100), where the total amount
of irrigation water was applied uniformly to the plant root zone; (2) DI75, with 75% of the water applied in
DI100; (3) DIS0, with 50% of the DI100 water applied; and (4) DI25, with 25% of the DI100 water applied.
Irrigation was applied using a drip irrigation system, with pipes placed in the root zone of the plants and
octopus-type drippers delivering a flow rate of 2 1 h™, ensuring one dripper per pot. Irrigation was scheduled
every 10 days during winter, weekly in spring, and twice a week in summer. Fertilizer treatments were applied
according to Chakma ez al. (2014).

Fruits were harvested at stage 815 when the bracts on the fruit turned pink, and the fruit flesh had fully
developed (Kishore, 2016). Previous studies have shown that the temperature and relative humidity of pitaya
during storage varies between 5-16 °C and 65-95% respectively (Punitha ez al., 2010; Freitas and Mitcham,
2013; Lata ef al., 2024). The harvested fruits were stored at 10 °C and 80% relative humidity for 30 days
(Punitha ez al., 2010; Lata ¢# al., 2024). Analyses were conducted at 10 days intervals during the storage period
(Initial, 10, 20", and 30" day).

Investigation criteria

Titratable Acidity (TA)

For TA analysis, 5 ml of fruit juice was diluted with 100 ml of distilled water and titrated with 0.1 N
NaOH to a pH of 8.2. Citric acid equivalents were calculated based on the TA (Cemeroglu, 2010). In
Hylocereus species, citric and malic acids are the primary compounds responsible for fruit acidity (Suh ez 4,

2014).

Total Soluble Solids (TSS)
TSS was measured using a refractometer (Atago ATC-1E Model; Atago Co. Ltd., Tokyo, Japan), and

expressed as “Brix.

Weight Loss (WL

Weight loss was calculated at every analysing period throughout the storage using the formula given
below and expressed as % Weight loss: [(Initial weight — last weight)/initial weight] x100
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Ascorbic acid (Vitamin C) content (mgkg

A 5 g sample of fruit extract was transferred to a test tube and mixed with 5 ml of 2.5% m-phosphoric
acid solution. The mixture was centrifuged at 2500 x g for 10 minutes at 4 °C. From the clear portion of the
centrifuge tube, 0.5 ml was taken, and the volume was adjusted to 4 ml with 2.5% m-phosphoric acid solution.
The mixture was passed through a 0.45 pm Teflon filter. The sample was analyzed for 15 minutes using an
ODS3 column (column temperature 25 °C, 2% KH,PO4 (pH 2.4), isocratic flow, 0.6 ml min™ flow rate, 10 uL
injection volume) at 244 nm (Cemeroglu, 2010).

Sugar content (glucose, fructose, sucrose) (g kg’

Fruit juice was diluted 1:2, passed through a 0.45 um membrane filter, and prepared for analysis. The
modified method of Bartolome et al. (1995) was used for high-performance liquid chromatography analysis.
The flow rate was set at 1.3 ml min”, the mobile phase consisted of 80% acetonitrile + 20% pure water, the
column temperature was 30 °C, and the analysis period was 25 minutes. Sugar content was determined using a
refractive index detector based on peak area and compared with a standard calibration curve, with the amounts

expressed in gkg'.

Total phenolic content (mg GAE ')
Total phenolic content was determined using the Folin-Ciocalteu colorimetric method. A 0.5 ml sample

of the extract was mixed with 2.5 ml of 0.2 N Folin-Ciocalteu reagent and 2 ml of sodium carbonate solution
(75 g1"). The mixture was incubated at room temperature for 2 hours, and the absorbance was measured at
760 nm against methanol as a blank. Results were expressed as mg GAE I'' (Akbulut ez 4., 2008).

DPPH antioxidant activity (mg TE [})
DPPH (2,2-Diphenyl-1-picrylhydrazyl) radical scavenging activity was determined based on the
reduction of DPPH by antioxidant compounds in the extract, measured by the absorbance difference at 515

nm. A 0.1 ml sample of the extract was mixed with 3.9 ml of DPPH solution, and the mixture was incubated
in the dark for 30 minutes. After incubation, the absorbance was measured at 515 nm. Results were expressed
as antioxidant activity in mg TE I'' (Akbulut ez 4/, 2008).

The field experiment was laid out in a completely factorial block design with 3 replicates and 7 pots in
cach replicate. The cold storage experiment was conducted using a completely randomized design with three
replications, each consisting of 10 fruits. The collected data were analyzed using JMP statistical software JMP’,
Version 7, SAS Institute Inc; Cary, NC, 1989-2007; NC 27513-2414, USA). The Least Significant

Difference (LSD) test was applied to compare treatment means.

Results

Titratable Acidity (TA) content (g citric acid [100 ml]")

The effects of the interaction between the training system, irrigation regime, and storage period on TA
content, as well as the effect of storage period alone, were found to be statistically significant. However, the
individual effects of the training system and irrigation treatments were not statistically significant (Table 1). A
decrease in TA content was observed throughout the storage period, ranging from 0.25 to 0.40 g citric acid
[100 ml]". The TA content varied depending on the training system and irrigation regimes, ranging from 0.32
to 0.34 g citric acid [100 ml]" and from 0.31 to 0.33 g citric acid [100 ml]", respectively.
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Table 1. Effect of storage period, training systems, and irrigation treatments on TA content (%) (g citric
acid [100 ml] 1)

Training Irrigation
Training Irrigation Storage period (Days) system treatment
systems treatments means means
0 10 20 30
FULL 0.34 a-k 0.30 c-m 0.36 a-j 0.221-m
Control .
(Pole) DI75 0.40 a-f 0.29 ¢c-m 0.29 c-m 0.19}lm 0.34" 0.33
S DI50 0.40 a-f 0.28 d-m 0.28 d-m 0.22j-m
ystem DI25 037ah | 030bm | 024gm | 028dm
FULL 0.46 ab 0.31 b-m 0.31 b-m 0.29 c-m 0.31%
T System DI75 0.37 a1 0.33b-k 0.34 a-k 0.27 d-m 0.33
DI50 0.34a-1 0.37 a1 0.31c-m 0.30 d-m
DI25 047 a 0.31 b-m 0.36 a-j 0.20 k-m 0.31°
FULL 0.42 a-d 0.36 a-k 0.30 c-m 0.26 f-m
Inverted U DI75 0.40 a-e 0.31 b-m 0.30 c-m 0.27 e-m 0.32
System DI50 0.44 abc 0.28 d-m 0.33a-m 0.22h-m ’ 0.32¢
DI25 0.35 a-j 0.33 b-m 0.34a-1 0.28 e-m
Storage period means 0.40 A 031B 0.31 BC 025C

LSD%5 storage period x training system x irrigation treatments: 0.151; LSD %S storage period: 0.036

*: Not Significant

Means with different letters in the same column were significantly different: P<0.05

'FULL irrigation; 275% deficit irrigation (DI75); 350% deficit irrigation (DI50); “25% deficit irrigation (DI25)

Total Soluble Solids (TSS) content (%)

The effects of training systems, storage period, and irrigation treatments, as well as their interactions, on
TSS content were found to be statistically significant (Table 2). The results indicate that the TSS content
fluctuated in all of the treatments to the 20* day and decreased at the 30* day of storage compared to the initial
values. Among the training systems, the highest TSS content was recorded in the Pole (Control) system, while
the lowest was observed in the T system. Regarding irrigation treatments, the lowest TSS content was found in
the FULL irrigation regime, while the highest was observed in the 25% (DI25) deficit irrigation treatment.

Table 2. Effect of storage periods, training systems, and irrigation treatments on TSS content (%)

Training it et Storage period (Days) Training Irrigation
system treatments 0 10 20 30 syseem freatment
means means
Control FULL 8.40 wxy 693 r-w 9.87a 6.66 F—X 1
(ol DI75 8.40 gk 8.60 d-h 870 d-g 7.83j-0 £29 A 748C
S DI50 8.30 £+ 890d-g 8.50 e-1 8.36 £+
ystem DI25 643 £ 8.90 d-g 7.77 k-p 10.10
FULL 6.83 r-x 7.33 n-s 6.80 s-x 6.63 t-x 7.78 B
DI75 6.46 wx 6.96 q-w 743 m-r 6.50 v-
T System DIS0 7.56 1—qy 8.06(%1—1 837 gk 6.60 u_Z 735¢
DI25 8.70d-g 9.20 bed 6.86 r-x 7-23 ot 7.77 B?
FULL 6.73 s-x 723 0t 7.90 1-n 8.47 f1
Inverted U DI75 8.03 gk 853d-g 870d-g 7.20 p-u .08 B
System DI50 6.30 xy 6.80 s-x 9.66 ab 593y ’ 8.58 A*
DI25 9.10 b-¢ 9.60 abc 10.13a 9.00 c-f
Storage period means 7.60 C 8.08 B 8.40C 743D

LSD%5 storage period x training system x irrigation treatments: 0.1797; LSD%5 training systems: 0.341; LSD%5
irrigation treatments: 0.433; LSD%5 storage period: 0.433

Means with different letters in the same column were significantly different: P<0.05

'FULL irrigation; 275% deficit irrigation (DI75); 350% deficit irrigation (DI50); “25% deficit irrigation (DI25)
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Weight loss (%)

The effects of interaction, as well as all treatments, on weight loss were found to be statistically
significant (Table 3). The findings showed that weight loss increased progressively with the storage period
compared to initial values. Among the training systems, the highest weight loss was recorded in the T system,
while the lowest was observed in the Inverted U system. In addition to this, weight loss decreased as the degree
of deficit irrigation increased, with the most significant reduction observed under more restrictive irrigation
regimes.

Table 3. Effect of storage periods, training systems, and irrigation treatments on weight loss (%)

Training | Irrigation Storage period (Days) Training | Irrigation
system treatment
system treatments
10 20 30 means means
Control FULL 1.80 k-r 2.58 d-k 2.93 b1
(;nlr;’ DI75 236en 218 £p 414a rion | 235AB
Svoer DI50 166 L-s 254 ¢k 2.82 ¢ '
ystem DI2S 146 n-s 248 ek 2.87 b-j
FULL 1.43 o-s 220 go 3.49 abc 2.62 A?
DI75 236en 3.05b-g 228 fp
T System DI50 1.52 m-s 226 fp 3.06b-f 236 AB
DI25 092s 2.03 h-r 3.68 ab 2.25B°
FULL 1.42 prs 2.35fn 2.93 b1
Inverted DI75 1.29 qrs 2.46e-1 3.50ad 2218
U System DI50 1.17 rs 2.03 hr 3.19b-¢ ' 2.18 B*
DI25 1.77 k-s 2.11k-p 2.31f0
Storage period means 152C 235B 3.10A

LSD%5 storage period x training system x irrigation treatments: 0.773; LSD%5 training systems: 0.061; LSD%5
irrigation treatments: 0.071; LSD%5 storage period: 0.071

Means with different letters in the same column were significantly different: P<0.05

'FULL irrigation; 275% deficit irrigation (DI75); 350% deficit irrigation (DI50); #25% deficit irrigation (DI25)

Ascorbic acid content (mg kg')

The effects of interaction, storage period, and training systems on ascorbic acid content were found to
be statistically significant, except for irrigation treatments (Table 4). The results showed a decrease in ascorbic
acid content as storage time increased compared to initial values. Among the training systems, the highest
ascorbic acid content was observed in the Pole (Control) system, while the lowest was recorded in the Inverted
U system. The ascorbic acid content values determined according to irrigation regimes (FULL, DI75, DIS0
and DI25) varied between 34.6 and 36.3 (mg kg"). However, this variation was not found to be statistically
significant.
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Table 4. Effect of storage periods, training systems, and irrigation treatments on ascorbic acid content (mg

kg")
Training Irrigation Storage period (Days) Training Irrigation
system treatment
systems treatments
means means
0 10 20 30
FULL 42.0ab 343b 31.1b 362 ab 1
C(;“Ir;’l DI75 40.0ab 343b 35.7ab 319b oA 346
S DIS0 44.5ab 34.1b 36.4ab 312b '
ystem DI25 53.2a 348b 41.0ab 31.2b si
FULL 37.2ab 33.4b 32.1b 33.0b '
DI75 37.9 ab 335b 32.8b 33.1b
T System DIS0 42.1ab 342b 282b 349b 34.6AB .
DI25 41.0 ab 34.3b 29.6b 35.8 ab '
FULL 33.6b 36.1ab 31.6b 342b
Inverted U DI75 33.7b 37.3ab 31.8b 34.8b
. 6.3
System DI50 35.6ab 32.7b 32.1b 34.6b 3398 363
DI25 35.5ab 33.1b 32.6b 33.1b
Storage period means 39.7A 343B 33.7B 3298
LSD%5 storage period x training system X irrigation treatments: 4.14; LSD%5 training systems: 2.69; LSD%S5 storage

period: 3.41

*: Not Significant

Means with different letters in the same column were significantly different: P<0.05

'FULL irrigation; 275% deficic irrigation (DI75); 350% deficit irrigation (DI50); #25% deficit irrigation (DI25)

Sugar content (fructose, glucose, and sucrose) (g kg")

The effects of interaction and storage period on fructose content were found to be statistically
significant, while the effects of training systems and irrigation treatments were not significant (Table 5). The
sugar content of the fruit fluctuated in all of the treatments throughout the storage. By the 30™ day of storage,
fructose content showed a decrease compared to the initial values. Fructose content varied based on training
systems and irrigation treatments, ranging between 15.6 and 17.8 gkg for training systems and 16.1 and 17.4
gkg' for irrigation treatments.

Table 5. Effect of storage periods, training systems, and irrigation treatments on fructose content (g kg?)

Training Irrigation Storage period (Days) Wetiaitiyy L
systems treatments system treatment
means means
0 10 20 30
Control FULL 23.1 abc 9.9 be 313a 12.3 abc 1731+
(Pole) DI75 22.1abc 8.6¢ 31.0ab 11.3 abc 7.1+
System DI50 19.6 abc 11.2 abc 25.3 abc 10.7 abc
DI25 14.7 abc 93¢ 25.8 abc 06.8 ¢ e
FULL 25.8 abc 14.4 abc 19.1 abc 11.2 abc 17.
T System DI75 24.7 abc 14.2 abc 22.1 abc 10.8 abc 178
DI50 22.8 abc 14.5 abc 20.6 abc 11.4 abc 16.1?
DI25 23.5 abc 11.8 abc 25.6 abc 11.7 abc ’
FULL 10.5 abc 24.9 abc 65¢ 18.8 abc
Inverted U DI75 9.9 abc 26.1 abe 95¢ 18.1 abc 156 165
System DI50 15.5 abe 18.8 abc 9.7 ¢ 12.5 abe ’ )
DI25 22.2 abc 18.0 abc 16.6 abc 11.4 abc
Storage period means 19.6 A 15.1B 203 A 12.2B

LSD%5 storage period x training system x irrigation treatments: 21.5; LSD%5 storage period: 4.4

*: Not Significant

Means with different letters in the same column were significantly different: P<0.05

'FULL irrigation; 275% deficit irrigation (DI75); 350% deficit irrigation (DI50); “25% deficit irrigation (DI25)
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The effects of interaction and irrigation treatments on glucose content were not statistically significant,
while the effect of training systems was found to be significant (Table 6). Glucose content increased throughout
the storage until the 20th day, and a decrease was observed at the 30" day of storage. Among the training
systems, the highest glucose content was recorded in the T system (54.0 gkg'), while the lowest (48 gkg™) was

found in the Control system. On the contrary, glucose content was not affected by irrigation system.

Table 6. Effect of storage periods, training systems, and irrigation treatments on glucose content (g kg")

Training Irrigation Storage period (Days) Training Irrigation
systcm treatment
systcm treatments
means means
0 10 20 30
FULL 50.8* 454 653 48.8 .
C(‘I’,“Ir;’l DI75 46.6 25 552 51.0 808 521
S o DI50 43.1 48.2 49.0 47.6 :
ystem DI25 25 36.6 53.0 424 .
FULL 54.4 56.7 57.1 55.5 '
DI75 49.0 51.0 62.4 52.8
T System DIS0 50.3 51.2 660 492 S40A S0
DI25 52.6 43.8 65.1 46.8 '
FULL 38.8 59.2 422 51.3
Inverted U DI75 40.3 64.4 43.0 57.2
1.0¢
System DI50 46.8 58.9 425 53.2 S1OAB >
DI25 54.0 60.3 49.4 55.2
Storage period means 47.4B 51.5 AB 542 A 50.9 AB

LSD%5 storage period x training system x irrigation treatments: LSD%5 training systems: 5.6; LSD%3 storage period: 6.4
*: Not Significant

Means with different letters in the same column were significantly different: P<0.05

'FULL irrigation; 275% deficit irrigation (DI75); 350% deficit irrigation (DI50); “25% deficit irrigation (DI25)

Similar to glucose, the effects of interaction and irrigation treatments on sucrose content were not

statistically significant, whereas the effects of storage period and training systems were significant (Table 7).

Table 7. Effect of storage periods, training systems, and irrigation treatments on sucrose content (g kg")

Training Irrigation Storage period (Days) it s pton
system treatment
systems treatments
means means
0 10 20 30
FULL 40.6* 36.3 52.2 39.0 "
C(‘I’,“Ir;’l DI75 373 340 442 408 4 417
o DI50 345 38.6 39.2 38.1 '
System
DI25 34.0 29.3 423 339 41.0°
FULL 43.5 45.3 45.7 44.4 ’
DI75 39.2 40.8 49.9 422
T System DI50 402 410 52.8 39.4 B2A o
DI25 42.1 35.1 52.1 37.4 ’
FULL 31.0 47.4 33.8 41.0
Inverted U DI75 32.2 51.5 34.4 45.8
. 40.14
System DIS0 375 7.1 34.0 426 408 AB
DI25 43.2 48.2 39.5 44.1
Storage period means 37.9B 41.2 AB 433 A 40.7 AB

LSD%S storage period X training system x irrigation treatments: LSD%S5 training systems: 4.51; LSD%S5: storage period 5.1
*: Not Significant
Means with different letters in the same column were significantly different: P<0.05

'FULL irrigation; 275% deficit irrigation (DI75); 350% deficit irrigation (DI50); 925% deficit irrigation (DI25)
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Sucrose content increased throughout the storage compared to initial values but a decrease was recorded
at the 30* day of storage. Regarding training systems, sucrose content was lowest in the Control system, as
observed with glucose. Unlike training systems, irrigation regimes did not affect sucrose content.

Total phenolic content (mg GAE ')

The effects of all treatments, and interactions on total phenolic content were found to be statistically
significant (Table 8). The highest total phenolic content was recorded on the 20th day of storage (240.5 mg
GAE!"), while the lowest was observed on the 30th day (124.2 mg GAEI'") of storage. Total phenolic content,
based on training systems, ranged from 175.1 mg GAE " to 196.4 mg GAE ", with the highest value recorded
in the Inverted U system. Regarding irrigation treatments, the lowest phenolic content was observed under
FULL irrigation (168.0 mg GAE I'"), while the highest content was recorded in the DI50 irrigation treatment
at 198.2 mg GAEI'.

Table 8. Effect of storage periods, training systems, and irrigation treatments on total phenolic content

(mg GAE ")
Training | Irrigation Storage period (Days) Training | Irrigacion
system treatment
system treatments
0 10 20 30 means means
FULL 161.2 -m 145.5 j-m 2789 c-f 1162 Im .
C(;“fr;’l DI75 277.9 of 280.9 c-f 270.0 def 133.8 klm 1933 A 16808
S “: ¢ DI50 131.9Im 264.2 def 221.0 e-1 107.3m :
ystem DI25 112.2Im 2132 2514d-g 127.9 Im 1943 A2
FULL 119.1 Im 159.3 rm 360.3 ab 1113 Im '
DI75 134.8 klm 264.2 def 163.2 -m 144.6j-m
T System DIS0 249.5 a-g 172.0 h-m 185.8 -1 98.5m 17518 1982 A°
DI25 2387 d-h 1319 Im 168.1 h-m 100.5 m :
FULL 171.0 h-m 118.1 Im 145.6j-m 1152 Im
Inverted DI75 350.5 be 1073 m 104.4 m 99.5 m
. 193.6 A*
U System DIS0 293.6b-c 1372 Klm 309.3 bed 208.3 £k 1964 A 93
DI25 290.1 b-¢ 137.7 klm 42792 127.0 Im
Storage period means 2109 B 1785 C 2405 A 1242 D

LSD%5 storage period x training system x irrigation treatments: 15.364; LSD%S5 training systems: 17.22; LSD%5
irrigation treatments 18.05; LSD%S storage period: 37.04

Means with different letters in the same column were significantly different: P<0.05

'FULL irrigation; 275% deficit irrigation (DI75); 350% deficit irrigation (DI50); “25% deficit irrigation (DI25)

Antioxidant activity (mg TE I')

The effects of all treatments and interactions on antioxidant activity were found to be statistically
significant, similar to total phenolic content (Table 9). The lowest antioxidant activity was recorded on day 0
of storage at 21.4 mg TE I, while the highest was observed on day 20 at 31.1 mg TE I'. Antioxidant activity
values varied between 22.6 mg TE 1" and 31.2 mg TE I regarding the training systems, with the highest value
recorded in the Inverted U system. Regarding irrigation treatments, the lowest antioxidant activity was
observed in the DI75 irrigation treatment at 16.8 mg TE I, while the highest was recorded in the DI25
treatment at 31.5mg TEI'".
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Table 9. Effect of storage periods, training systems, and irrigation treatments on antioxidant activity (mg

TEI?)
Training Irrigation Storage period (Days) Training | Lrrigation
system treatments system treatment
4 0 10 20 30 means means
Control FULL 26.2 g-m 26.9 g-l 43.5b-f 10.6 o-s 282 AB!
(Pole) DI75 20.3j-q 20.2jq 18.1 k-r 12s 252 B
Sust DI50 16.2 |-r 57.9a 25.0 g-m 6.2 1s ’
ysem DI25 19.6 k-r 42.6b-f 53.0 ab 15.8 l-r s B
FULL 19.8kq 5244b 37.0cg 18.1kr '
DI75 14.6 I-s 12.8 m-s 12.8 m-s 25.0 g-m
T System DI50 18.9 k-r 6.9 qrs 24.6 gn 203jq 22:6C 284 AR
DI25 13.91-s 11.2 n-s 35.7d-h 37.5cg ’
FULL 18.4 k-r 30.2 £k 9.1p-s 49.0 a-d
Inverted DI75 21.01-p 23.0 h-o 15.6l-r 15.41r
. 1.5 A*
U System DI50 34.3 e 34.8 e-h 49.6 abc 45.7 a-e 31.2A 315
DI25 334 e 35.6e-h 48.6 a-d 35.5d-h
Storage period means 21.4B 29.6 A 31.1A 23.4B

LSD%5 storage period x training system x irrigation treatments: 26.07: LSD%S5 training systems: 2.30; LSD%5
irrigation treatments: 6.28; LSD%5 storage period: 6.28

Means with different letters in the same column were significantly different: P<0.05

'FULL irrigation; 275% deficit irrigation (DI75); 50% deficit irrigation (DI50); 925% deficit irrigation (DI25)

Discussion

This study evaluated the effects of different training systems (Control (Pole), T system, and Inverted U)
and irrigation regimes (FULL, DI75, DI50, and DI25) on pitaya fruits stored at 10 °C and 80% relative
humidity for 30 days. Storing pitaya at temperatures above 20 °C results in rapid softening and loss of both
sugars and acidity (Punitha ez 4/., 2010). Therefore, fruit is typically stored at temperatures of 14 °C or lower
to slow these changes. However, storing the fruit at temperatures below 5 °C can cause chilling injury. The ideal
storage temperature can be changed according to the genetic variety and growing environment to effectively
preserve the quality of pitaya fruit after harvest (Razali ez a/.,2016). Nerd ez al. (1999) stated that pitaya fruit
(Hylocereus undatus and Hylocereus polyrhizus) grown in Israel should be stored at 10 °C to decrease quality
loss and avoid chilling injury. The storage temperature was chosen based on the recommendations of Nerd ez
al. (1999). According to our results, titratable acidity (TA) decreased after the 20th day of storage, with no
significant effects of training systems or irrigation regimes. TA values in this study were in agreement with those
reported by Razali ez 4/. (2016) and Wakchaure et al. (2023), who also noted a decline in TA content over time.
The values were comparable to earlier studies of TA ranging between 0.30% and 0.36% (Sornyatha and
Anprung, 2009; Arévalo-Galarza and Ortiz-Herndndez, 2004; Martinez Chdvez, 2011).

Total soluble solids (TSS) content varied with storage period, training systems, and irrigation
treatments. A decrease in TSS was observed after the 20th day of storage, similar to the trend in TA. The highest
TSS content was found in the Control system, possibly due to greater light exposure. Among irrigation
treatments, DI25 resulted in the highest TSS content, likely due to reduced water availability and increasing
sugar concentration. Razali ez /. (2016) and Wakchaure ez /. (2023) also reported an increase in TSS during
the early storage period, consistent with this study's findings.

Postharvest storage at room temperature negatively affects weight loss, decay, external appearance, and
quality parameters compared to cold storage (Nerd ez al., 1999). However, weight loss increased towards the
end of cold storage as well. The highest weight loss occurred in the Control system, while the lowest was found
in the Inverted U system. Among irrigation treatments, DI25 had the lowest weight loss, with findings similar

10
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to those reported by Nerd ez al. (1999) and Wakchaure ez a/. (2023), who observed an increase in weight loss
during storage.

Ascorbic acid content decreased with storage time. The highest ascorbic acid content was recorded in
the Control system and the lowest in the Inverted U system. Irrigation treatments did not significantly affect
ascorbic acid content. The values differed from those reported by Jamilah e# 4/. (2011), who found ascorbic
acid content to be 8-9 mg/100 g. These differences could be due to variations in cultivar, ecological conditions,
irrigation regimes, and training systems.

Fructose, glucose, and sucrose contents fluctuated during storage, depending on the training systems
and storage period. Irrigation treatments did not significantly affect sugar content. Glucose was the dominant
sugar, followed by sucrose and fructose. A decline in all sugar types was observed after the 20th day of storage,
similar to TA and TSS. Among training systems, the Control system had lower glucose and sucrose contents
compared to the others. Sugar content in pitaya varies based on the maturation stage and harvest season, with
higher levels observed in summer and autumn (Nomura ¢# 2/, 2005). Hua ez a/. (2018) also reported glucose as
the dominant sugar, aligning with this study's findings. Oziyci e# 4/. (2024) noted that sugar content differs
across cultivars, including red-peeled white-fleshed and red-peeled red-fleshed varieties.

Total phenolic content fluctuated over the storage period, with the lowest value recorded on the 30th
day. The Control and Inverted U systems were in the same statistical group in terms of phenolic content. Most
irrigation treatments, except FULL, also belonged to the same statistical group. Oziyci ez a/. (2024) reported
significant differences in phenolic content across different pitaya cultivars, with values ranging from 38.59 mg
GAE/L to 621.06 mg GAE/L, the lowest found in the Vietnamese Jaina cultivar. The differences in total
phenolic content observed in this study could be attributed to variations in training systems and irrigation
regimes.

Antioxidant activity varied with storage period, training systems, and irrigation treatments. A decline in
antioxidant activity was observed after the 20th day of storage. The highest antioxidant activity was recorded
in the T system, and among irrigation treatments, DI25 had the highest value. These results are consistent with
those reported by Oziyci ez a/. (2024) for the ‘Vietnamese Jaina’ cultivar.

Conclusions

The experimental results show that the postharvest quality of the Vietnamese Jaina pitaya cultivar can

be effectively maintained during the storage at 10 °C and 80% relative humidity for up to 20 days, without
significant quality loss under all training systems and with both 75% deficit irrigation (DI75) and full irrigation
(FULL) regimes. Both deficit irrigation (DI75) and full irrigation (FULL) regimes had no significant effect on
fruit quality under these conditions However, towards the end of storage, fruit quality declined, particularly in
the D25 irrigation regime, due to smaller fruit size compared to the D75 and FULL irrigation treatments.
In conclusion, both the DI75 and FULL irrigation regimes effectively preserve fruit quality, with the choice
between them depending on water availability and resource management priorities. On the other hand, the
training system does not significantly affect fruit quality and can be selected based on practical factors such as
case of management and labor needs.
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