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Abstract

Pitaya (Selenicereus spp.) cultivation has expanded in the Iberian Peninsula in recent years,
driven mainly by increasing demand from the European market and by the crop’s good
adaptability to Mediterranean conditions. However, the successful consolidation of this
crop requires the adoption of cultural practices adapted to regional edaphoclimatic condi-
tions and production systems. The present review aims to synthesise and critically analyse
the scientific literature on pitaya cultural practices, integrating information from major
producing regions worldwide and from Mediterranean environments, where data remain
limited. Key topics include propagation methods for success in early development, train-
ing systems and pruning, soil management within the framework of sustainable orchard
management practices and the crop’s versatility in integrating diverse agroecosystems. In
addition, bibliometric analysis identified water requirements and irrigation strategies as
key aspects for which region-specific guidelines are still required. This study emphasises
the utilisation of floral induction techniques and the significance of supplementary manual
pollination for ensuring higher productivity and superior fruit quality. Overall, this review
provides a consolidated reference to support the development of sustainable and regionally
adapted pitaya production systems in the Iberian Peninsula.

Keywords: Cactaceae; dragon fruit; irrigation; Mediterranean agriculture; pollination;
production technologies; review; Selenicereus spp.; soil fertility

1. Introduction
In recent years, the demand for fruits with high nutritional and functional value

has increased substantially. The distinctive appearance, high nutrient content, and health-
promoting properties as the high antioxidant content [1–5] of pitaya (Selenicereus spp.), also
known as dragon fruit, have led to its increased popularity among consumers, driving its
introduction into non-traditional growing regions such as southern Europe. Despite the
marked difference in climate between this region and the humid forests of Central and
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South America, where pitaya originates [6], the crop has shown remarkable adaptability.
The cultivation of pitaya in Europe offers notable advantages for sustainable agri-food
systems. Shorter transport distances between production sites and consumers significantly
reduce the carbon footprint of supply chains and enhance regional economic resilience by
strengthening local agricultural economies. This also contributes to improving food security
and sovereignty. As a result, pitaya has become one of the most promising emerging fruit
crops contributing to the diversification of agriculture in many parts of the Mediterranean
Basin [7]. In the Iberian Peninsula, pitaya cultivation is still in its early stages, but it has
shown remarkable growth in recent years, particularly in southern Portugal (mainly in
the Algarve region) and southern Spain (Andalusia and the Canary Islands) [7,8]. This
expansion is also driven by the need to adopt fruit species that require less water in response
to climate change, which is manifesting as milder winters and prolonged dry seasons. In
this context, the introduction of well-adapted subtropical species is a promising strategy for
capitalising on emerging climatic opportunities and enhancing agricultural sustainability.

Despite the rapid expansion of this species, technical knowledge adjusted to local
edaphoclimatic conditions remains scarce, and many cultivation practices are still defined
empirically by producers. Most of the available agronomic information on pitaya originates
from Latin America [9] and Asia [10], where environmental conditions, production systems,
and management practices are substantially different from those in the Mediterranean
region. Although some practices, such as propagation techniques, are broadly comparable,
many others, including pollination and fruiting dynamics, remain poorly defined and
require contextualisation and adaptation to the Iberian production environment.

Considering the growing interest in this emerging crop, this review compiles and anal-
yses the key cultural practices associated with pitaya production in the Iberian Peninsula.
It draws on contributions from two Portuguese research projects that aimed to understand
the crop’s agronomic requirements and environmental requirements. This review empha-
sises production systems and key management practices, including propagation methods,
training systems and pruning, soil management, irrigation and fertilisation strategies,
floral induction techniques, and supplementary manual pollination. By integrating current
scientific evidence with emerging regional experience, this review aims to support the
development of efficient, resilient, and environmentally sustainable pitaya plantations
adjusted to Mediterranean agroecosystems.

2. Propagation
Pitaya can be propagated in two different ways: (i) sexually, through seeds, and

(ii) asexually, via cuttings. Seed propagation is primarily reserved for breeding programmes
due to the high likelihood of producing genetically distinct hybrid plants [11]. In the context
of commercial production, seed propagation is not recommended for pitaya plants, which
are known to be heterozygous. Consequently, even crossbreeding within the same cultivar
results in plants with genetic characteristics different from those of the mother plants [12].

Vegetative propagation by cuttings is the most widely adopted method for establishing
pitaya plantations. This asexual propagation technique ensures the production of plants
genetically identical to the mother plant, thereby preserving the cultivar’s genetic lineage.
This technique involves removing cladodes from a mother plant, which, under appropriate
conditions develop roots, generating new plants. The success of the technique is contingent
upon the rooting capacity of the cuttings and the subsequent vigour of the propagated
plants. From a commercial perspective, this method offers several advantages. It enables
fruit production in less than a year [13] and promotes uniformity in plant characteristics,
thereby facilitating the scheduling and execution of cultural practices, resulting in rapid
economic returns.
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Both intrinsic and extrinsic factors affect the rooting ability of cuttings. The intrinsic fac-
tors include the genetic characteristics of the mother plant, including its genotype/cultivar,
age, nutritional and phytosanitary status. Cladode age and maturity have a significant
impact on hormonal balance and the concentration of endogenous auxins, which are key
hormones regulating rhizogenesis. Hight auxin/inhibitor ratio favours root formation [11].
The age of cladodes is related to their position on the mother plant. In mother plants main-
tained solely for propagation purposes, new cladodes are commonly allowed to develop at
the basal portion of the plant, near the soil surface, as these are the first to emerge and there-
fore accelerate the propagation process. Those basal cladodes, characterised by a darker
green colouration and exhibiting structurally tougher, generally root better in comparison
to younger, light green cladodes originating from the upper portions of the mother plant.
Cuttings retain the ontogenetic age of the donor plant [14]. Consequently, cladodes from
older plants, which possess greater stored reserves, exhibit accelerated rooting. In contrast,
younger cladodes (less than one year old) exhibit reduced rooting rates [15]. The length of
cladodes selected for propagation strongly influence rooting ability as well as the number
and vigour of shoots produced during the first year after planting. Cladodes measuring
15–25 cm are considered optimal for propagation [16]. The enhanced effectiveness of this
process is linked with increased carbohydrate reserves and higher auxin production [17].
Collectively, these factors promote enhanced rooting success, rooting speed, and subse-
quent shoot development. In Selenicereus undatus, longer cladodes produced higher-quality
root systems, regarding length, volume, and mass [18]. These outcomes were explained by
an increased carbon-to-nitrogen ratio and a greater carbohydrate accumulation, both of
which enhanced cutting survival. Moreover, abiotic stresses, such as nutritional deficiencies,
water deficits, and suboptimal light regimes that lead to burned or etiolated cladodes tend
to compromise plant vigour, resulting in weak and low-quality cuttings that are poor in
photoassimilates and malformed.

Cladode health is of utmost importance, as vegetative propagation can facilitate the
spread of diseases; therefore, propagation material should be selected that is free from
pathogens, including bacteria, fungi, and viruses. Conversely, rigorous screening of mother
plants and propagation material, combined with strict hygiene practices (e.g., disinfection
of cutting tools), is essential to ensure the quality of vegetatively propagated plants [19].

To ensure optimal propagation, it is recommended that cuttings should be taken at the
cladode insertion, i.e., the junction of the woody tissue with the mother plant. In instances
where this is not possible, cuts may be made in the succulent portion, provided that the
wound is protected against pathogen entry. This can be achieved through the application
of Bordeaux paste or powdered cinnamon (Cinnamomum verum), as both substances act
as fungistatic and bacteriostatic agents [20,21]. Cuttings should then root in pots, black
polypropylene bags, or alveoli, with the bottom (basal) end buried up to 5 cm. Substrates
that are well-drained and contain sand or perlite promote root development, while organic
matter has been demonstrated to support subsequent growth [22].

Successful rooting is improved under conditions of 50% shade and with adequate
irrigation to maintain moisture without causing waterlogging. The season of propagation
affects the efficiency of rooting [16]. Colder conditions reduce the rooting rate, whereas
the conditions prevailing during spring and summer exert a stimulatory effect [23]. This
is likely to be a consequence of higher temperatures, which stimulate root meristem cell
division and enhance cell expansion, leading to greater root growth. During the early stages
of development, lateral shoots should be removed, leaving only the most upright apical
shoot to promote vigorous and directed growth [24]. The application of growth regulators
has been demonstrated to enhance root development and subsequent plant development.
For example, dipping the cutting base in a 10 mM indole-3-butyric acid (IBA) solution for
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10 s resulted in 100% rooting and improved root size [25]. Similarly, application of IBA at
6000 ppm enhanced both rooting and cladode development [26].

The growing demand for plant material to establish new plantations, in conjunction
with the limited supply of plants from certified nurseries, has prompted many producers
to propagate and exchange cuttings among themselves. This informal practice poses
a significant risk, as the use of uncertified material can facilitate the dissemination of
pathogens. In fact, the propagation by cuttings facilitates the transmission of several
diseases [27–29], thus highlighting the dangers of unregulated propagation. The simplicity
of multiplication using cuttings has resulted in less focus on alternative approaches in
commercial production. In response to this challenge, recent research has focused on
micropropagation as a means of enhancing disease control. Micropropagation offers several
advantages, including the capacity to produce disease-free plants year-round, regardless of
seasonal constraints. Although this technique entails high operating costs, owing to the
requirement for aseptic laboratory conditions, highly skilled personnel, and specialised
equipment, it is, nevertheless, widely used for cultivating several economically important
fruit crops [30,31] and has also been successfully adapted to pitaya [32,33]. In the context
of pitaya, the micropropagation procedure usually involves establishing aseptic cultures
from shoot tips or lateral nodes. The in vitro plant material subsequently grows through
shoot elongation, mass multiplication, and rooting [34]. However, there are still certain
technical challenges to be addressed, particularly the exudation of polysaccharides and
the succulent nature of tissues, which often lead to bacterial and fungal contamination or
necrosis of explants [23,35,36]. To circumvent these limitations, innovative protocols have
been developed. One example is the use of temporary bioreactor systems, which promote
cladode proliferation in liquid culture media rather than in conventional gelled media [33].

In summary, vegetative propagation by stem cuttings remains the most practical and
widely adopted method for pitaya cultivation, as it is simple, cost-effective, and allows
for rapid plantation establishment. However, certain limitations, particularly the risk of
pathogen dissemination and the restricted availability of certified material, emphasise the
necessity of complementary approaches. Micropropagation is a valuable tool to produce
high-quality, disease-free, and genetically uniform plants. Furthermore, it offers oppor-
tunities for the conservation of germplasm and the application of biotechnology, thereby
strengthening the sustainability and long-term expansion of pitaya cultivation.

3. Production Systems
In the Mediterranean Basin, pitaya is cultivated under two production systems:

(i) open-field and (ii) protected cultivation. The choice between these systems depends
on local climatic conditions, production scale, and the producer’s economic objectives.
Therefore, the selection of the most appropriate system should take into consideration
technical, economic, and environmental factors, with the aim of achieving an optimal
balance between productivity, sustainability, and profitability.

3.1. Open-Field Cultivation

Open-field cultivation is the most common method of producing pitayas, particularly
in tropical and subtropical regions where the crop has strong traditional and economic
importance and where the natural conditions are conducive to its growth. This system is
characterised by lower installation costs, simpler infrastructure, and greater adaptability to
small and medium-sized farms, when compared to protected cultivation. Furthermore, it
facilitates the integration of pitaya into diversified cropping systems, such as agroforestry
arrangements and intercropping with other fruit or perennial species [37]. Open-field culti-
vation exposes plants directly to natural environmental conditions, including climate and
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soil conditions. Planting rows arranged in a north–south orientation have been shown
to maximise solar exposure, thereby promoting vegetative growth and enhancing fruit
development and colouration [38]. However, this exposure also increases susceptibility to
abiotic stresses, such as excessive solar radiation, heavy rainfall and high humidity, wind
damage, and sudden temperature drops. High solar radiation and elevated temperatures,
occurring outside the species’ typical shaded habitats, may contribute to the incidence of
cladode sunburn [39]. Therefore, frost-prone areas should be avoided when establishing
pitaya plantations in open fields. Moreover, irregular environmental conditions, particu-
larly day–night temperature fluctuations, can result in delayed or uneven flowering and
fruiting, leading to reduced productivity and inconsistent fruit appearance and quality
when compared to protected systems.

In addition to climate, soil type is critical, as pitaya grows best in well-drained sandy-
loam soils. Heavy soils and low-lying areas prone to waterlogging should be avoided. Plant
establishment on raised beds improves infiltration, prevents waterlogging, and enhances
soil drainage. The optimal soil pH ranges between acidic and neutral (5.5–7.0) [40,41].
Saline soils should be avoided, as they delay plant growth and development [42], and
salinity levels above 4 dS m−1 can cause plant mortality [43]. Incorporating manure or
compost into the soil is essential to increase organic matter and enhance overall soil quality.
This is particularly important for this crop, given that soils in its centre of origin contain
high levels of organic matter (7%) [44], much higher than the 1–2% typically found in
Mediterranean Basin soils [45].

3.2. Protected Cultivation

Protected cultivation of this crop typically encompasses the utilisation of greenhouses,
shade houses, or plastic tunnels. This production system enables greater control over impor-
tant environmental factors, such as temperature, humidity, and light intensity. Therefore,
protected cultivation is advantageous for producing this crop in regions with different
climatic conditions to those in which it is native. By mitigating fluctuations in environ-
mental factors, protected cultivation systems can extend the periods of vegetative growth,
flowering, and fruiting periods, thereby promoting more uniform yields and often enhanc-
ing fruit quality. In the Mediterranean, during the winter season, temperatures within
protected structures remain higher when compared to those in open fields. This has the
effect of smoothing out the typical slowdown in vegetative growth. Consequently, plants
continue to grow and produce cladodes throughout the colder months. This is particularly
advantageous during the establishment stage, when rapid growth is desired, and after
end-of-cycle pruning in mature plants, when the emission of new cladodes is essential
to ensure fruiting in the following season. Reducing direct exposure to solar radiation,
rainfall, and wind also decreases the occurrence of sunburn and mechanical injuries to
cladodes and fruits.

Controlling peak temperatures effectively within greenhouses is critical during the
summer months, as excessive heat severely impacts on plant physiology and crop per-
formance. The plant is unable to adjust its temperature through transpiration, as it keeps
its stomata closed during the day due to its CAM metabolism. At night, the stomata are
opened and absorb carbon dioxide (CO2). Temperatures above 38 ◦C can cause severe
damage to the plants and have a detrimental effect on floral induction. Therefore, effec-
tive ventilation, shading nets, and external reflective coatings are essential components
of protected dragon fruit production systems and contribute significantly to improving
fruit quality [39,46,47]. Nevertheless, this production system requires a higher initial invest-
ment and more advanced technical management. Economic viability depends on several
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factors, such as production scale, market access, and price premiums for out-of-season or
high-quality fruit.

Pitaya can be cultivated under protected conditions using two main approaches: either
by planting it directly in soil or by cultivating it in soilless systems. Soilless cultivation
systems include hydroponics, where the roots grow directly in a nutrient solution, and
substrate cultivation, where an inert or organic substrate provides physical support for the
roots and is irrigated with a nutrient solution [48,49]. These systems allow precise control of
the supply of water and nutrients, thereby improving resource efficiency and maintaining
a favourable air–water balance around the roots. Substrate-based cultivation of pitaya
has been associated with favourable vegetative growth and productive outcomes [50,51].
However, this approach can result in higher initial costs, as well as requiring more technical
expertise and advanced detection systems to monitor temperature fluctuations. Using
this system can also reduce soil-borne diseases, support uniform and productive crop
development, and save resources through nutrient recirculation and the use of inert or
recycled substrates [52–55]. These systems can operate in two distinct modes, as open or
closed systems, depending on whether the nutrient solution is recirculated in a closed loop
or discarded after each irrigation. Open systems are more commonly used in substrate-
based cultivation, although they increase water use by up to 42% compared to closed
systems [56–59]. In closed systems, drainage solution can be reused if the pathogen levels,
salinity, nutrient balance, and oxygen content are properly controlled. Installing an effective
drainage solution disinfection system is required to prevent the spread of pathogens [48,49].

In southern Portugal and Spain, greenhouse farming has become an increasingly
important role in recent years, especially to produce berries and vegetables. The growing
interest in pitaya has led several producers to include this crop initially on a small experi-
mental scale before gradually expanding production. Through minor adaptations to the
trellis structures in existing greenhouses, some farmers have successfully converted areas
previously used for other crops into areas for growing pitaya. These producers quickly
recognised the advantages of integrating this crop into their crop diversification strategies,
as it enables continuous crop production and thus generates income throughout the year.

4. Training and Pruning
4.1. Morphological and Physiological Determinants of Pruning

Pitaya is a climbing cactus characterised by segmented, three-ribbed cladodes, which
are modified stems that also perform leaf-like photosynthetic functions. These cladodes are
responsible not only for photosynthesis but also for the storage of water and nutrients [7].
Along each edge connecting two faces, there are areoles, which are small, specialised
axillary structures containing a bud with a multipotent meristem. From these areoles,
spines, flowers, and vegetative shoots may develop. There is also a bud at the apex of each
cladode, enabling its longitudinal extension.

From a functional perspective, pitaya cladodes can be classified into two types: (i) struc-
tural cladodes and (ii) production cladodes. Structural cladodes function primarily as axes
for water and nutrient transport and provide support for the emergence of production
cladodes. In a commercial plantation, they typically form a single vertical stem up to the
support structure, above which the production cladodes develop (Figure 1a). Production
cladodes are pendulous and constitute the structures from which fruits develop.
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Figure 1. Pitaya growth and training: (a) commercially cultivated pitaya plants (open-field plantation
in Cacela Velha, Portugal); (b) plants growing naturally on trees (Tropical Botanical Garden, Lisbon,
Portugal) and (c) plants growing naturally on rocks (Norman Castle, Sicily, Italy).

4.2. Training Systems and Support Structures

Pitaya is a perennial fruit crop with a productive lifespan of approximately 20 to
25 years [60,61]. It is characterised by a climbing growth and naturally using other vegeta-
tion, usually trees, or rocks as support (Figure 1b,c).

Its unique morphology and strong dependence on structural support [7] make the use
of support systems necessary when cultivated (Figure 2).

The selection of support systems is primarily determined by the crop’s longevity, the
cost and the maintenance requirements of the structures, and the substantial biomass load
produced by pitaya.

In the countries of the Mediterranean Basin, most of these structures consist of gal-
vanised iron posts connected by steel cables or wires, which are protected with polyethylene
tubes to prevent mechanical damage to the plants.

There is an increased need to develop more innovative support structures to opti-
mise space through higher planting densities. In addition, these novel systems aim to be
more cost-effective, facilitate cultural practices such as pruning and harvesting, have a
lifespan equal to or longer than that of the plants themselves, allow easy reinforcement, and
support the attachment of adventitious roots. Regardless of the training system adopted,
the height of the support structure (on which the productive cladodes are suspended)
should not exceed 1.6 m to facilitate plantation management and harvesting operations.
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The training systems are classified into four types [62]: (i) Single Post System (traditional
system); (ii) Trellis System, which includes the A-Shape Trellis, T-Shape Trellis, and Ver-
tical Posts with Multiple Horizontal Arms System; (iii) V Shape or Tatura System; and
(iv) Ladder System.

Figure 2. Support structures used in pitaya cultivation: (a) Single Post System (traditional system)
(Bebedouro, Brasil); (b,c) “A-Shape Trellis” System (Tenerife, Spain); (d) “T Shape Trellis” System
(Málaga, Spain); (e) vertical posts with multiple horizontal arms system, an adaptation of the
raspberry training system (Cacela Velha, Portugal); and (f) “V Shape or Tatura System” (Cacela
Velha, Portugal).

4.2.1. Single Post System (Traditional System)

This system consists of a post, which can be made of concrete, wood, or other materials,
topped with a ring or similar structure that supports the hanging productive cladodes
(Figure 2a). The ring may be made of concrete, metal, a tyre, or other materials. Several
authors have reported that this system achieves higher productivity and higher fruit quality,
compared to trellis systems [63,64]. The difference is more pronounced in S. costaricensis
than in S. undatus [63].

4.2.2. Trellis System

Within trellis systems, several configurations are possible, the three most common
being the following: (i) the “A-Shape Trellis” system, (ii) the “T-Shape Trellis” system, and
(iii) vertical posts with multiple horizontal arms system.
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In the “A-Shape Trellis” system, the main structure is made of galvanised iron and
has an “A” shape, with two inclined legs (usually made of iron mesh) meeting at the top
and spreading at the base (Figure 2b,c). Each A-shaped structure is installed perpendicular
to the planting rows, which are double rows, i.e., consisting of two parallel lines of plants.
Horizontal wires are stretched between consecutive A-shaped structures at different heights
to support and train the plants. Each leg of the A-shaped structure is aligned with one
of the two planting rows, allowing the plants to grow supported by both the legs and
the wires.

In the T-Shape Trellis system, posts—usually made of concrete or galvanised iron—are
installed, with one or two galvanised iron pipes positioned perpendicularly at the top of
each pillar. Several of these pillars are placed along the planting row, and at least two
wires are stretched between the pillars, passing through each end of the galvanised iron
pipes (Figure 2d). Each plant is then tied to a stake until it reaches the height of the wires,
providing support during growth. Above the wires, the cladodes hang down, at least one on
each side, although several more may develop depending on the spacing between plants.

The vertical posts with multiple horizontal arms system are a modification of the
T-shape trellis, in which horizontal arms and galvanised iron wires are installed at mul-
tiple heights, forming several layers. This system may emerge as an adaptation of the
previous training system, used in raspberry cultivation (Figure 2e). For farmers seeking
alternative options for small fruit crops, this adaptive trellis system is a viable solution for
pitaya cultivation.

4.2.3. V Shape or Tatura System

In this system, several V-shaped structures are installed in series, perpendicular to the
crop row, typically made of galvanised iron, with a wire stretched between the structures
(Figure 2f). In some ways like the A-Shape trellis, this system also features a double planting
line, with one row of plants on each side. This configuration results in a more open plant
canopy, which improves aeration and sunlight penetration.

4.2.4. Ladder System

This system consists of a ladder-like structure, usually made of bamboo. Along the
planting row, posts are installed, and several horizontal poles are crossed perpendicularly
at different heights, creating a series of steps on both sides of each post, preferably in an
alternating pattern. The plants are tied between these steps, and their cladodes become
pendulous once they reach the height of the structure. This system allows for higher
planting density and is both low-cost and easy to install. However, it often has a short
lifespan, requires frequent replacement and is not widely used in plantations across the
Iberian Peninsula.

4.2.5. Live Supports

The use of living supports is particularly common in tropical and subtropical produc-
tion regions. These supports generally consist of tall, slender tree species with adequate
structural strength to sustain pitaya plants. Their adoption is associated with a lower
environmental footprint, as no industrial resources are required for the manufacture of
support materials, unlike in conventional systems. In addition, living supports enable the
productive use of land through the simultaneous production of multiple outputs, aligning
with the principles of agroforestry, which also aim to enhance biodiversity relative to
simplified production systems [65].

Living supports can also provide habitat for beneficial insects, including pollinators
of pitaya and natural enemies of key pests. In Mexico, this system is highly valued, as it
makes use of existing vegetation in both smallholdings and large-scale agroforestry systems.

https://doi.org/10.3390/plants15050807

https://doi.org/10.3390/plants15050807


Plants 2026, 15, 807 10 of 35

Moreover, living supports offer natural shading, thereby eliminating the need for artificial
shade nets [66]. However, adequate light penetration must be maintained to ensure optimal
conditions for flowering and fruit development. Consequently, regular tree pruning is a
critical management practice to control canopy architecture and promote sufficient light
incidence on the pitaya plant. In the Iberian Peninsula, this system remains uncommon,
although its adoption is technically feasible and may offer potential benefits under suitable
management and climatic conditions.

4.3. Objectives of Pruning

Pruning is defined as the removal of plant parts, such as branches, roots, or buds,
when such intervention influences the plant’s physiological response [67]. It is an ancient
cultural practice, documented since the time of Ancient Greece [68,69], and today it remains
a fundamental management operation in the maintenance of many perennial crops [70–72].
For this reason, pruning is an essential cultural practice in the management of many
high-value crops.

The main objectives of pruning in pitaya are closely linked to its unique growth habit
and physiological characteristics, aiming to optimise plant development, fruit produc-
tion, and overall crop management [73]. The specific objectives can be summarised as
follows: (i) plant formation; (ii) growth control and canopy maintenance; (iii) stimulation
of flowering and fruiting; and (iv) facilitation of pest and disease management.

Pruning facilitates canopy management, making various cultural practices easier and
reducing production costs. Properly distributed cladodes, without excessive overcrowding,
enhance air circulation and light penetration, facilitate natural pollination, and improves
access for harvesting. In addition, when agrochemicals are required, their application
becomes more efficient as the inner parts of the canopy are more accessible.

In the absence of pruning to regulate vegetative growth, pitaya plants continue pro-
ducing new cladodes throughout most of the year. Excessive vegetative development
diverts metabolic resources away from reproductive processes, reducing both flowering
and fruit set. Pruning helps limit the number of cladodes, promoting the formation of
thicker, well-nourished ones that are physiologically more capable of supporting abundant
flower and fruit production.

4.4. Types of Cuts

Pruning cuts can be classified into three main types: (i) heading cuts, (ii) reduction
or drop-crotch cuts, and (iii) thinning cuts. Heading cuts consist of removing part of the
cladode at any point along its length to stimulate the formation of new cladodes from the
lateral buds below the cut. A reduction or drop-crotch cut consists of removing an older
cladode just above a younger lateral branch, stimulating the growth towards the remaining
cladode. A thinning cut consists of removing a cladode by cutting it at its base, allowing
the complete removal of an undesired cladode. When the heading cut removes only the
terminal portion (tip) of the cladode, the operation is referred to as tipping.

4.5. Pruning Types
4.5.1. Formative Pruning

The purpose of formative pruning is to guide the plants according to the training
system adopted and is performed during the first years of the plant’s life, from the nursery
stage until it reaches its mature size.

The main objectives of formative pruning in pitaya are as follows: (i) to establish a
strong and healthy structural framework of cladodes that can support future production
cladodes and fruit loads, even under challenging environmental conditions; (ii) to prevent
production cladodes from developing too close to the ground; (iii) to optimise the distri-
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bution of production cladodes, avoiding competition for space, light, and resources; and
(iv) to manage the future canopy structure so as to maintain minimal structural cladodes
while promoting aeration and sunlight exposure of the production cladodes.

Formative pruning aims to promote the development of cladodes that, due to their
position and vigour, will constitute the plant’s structural framework.

In this crop, regardless of the training system adopted, plant formation involves
maintaining a single, unbranched vertical main stem up to the height defined by the
training system (usually 1.5–1.6 m). Above this height, the cladodes are guided to hang
down. Although in some plantations more than one main stem may be used, this practice
remains uncommon.

Formative pruning should begin at the nursery stage, where plants should be main-
tained with a single main stem, and should continue after planting. Until the support
structure height is reached, lateral cladodes emerging from the main stem should be re-
moved through thinning cuts (Figure 3a). When the uppermost cladode reaches the height
at which it should hang, two pruning operation can be applied: (i) a heading cut made
approximately 10–15 cm above the support structure, which promotes the emergence of
new cladodes below the cut (Figure 3b); or (ii) bending the portion of the cladode above the
support structure downward so that new cladodes emerge at the upper side of the bend,
which should likewise be guided to hang. Among the newly emerged cladodes, a selection
should be made of those that are well-distributed and oriented in multiple directions. The
number of cladodes chosen should be adjusted according to plant spacing and the training
system employed. Cladodes that are not selected should be completely removed through
thinning cuts (Figure 3c). New productive cladodes can be selected by choosing shoots
from the base of old productive cladodes, and their growth should be stimulated through a
reduction or drop-crotch cut (Figure 3d).

Figure 3. Types of cuts and pruning operations in pitaya. Red lines represent thinning cuts; purple
lines represent heading cuts; and yellow lines represent reduction or drop-crotch cuts. Formative
pruning: (a) removal, through thinning cuts, of cladodes that are not part of the desired structure;
(b) heading cut of the main cladode slightly above the support; (c) removal, by thinning cuts, of
shoots not selected to become productive cladodes. Maintenance pruning: (d) removal, by thinning
cuts, of cladodes that are neither structural nor productive; (e) selection of shoots at the base of
the productive cladodes after fruiting, to replace them in the following season, performed through
reduction (drop-crotch) cuts; and (f) removal of diseased cladodes through thinning cuts.

4.5.2. Maintenance Pruning

The main purpose of maintenance pruning is to preserve a balanced number of produc-
tive cladodes, ensuring that the canopy remains well-ventilated, adequately illuminated,
and free from excessive crowding. An excessive number of tangled cladodes negatively
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affects fruit size, resulting in smaller fruits compared to those produced under more open
canopies, without providing any increase in overall yield [74].

The main objectives of maintenance pruning in pitaya are as follows: (i) to control
excessive vegetative growth and prevent canopy overcrowding; (ii) to maintain a balanced
relationship between vegetative development and fruit production; (iii) to renew productive
cladodes by removing aged, unproductive, or poorly positioned ones (Figure 3f); (iv) to
improve light penetration and air circulation within the canopy, thereby reducing the risk
of pests and diseases; (v) to preserve the structural framework of the plant and maintain
the training system; (vi) to enhance flower induction and fruit set; and (vii) to improve fruit
quality and size by directing resources to well-positioned, well-sized cladodes.

Maintenance pruning should be carried out throughout the year with at least two
specific stages occurring during the production cycle. The first stage should take place
approximately two months before the first flowering flush, and the second stage should
begin about two weeks after harvest (Table 1).

Shoots emerging from productive cladodes should be removed to prevent unnecessary
sink organs from consuming photoassimilates. This type of pruning requires special atten-
tion in the period approximately two months before the first flowering flush. However,
if these new shoots have begun to grow during the current vegetative cycle and are well
positioned, they may serve as potential productive cladodes in the next cycle (Figure 3e).
Therefore, they should be retained, and the productive cladode should be removed later,
after fruiting (Figure 3d).

After harvest, the focus of pruning should be on the removing the oldest cladodes,
those with limited light exposure, and those that were highly productive during the
previous season.

Table 1. Summary of pitaya maintenance pruning operations according to timing in the
production cycle.

Pruning Time Pruning Operations

Before flowering
(two months prior)

• Removal of unproductive, weak, or poorly
positioned cladodes.

• Elimination of vegetative shoots from lateral buds.
• Selection of few well-positioned shoots to form future

production cladodes.
• Removal of cladodes affected by pests and/or diseases.

After harvest
(after two weeks)

• Removal of old, shaded cladodes as well as those that
have already exhibited high productivity.

• Reduction of canopy density to improve ventilation
and illumination.

• Selection of well-positioned shoots for the next cycle’s
productive cladodes.

Throughout the year
• Removal of shoots and young cladodes that are

unsuitable for developing into productive cladodes.
• Removal of cladodes affected by pests and/or diseases.

Throughout the year, any unproductive, poorly positioned, or weak cladodes should
be removed, as should any developing shoots that emerge on structural or productive
cladodes and will not be used in the future, for either structural or productive purposes
(Figure 3d). This includes those emerging on the main stem (Figure 3a). This operation
should be carried out as soon as possible after the shoots emerge.
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4.5.3. Floral Induction Pruning

Floral induction pruning is typically carried out before the floral induction period
(March–April) and involves the removal of the apical portion of productive cladodes that
are still developing, through a heading cut (often referred to as tipping). This specific cut
disrupts apical dominance, thereby stopping the apical growth of the cladode [75,76]. The
cut reduces the rate of sap circulation, causing its retention. Without this intervention, the
sap would otherwise remain in rapid circulation and be used for cladode growth [77]. The
retention of sap within the cladode promote flowering by stimulating reserve accumulation
in these cladodes, thereby promoting flowering, fruit set, and fruit quality [67].

4.6. Pruning Tools and Disinfection

The process of pruning entails the use of pruning shears, which can be manual or
electric. These tools are relatively inexpensive (with electric models being more costly) and
easy to maintain. However, they do require regular maintenance to ensure that the cutting
blade is sharp, the joints are adequately lubricated, and, for electric shears, the batteries
are properly charged. In thinning operations, when the cladodes to be removed are very
young (up to 5 cm long), they can simply be removed by pulling them out manually, with
the hand protected by a glove.

To prevent pathogen transmission between plants, pruning tools must be routinely
disinfected [78]. In nurseries, tools should be sanitised, ideally between each plant. In field
conditions, tools should be sanitised at least when moving between planting lines, plots,
or farms. Whenever healthy and diseased plants are present in the same plot or farm, the
healthy ones should be pruned first, with the diseased plants being pruned subsequently
and ensuring thorough disinfection afterward.

The employment of chemical products for the purpose of tool disinfection demands
specific precautions, making it essential to wear gloves, goggles, and, when indicated,
other personal protective equipment. Prior to the disinfection procedure, it is important
to remove debris, such as plant and soil residues from pruning tools, to ensure the disin-
fectant works effectively. Disinfectants can act either bacteriostatically or fungistatically
by inhibiting pathogen proliferation, or have a direct lethal action against fungi, bacteria,
and viruses [79]. Commonly used products include bleach, alcohols, chlorine dioxide, and
hypochlorites. Each of these products have a distinct set of advantages and limitations.
Bleach is inexpensive, widely available, and has a broad spectrum of action, including
viruses. However, it is corrosive to metal, requiring rinsing afterward and the use of lubri-
cant to protect tools. Alcohol is less corrosive and acts rapidly against bacteria and fungi,
although its effectiveness against viruses is limited [80].

4.7. Pruning Waste Management

Compared with other crops, the management of pitaya pruning residues requires
special care, as cladodes can easily take root when in contact with soil. In soil-based
plantations, cladodes can be left to dry before being shredded and incorporated into the
inter-row area (Figure 4a,b). In soilless systems, the disposal of cladodes must be carried
out responsibly, as improper discard in the environment can lead to unwanted rooting.

Diseased cladodes also require careful disposal; they should not be incorporated
into the soil without prior treatment. One possible solution is to compost the cladodes
together with other agricultural residues [81], which are often available on the farm or from
neighbouring farms [82]. This approach can be applied both in soil-based plantations and
in soilless production systems, allowing the resulting compost to be reused as mulch within
the rows or as an organic amendment in the inter-rows of pitaya plantations, as well as in
other plantations, or even vegetable gardens. When applied to the soil, compost increases
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soil organic matter content and contributes to long-term soil fertility [83]. Composting
offers yet another important advantage for the sustainable management of pitaya pruning
waste, as it can eliminate pathogens through the heat generated during the process or via
biological control by antagonistic microorganisms that develop in the compost [84,85].

Figure 4. Pruning waste management in a protected pitaya production system using the shredding
of pruning residues: (a) pruned cladodes placed in the inter-rows for drying and (b) cladodes after
drying and shredding (Tenerife, Spain).

5. Soil Management
Weed control remains one of the main challenges in irrigated plantations. This is par-

ticularly true for open-field pitaya cultivation, where effective soil management is essential
for maintaining productivity [86]. Pitaya provides limited shade of the soil surface, which
in turn enhances soil warming and promotes weed seed germination and growth. Further-
more, as both pitaya and most weed species have relatively shallow root systems [87,88],
there may be intense competition for water and nutrients in the upper soil layers.

Besides chemical control and manual control, which, although effective, is highly time-
consuming and labour-intensive [89], several other strategies can be used for weed control:
(i) cover crops; (ii) mulching; and (iii) livestock integration. These approaches provide
multiple agroecosystem benefits, such as improving soil quality and fertility, enhancing
nutrient cycling, increasing soil water retention, and offering protection against soil erosion,
among others.

5.1. Cover Crops

In Brazil, it is common practice in open-field pitaya plantations to sow forage peanuts
(Arachis pintoi Krapov. & W.C.Greg) alongside grass species such as Brachiaria spp. and
Avena strigosa L. (black oat) [90]. This cover crops effectively suppresses weeds while
simultaneously enhancing nitrogen fixation and biomass accumulation. After the living
cover is mechanically mowed, the resulting biomass is typically left on the soil surface as
mulch or incorporated into the soil, further contributing to organic matter enrichment and
improved soil fertility. However, this approach has not yet been so widely implemented

https://doi.org/10.3390/plants15050807

https://doi.org/10.3390/plants15050807


Plants 2026, 15, 807 15 of 35

on large-scale commercial pitaya production systems in Mediterranean countries, being
predominantly practiced within smallholder contexts (Figure 5a). The introduction of other
legume species with either similar or different growth habits and greater adaptation to
local soils and climate, such as faba bean (Vicia faba) or hyacinth bean (Lablab purpureus),
could represent a viable alternative, especially in open-field growing situations. Notably,
some of these species are already used as cover crops specially in organically managed
citrus orchards, suggesting their potential success in pitaya cultivation. However, while
living covers actively contribute to soil fertility and ecosystem balance [91], their success
requires careful management, particularly under water-limited conditions [92].

Figure 5. Soil management strategies: (a) early development of faba bean (Vicia faba) used as a cover
crop in the planting row; (b) mulching with grass clippings and garden pruning residues; (c) black
polyethylene screen used as mulching; (d) livestock (ducks) integration; and (e) soil six months after
livestock integration.

5.2. Mulching

Mulching can be implemented using two main categories of materials: (i) organic
materials, such as plant residues and other organic matter (Figure 5b), and (ii) synthetic
material, such as weed-control fabrics (Figure 5c). Compared to cover crops, mulching
provides a more passive yet highly efficient strategy for achieving similar agronomic objec-
tives and may be preferred in situations where a simpler, low-maintenance management
option is desired. It is widely recognised as an effective and practical strategy to control
weeds, while also retaining soil moisture, reducing surface evaporation, and moderating
soil temperature [93]. Organic mulching is becoming increasingly relevant in the context
of global efforts to enhance water-use efficiency in agriculture, particularly as it can be
implemented using a wide range of organic by-products, thereby promoting the circular
utilisation of agricultural residues [34,67]. Organic mulch also enhances soil fertility and
biological activity by improving nutrient cycling, stimulating soil enzymatic processes, and
fostering diverse and active microbial communities [94], in addition to contributing to soil
carbon sequestration [45]. These positive outcomes are closely linked to the accumulation
of organic matter in the soil [95], a factor of particular significance in Mediterranean regions,
where low levels of soil organic carbon are a common limitation to fertility and long-term
productivity [96,97].

Besides organic mulching, synthetic materials, such as black polyethylene screens,
are widely used, particularly in intensive or protected cultivation systems. This plastic
film is a more durable, low-maintenance alternative to mulch and is one of the most
effective methods of weed suppression in fruit crops, as it virtually eliminates weed
growth [98]. Consequently, the need for chemical or mechanical weed control methods
is greatly reduced. This practice can also improve plant health, enhance nutrient uptake
efficiency, decrease water demand [99] and promote vigorous vegetative growth [100].
However, continuous long-term use of plastic screens in the long term may limit soil
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aeration and microbial activity, reducing soil fertility and biological health. This is due to
the physical barrier preventing the incorporation of organic residues that would otherwise
contribute to soil renewal. In hot climates, excessive soil heating beneath the screen can
also cause root stress, particularly in crops with shallow roots, such as pitaya. Polyethylene
is non-biodegradable, and its incorrect disposal or recycling can contribute to plastic
and microplastic pollution [101,102], negatively impacting the environment and human
health [103,104] as well as increasing labour and material costs.

5.3. Integration of Livestock

Although not as common as other practices, the integration of livestock into soil
management represents a sustainable way to control weeds and cycle nutrients. This ap-
proach reduces the need for external inputs, including chemical, organic and biological
fertilisers. In fact, many organic and biological-based fertilisers are themselves derived
from recycled plant and animal by-products [105], aligning with the concept of a “cir-
cular nutrient economy”. This concept involves recycling and reintegrating agricultural
residues back into production systems [106], thereby reducing dependence on finite mineral
resources and promoting more sustainable nutrient management. In pitaya plantations,
integrating poultry species, such as chickens and ducks (Figure 5d), offers a promising
agroecological strategy that combines weed control and soil improvement [107]. Allowing
these animals to forage on spontaneous vegetation can substantially reduce weed pressure,
either by consuming herbaceous species or by trampling them (Figure 5e). This practice
reduces labour requirements and minimises or even eliminates the need for mechanical or
chemical weed control. Their natural behaviour of scratching and grazing disturbs weed
seedlings, while the manure they deposit enriches the soil with nitrogen, phosphorus, and
micronutrients [108], increasing nutrient cycling.

To ensure this practice is effective in the long term, careful management of stock-
ing density, grazing duration and seasonal timing is required. High stocking densities of
poultry can lead to soil compaction and damage to the shallow roots of pitayas, whereas
rotational or low-density grazing maximises agronomic benefits without compromising the
structure of plantation. Stocking densities should be adjusted according to both manage-
ment objectives and the seasonal growth cycles of weeds and the main crop. Poultry-based
weed control tends to be most effective at certain times of the year, particularly after rainfall,
when young weeds are more palatable. In newly established plantations, poultry may break
or peck at tender cladodes. In such cases, physical protection or temporary exclusion is
recommended. During the fruiting period, overgrazing should be avoided as, once weeds
have been suppressed, the animals may turn their attention to the ripe fruits. Furthermore,
the direct contact with the soil can increases the risk of zoonotic pathogens or parasites,
making animal health and hygiene essential prerequisites for using poultry.

Poultry can also help to control small invertebrate pests, such as snails, which can
damage young cladodes. Moreover, they can enhance functional biodiversity by attracting
beneficial insects and supporting biogeochemical cycling. In the long term, continuous
grazing by poultry helps to reduce populations of herbicide-resistant weeds by limiting seed
production and reducing the selective pressure exerted by persistent species. In addition,
poultry can complement living cover systems by controlling excess biomass and stimulating
nutrient cycling [92] without fully removing soil vegetation. As well as providing these
ecosystem and agronomic services, poultry can also generate valuable products, such as
eggs and meat. This can diversify farm income, particularly for smallholders, and on the
other hand can be more eco-efficient, particularly if efficient farming practices, local feed
sourcing, and effective nutrient recycling are ensured [109].
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This alternative form of soil management aligns with the principles of integrated plan-
tation management by harnessing natural ecological synergies. It is also compatible with
integrated crop–livestock systems, which combine cultivation and livestock production
to optimise the use of space and time [110,111]. In Mediterranean and semi-arid regions,
such integration offers an effective means of optimising the use of key local resources, such
as water, thereby enhancing land use efficiency and productivity and contributing to the
long-term conservation of soils and agroecosystems [112].

6. Irrigation
The CAM metabolism of this crop results in higher water-use efficiency compared to

C3 plants [88,113,114]. Whereas C3 plants typically lose approximately 600 H2O molecules
per fixed CO2 molecule, CAM plants lose only about 10 H2O molecules per molecule
of CO2 assimilated [94,95]. An additional advantage is the lower stomatal frequency in
CAM plants, approximately 2500 stomata per cm2 compared to 20,000 stomata per cm2

in C3 plants [115]. In addition to CAM metabolism, this crop stores water in its cladodes,
maintaining physiological activity during extended droughts [116,117]. The absence of
true leaves and the presence of a waxy surface (in some cultivars) reduce transpiration
and reflect solar radiation, thereby enabling survival during prolonged periods of high
temperature and limited water availability [118].

Despite all these water-saving mechanisms, pitaya typically grows in semi-humid
tropical forests, where the annual rainfall varies between 1700 and 2540 mm [60]. In the
Iberian Peninsula the precipitation regime differs, with rainfall (500–700 mm) concen-
trated in the cold seasons (autumn and winter) and dry conditions during the warm
seasons (spring and summer) leading to a high-water vapour pressure deficit in the atmo-
sphere [119,120]. Therefore, cultivating this crop in the Mediterranean requires irrigation to
offset crop evapotranspiration, which cannot be sustained by the prevailing environmental
conditions [121]. This makes irrigation indispensable for sustaining growth, flowering, fruit
quality and achieving commercially viable yields [122]. Even so, much less water is used to
irrigate pitaya plants than most other fruit crops [123]. In a scenario of water scarcity where
it may be necessary to suspend irrigation for extended periods, pitaya is able to survive,
although its production is reduced. Therefore, implementing this crop on a farm alongside
other crops can allow the grower to better adapt their water management strategy in case
water supply is limited.

As pitaya cultivation does not generally require irrigation in its native environment
and is a relatively recent crop in Mediterranean agriculture, information regarding its water
requirements remains limited. One of the few quantitative studies on pitaya irrigation
reported that, under the arid conditions of Israel, pitaya requires approximately 1200 to
1600 m3 ha−1 yr−1 of water to sustain yields ranging from 30 to 40 t ha−1 [88]. Based
on these values, the crop’s water productivity (WP) can be estimated at about 25 kg
m−3. In contrast, C3 fruit crops such as avocado and citrus, cultivated under the same
arid conditions of the Negev Desert, exhibit considerably lower WP values, averaging
approximately 1.6 kg m−3 for avocado and 5.2 kg m−3 for citrus. These differences highlight
the remarkably higher water-use efficiency (WUE) of pitaya and suggest that similar
patterns are likely to occur in other Mediterranean regions. Nevertheless, due to the current
lack of standardised irrigation guidelines tailored to Mediterranean conditions, site-specific
water requirements should be estimated following the FAO56 methodology. This approach
integrates local reference evapotranspiration (ET0) with the appropriate crop coefficient
(Kc) [124] to calculate crop evapotranspiration (ETc), thereby providing an accurate estimate
of the crop’s actual water demand. ETc-based irrigation scheduling can then be adjusted
to local agronomic conditions, including plant height, canopy density, training system,
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and soil cover. Despite this, Kc values for pitaya have not yet been standardised for
different environmental and management contexts. Existing references remain limited to a
few recommendations, suggesting that Kc values may range from 0.6 to 0.9 for planting
densities above 2,000 plants per hectare [125]. Field-based determinations further indicate
that, in young pitaya plantations (<3 years old), Kc may vary between 0.45 and 0.71,
depending on growth stages [126,127]. However, these values were obtained under highly
specific experimental conditions and therefore do not accurately reflect the diversity of
management practices currently adopted in commercial production systems.

Regarding water quality, several studies evaluating the response of pitaya to saline
conditions suggest that it exhibits low to moderate salinity tolerance, particularly during
the early stages of development. Some authors found that irrigating young S. undatus plants
with water ranging from 0 to 4 dS m−1 resulted in substantial reductions in shoot and root
growth above 2 dS m−1, as well as approximately 50% plant mortality at 4 dS m−1 [128].
Similar results were observed when irrigation water at 5 dS m−1 caused pronounced de-
creases in root length and secondary cladode formation [129]. Germination and seedling
development studies [105] have shown that salinity levels above 2.0–2.5 dS m−1 markedly
reduce germination rates and early biomass accumulation, further corroborating the species’
pronounced sensitivity to salt stress [130]. Under salt stress conditions, red pitaya plants
increase their levels of proline, amino acids and total sugars [131], reflecting typical osmotic
adjustment responses that help mitigate cellular damage, as reported in other species [132].
Taken together, these findings suggest that, although mature, field-grown plants may toler-
ate slightly higher salinity levels under certain environmental and management conditions,
a conservative irrigation water threshold of 1.5–2.0 dS m−1 should be considered until
region-specific studies establish localised guidelines for Mediterranean plantations.

In Mediterranean conditions, localised irrigation systems, such as drip irrigation, are
the most suitable, ensuring precise water application and allowing fertigation. Combining
drip irrigation with mulching techniques can increase water-use efficiency further, as
mulching material can minimise water loss through evaporation. It is recommended to
maintain moderate and consistent soil moisture, avoiding both extended drought and
waterlogging. In fact, as with other subtropical fruit species, such as avocado, pitaya is
extremely sensitive to waterlogging. Excessive irrigation or inadequate soil drainage greatly
increases the risk of fungal diseases, particularly Phytophthora and Fusarium [73], and raises
the likelihood of flower bud and young fruit abscission. Based on the current evidence,
pitaya is one of the most water-efficient subtropical fruit crops suitable for Mediterranean
agriculture. However, establishing region-specific irrigation requirements and salinity
tolerance limits remains a priority for future research.

7. Fertilisation and Plant Nutrition
The high adaptability of pitaya to various growing conditions allows the use of soils

less suitable for more demanding crops such as other traditional fruit plants. In its natural
environment, pitaya is considered undemanding in terms of soil fertility and has low
macronutrient requirements. In this situation, these plants, which have an accentuated
vegetative vigour and are not pruned, survive and grow quite well, but fruiting is not very
common. These are plants that respond very positively to fertilisation and water availability
when cultivated commercially. They benefit significantly in terms of productivity from the
incorporation of organic matter into the soil and from a balanced fertilisation plan adapted
to each phase of the cycle [133].

Sustainable nutrient management in pitaya requires an integrated approach that
balances mineral fertilisation with organic amendments to maintain soil health, and long-
term productivity [134] integration of soil chemical analysis with the nutritional monitoring
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of shoots (cladodes) enables a transition from generic fertilisation to precision management,
which is essential for the economic viability of pitaya cultivation.

The pitaya nutrient requirements are highly age-dependent and vary by species, with
different requirements at different life stages. Nitrogen (N), phosphorus (P), and potassium
(K) are the primary drivers of growth and yield, with K being particularly critical for
enhancing fruit quality, sugar content, and post-harvest shelf life [135,136]. The nutrient
absorption rate of the Selenicereus undatus (Haw.) species was studied under greenhouse
conditions. After one year of cultivation, nutrient accumulation in the aerial part (cladodes)
followed a descending order for macronutrients: K > calcium (Ca) > N > magnesium (Mg)
= P > sulphur (S). For micronutrients, the order was as follows: zinc (Zn) > manganese (Mn)
> iron (Fe) > boron (B) > copper (Cu). Regarding nutrient export by the fruits, the order
was K > N > P = Mg > Ca > S > Zn > B > Fe > Mn > Cu or K > N > P > Ca > Mg > and Mn
> Fe > Cu > Zn > B [137]. Furthermore, the timing of application is critical for optimising
fruit quality and export. The highest requirements for P, K, Ca, Mn and B occurred between
180 and 240 days after planting, while N, Mg and S were higher between 120 and 180 days.
Furthermore, Zn demand was highest between 300 and 360 days, whereas Cu and Fe
requirements remained constant throughout the experiment [138,139].

Fertilisation strategies must consider the plant’s unique CAM physiology, which often
results in a slower response to N application than is seen with other cacti. The latter require
approximately 12–13 weeks to increase net CO2 uptake [117]. Stem N levels increased to
0.9% when 0.16 mM N was applied, rising to 2.5% as the concentration increased to 16 mM
N [117]. The chlorophyll content per unit area also increased substantially from 0.30 to
0.63 g m−2, in the presence of 16 mM N [117]. Based on these results, it was suggested
that using an optimal ratio of N-P-K-Mg, such as 9.6: 4.8: 17.6: 2.4, in combination with
organic compost could promote healthy plant growth and prevent physiological disorders
like fruit splitting.

In S. undatus and S. monacanthus, K application resulted in higher crop yields and
improved fruit quality. The estimated K dose required to maximise fruit production in
these two species was 120 g K2O per plant in the first year, increasing to 200 g K2O in the
second and third years, alongside a fixed nitrogen dose of 100 g N per plant [140].

A strategic approach to fertilising with N and K improves the nutritional and sensory
profile of the fruit and mitigates the fertility constraints of limestone-rich agricultural areas.
Research by Chen et al. [141] shows that NK synergy can significantly boost fruit nutrient
concentrations, raising N, P and K levels by 33.7%, 31.3% and 35.5%, respectively, while
optimising the absorption of Mg, Zn and Se in S. undatus cultivation. K plays a pivotal
role in determining fruit quality by increasing soluble sugar levels and the sugar-to-acid
ratio, thereby reducing titratable acidity. However, balanced management is essential, as
excessive K can hinder the absorption of Ca and Mg.

Soil liming, fertigation, or foliar application with silicon (Si) can help to control fungal
diseases in pitaya plants. A study in Malaysia [142] found that plants that received 5.0 mL
of Si per litre applied to the soil showed lower disease incidence and severity, as well
as greater Si accumulation in cladodes and fruits. Therefore, Si application could be an
effective alternative in the management of pitaya diseases, while improving fruit production
and mitigating the effects of abiotic stress. This practice produces low levels of chemical
residue in the fruit and reduces environmental pollution caused by intensive application
of fungicides.

Furthermore, precise micronutrient supplementation, especially boron (B) and calcium
(Ca), is fundamental for reproductive success and fruit structural integrity. B is essential for
pollen tube germination and fertilisation, directly impacting fruit set and size, while Ca
plays a vital role in cell wall stability and reducing physiological disorders. According to
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Sahu et al. [143], foliar application of 300 mg L−1 of B to 7-day-old flower buds maximises
pollen germinability, fruit weight, and pulp firmness in S. monacanthus. These improve-
ments are driven by the upregulation of carbohydrate-metabolising enzymes (invertase and
sucrose synthase) and the simultaneous inhibition of cell wall-degrading enzymes (cellulase
and polygalacturonase), which preserves the fruit’s structural integrity. Furthermore, this
treatment significantly enhances the nutritional and bioactive profile of the fruit, increasing
the levels of total soluble solids, protein, and ascorbic acid, betacyanin, and flavonoids.
Such findings highlight the importance of B supplementation in optimising dragon fruit
quality, particularly in nutrient-deficient acidic soils.

While N promotes healthy canopy growth, P and K are essential for floral induction
and bud development. They also enhance nectar quality, attracting nocturnal pollinators of
Selenicereus spp. [144]. Furthermore, mineral nutrition interacts with photoperiodic and
temperature regulations to determine the flowering season’s duration and the intensity of
multiple flowering flushes (4–7 per year). Therefore, implementing integrated agronomic
techniques, including optimised fertilisation schedules, is vital to ensure high floral anthesis
rates and minimise flower abscission in commercial plantations [144].

Additionally, the incorporation of organic fertilisers, such as well-decomposed manure
or compost, improves soil structure and water-holding capacity and enhances the bioavail-
ability of essential micronutrients [134]. Recent findings also indicate that organic compost
and sheep manure attenuate the harmful effects of salinity on red pitaya seedlings [131].

As expected, a moderate to strong positive correlation was observed between soil
and shoot nutrient levels and the final concentrations of nitrogen (N), phosphorus (P), and
potassium (K) in the fruit pulp, based on experiments conducted in twenty S. costaricensis
plantations [145].

Recent research [134] highlights the effectiveness of high tunnel systems and or-
ganic amendments in optimising the growth and nutritional profile of various pitaya
species. Under high tunnel conditions, Selenicereus species (particularly the yellow
pitaya) demonstrated higher survival rates and an absence of disease compared to
open-field cultivation, which suffered from fungal and bacterial infections. By 365 days
after plantation, the order of nutrient accumulation in the shoots was as follows:
K > Ca > N > Mg > P > S > Fe > Zn > B > Mn, with plants grown in high tunnels show-
ing significantly higher concentrations of N, K and Fe. Furthermore, this study suggests
that an application rate of 25 t ha−1 of vermicompost is optimal for enhancing soil fertility
and nutrient solubility, while avoiding the salinity stress and nutrient antagonism observed
at higher doses. Spectral reflectance analysis confirmed these findings: plants treated with
the correct organic rates exhibited increased near-infrared (NIR) reflectance, which is a
key indicator of improved leaf structure and higher chlorophyll content. These results
highlight the importance of species-specific fertilisation strategies combined with protected
cultivation environments for maximising the sustainable productivity and nutrient density
of the fruit.

According to Mizrahi [51], the stomata on the surface of the fruit also function via
the CAM pathway, influencing transpiration and post-harvest shelf life. Based on this,
plant growth regulators can complement mineral nutrition: for example, while gibberellic
acid (GA3) delays flowering, cytokinins can induce it. These findings emphasise that
successful fertilisation depends not only on nutrient supply but also on an understanding
of shallow root physiology and how plants respond to environmental conditions through
their hormones.
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8. Floral Induction Techniques
8.1. Fundamental Factors Affecting Floral Induction

Flower induction in pitaya is strongly influenced by environmental conditions, the
physiological status of the cladodes, and the cultural practices applied throughout the
production cycle. Although this topic was recently reviewed by Dhiman et al. [144], most of
the available knowledge derives from studies conducted in tropical and subtropical regions.
These conditions differ markedly from those found in the Mediterranean, particularly with
respect to temperature, solar radiation, and photoperiod. As pitaya cultivation expands
across the Iberian Peninsula, a comprehensive understanding of the mechanisms underly-
ing floral induction, as well as the identification of effective strategies to optimise flowering,
becomes essential to ensure consistent yields and economically viable production.

Together, photoperiod, temperature, and light availability determine the environmen-
tal window in which pitaya can flower. However, the transition of a cladode to reproductive
growth also depends on its physiological status, creating an important interaction between
external cues and internal capacity.

Pitaya produces flowers only on cladodes that have reached adequate developmental
maturity, which typically occurs when they are 8–12 months old. However, this timeframe
is strongly affected by management practices and growing conditions. In protected cul-
tivation, where continuous vegetative growth is sustained throughout the year, young
cladodes can initiate their first flowering, albeit with lower floral potential, if environmental
conditions are suitable and the cladodes are sufficiently mature [146].

For successful induction, cladodes must also display sufficient physiological compe-
tency. This means they must be structurally robust and free from biotic (pests, diseases) and
abiotic (sunburn, dehydration) stresses and injuries. They must also possess a functional
vascular connection to the main stem. A key factor in this physiological competence is the
accumulation of carbohydrate reserves, since mature cladodes function simultaneously as
both photosynthetic organs and as storage tissues. Adequate reserves, particularly starch,
which represents the primary carbon storage form in pitaya [147], are essential for meet-
ing the energetic demands of floral initiation, bud development, and subsequent fruit
growth. The transition from vegetative to reproductive development is therefore closely
linked to the carbon–nitrogen (C/N) balance within the cladode [148]. High nitrogen avail-
ability favours vegetative expansion and delays flowering [149], whereas greater carbon
accumulation, along with associated changes in sugars and hormone distribution, promotes
reproductive differentiation [150]. Therefore, even when external environmental conditions
are favourable, flowering will only occur when cladodes have accumulated sufficient car-
bon reserves and have reached a metabolic state conducive to reproductive development.

Finally, position and cladode size are important factors: cladodes located in well-
illuminated sections of the plant show greater floral potential, reflecting higher rates of
carbon assimilation compared to shaded or internal cladodes. Cladode size is also a relevant
predictor of reproductive capacity: larger, thicker cladodes (typically identifiable by their
more intense green colouring) have greater storage of carbohydrates and water, supporting
the energetic demands of flower and fruit development. Very thin, small, or newly formed
cladodes usually remain strictly vegetative. Growers should prioritise maintaining and
developing well-formed cladodes measuring 40–60 cm, since cladodes within this size
range show the highest probability of flowering and produce a greater number of fruits
per cladode [151]. In contrast, the cladodes measuring 20 cm or less should be removed, as
they have a markedly reduced likelihood of flowering and produce inferior quality fruit
when they do flower [152].
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8.2. Photoperiod Manipulation

Pitaya flower induction is influenced by daylight length [153] and occurs under
long-day conditions, when the photoperiod approaches or exceeds a critical threshold of
around 12 h [154,155]. The progressive increase in daylight hours during late spring in
the Northern Hemisphere contributes to floral induction, but this is rarely sufficient on
its own since the effect of the photoperiod depends heavily on the temperature [62,156].
Pitaya grows best at temperatures between 18 and 26 ◦C, although it can tolerate wider
range of 14 to 35 ◦C [7,157]. However, night-time temperature plays a decisive role: floral
differentiation only occurs when minimum temperatures consistently exceed 15 ◦C [158]. In
Mediterranean climates, these limits are usually only reached at the beginning of summer,
shifting natural flowering to late June or July (depending on the specific requirements of
the cultivars) and consequently placing the harvest period between late July and December.
Conversely, prolonged exposure to daytime temperatures above 38 ◦C can inhibit floral
induction and promote bud abscission, thereby impairing fruit set [159,160].

Light intensity also plays an important role. The daily light integral (DLI), which is de-
fined as the total amount of photosynthetically active radiation (PAR, 400–700 nm) received
per day (mol m−2 day−1), has a direct influence on the accumulation of carbohydrate re-
serves in the cladodes. In pitaya, a minimum DLI of approximately 12 mol PAR m−2 day−1)
is required for commercially viable yields [157]. Adequate solar radiation increases photo-
synthetic activity, enhancing carbohydrate accumulation in the cladodes. These carbohy-
drate reserves are essential for supporting the transition from vegetative to reproductive
growth, as well as for promoting the initiation of flowering [161]. By contrast, subopti-
mal light conditions, whether resulting from prolonged cloud cover or excessive shading,
reduce the availability of photoassimilates [162], leading plants to maintain vegetative
growth and potentially delaying, reducing or even suppressing flowering. Therefore, the
transition from vegetative to reproductive growth is promoted by a moderate thermal
amplitude, stable warm temperatures and an increase in day length.

In the Mediterranean climate, winter flowering is not possible due to the low tem-
peratures and short days characteristic of this season. The use of supplemental lighting
has been explored as a strategy to extend the flowering season and, therefore, sustain
high-value fruit production over a longer period [163,164]. Artificial illumination can be
implemented through two main approaches: (1) day-length extension, which increases
the total duration of light exposure, and (2) night-break (NB) lighting, which temporarily
interrupts the continuous dark period [165].

Studies have shown mixed results regarding the efficacy of photoperiod extension
on pitaya flowering. Trials conducted in Israel, using high-intensity lamps, showed that
day-length extension alone was insufficient to induce flowering [166]. In contrast, research
from Taiwan [167] demonstrated that NB treatments of 4–6 h induced excessive off-season
flowering, making flower bud thinning necessary. To limit labour costs and ensure high fruit
quality, floral bud density was maintained below 50% of the plant’s flowering capacity. A
1 h night interruption achieved this threshold within five weeks in autumn, while in spring,
bud thinning enhanced plant responsiveness to a 4 h night-interruption regime applied over
four weeks from mid-February, resulting in the earliest fruit harvests. Both experiments
were conducted prior to the natural production season and tended to be less effective at
higher latitudes with colder winters, since temperature is a critical factor in the regulation
of pitaya flowering. Additional evidence [168] indicates that supplementary lighting is
only effective when minimum air temperature remains above 15 degrees, reinforcing once
again the central role of temperature in the pitaya induction flowering process regulation.
Consequently, in Mediterranean regions, the use of photoperiod manipulation to advance
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or extend the production season is likely to be more effective under protected cultivation
systems, where both temperature and light conditions can be controlled.

8.3. Temperature Manipulation (Protected Cultivation)

Protected cultivation provides significantly more favourable conditions for floral in-
duction than open-field environments do. The stable thermal regime inside greenhouses
or tunnels reduces temperature fluctuations, enabling the minimum night-time tempera-
tures required for flowering to be reached earlier in the season. This allows the induction
process to proceed uninterrupted, thus anticipating the onset of flowering and ensuring
higher productivity, especially for cultivars with lower light requirements. Consequently,
protected systems can extend the flowering and fruiting periods, enabling earlier and later
harvests than would be possible outdoors. Extending the production window contributes
to greater production consistency and can ultimately increase total yield. However, high
summer temperatures (around 38 ◦C) can inhibit flowering [169]. Since such temperatures
are easily exceeded in protected environments, adequate greenhouse ventilation during the
summer months is essential to prevent this inhibition.

8.4. Water Stress—Regulated Deficit Irrigation

In many tropical and subtropical fruit species, severe or prolonged water stress sup-
presses floral induction. Conversely, mild or transient stress, such as a temporary reduction
in water availability, can redirect assimilates, increase soluble sugar concentrations, and
trigger hormonal signals associated with the transition to reproductive growth [170]. Regu-
lated deficit irrigation (RDI), which involves deliberately reducing water supply during
specific phenological stages at which mild water stress can be tolerated without compro-
mising yield or fruit quality, is a widely adopted technique in several fruit crops [171–173].
RDI can be implemented to save water whilst simultaneously increasing water productivity
(more fruit per unit of water used) [174]. This approach also provides greater control over
vegetative growth, yield, and fruit size [175].

In the case of pitaya, RDI may offer analogous benefits, particularly given its CAM
metabolism, which confers a natural ability to withstand short periods of moderate
drought [176,177]. The way pitaya responds physiologically to short-term water deficit
provides important insights for irrigation management. According to [177], S. undatus
maintains a relatively stable stem water status during short-term drought due to its high
water-storage capacity. During these periods, cladodes show a gradual decline in water
potential yet retain turgor, allowing nocturnal CO2 uptake to continue. Once irrigation is
restored, both water status and CO2 assimilation recover rapidly, demonstrating the plant’s
remarkable resilience and minimal physiological impairment. These traits are particularly
advantageous in Mediterranean environments, where rainfall is irregular and summer
water availability can be limited, reinforcing the potential of pitaya to sustain production
under reduced or pulsed irrigation regimes.

Nevertheless, applying RDI to this crop can be more complex. This is attributed to the
fact that flowering and fruiting phases frequently overlap during the production season.
Reducing irrigation during the pre-flowering period may therefore coincide with stages
of fruit enlargement and ripening. Adequate water supply is essential during this stage
to maintain fruit size and quality. Therefore, the effective implementation of RDI requires
precise timing and should ideally be restricted to the primary floral induction window only,
when water restriction may stimulate reproductive signalling without compromising fruit
development. Recent molecular findings further support this strategy: a FLOWERING
bHLH (FBH) transcription factor, HpbHLH70, was identified in S. polyrhizus as being
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drought-responsive and acting as an accelerator of floral bud induction under water-deficit
conditions [153].

Despite its potential, no controlled studies have yet investigated optimal deficit levels
or timings for pitaya. This represents an important research gap and an opportunity to
develop irrigation strategies aimed at improving water-use efficiency.

8.5. Plant Growth Regulators

Plant growth regulators (PGRs) have been investigated as potential tools to manipulate
floral induction in pitaya [178], although their effectiveness appears to be strongly cultivar-
dependent and is generally less reliable than environmental cues. Giberellins (GA3, GA4/7)
typically suppress flowering by promoting vegetative growth, whereas cytokinins (such
as 6-benzyladenine and the synthetic cytokinin forchlorfenuron [CPPU; N-(2-chloro-4-
pyridinyl)-N′-phenylurea]) enhance floral differentiation when applied prior to the natural
induction period. In S. undatus and S. megalanthus, CPPU advances flowering, and in S.
undatus it also increases the total number of flowers, while GA3 delays flowering and
reduces floral yield [166].

Despite this physiological basis, the use of PGRs for flower induction in pitaya remains
experimental, and there are no validated, standardised protocols for commercial production.
As pitaya cultivation expands into Mediterranean regions, well-designed studies are still
needed to determine the optimal timing and dosage of PGRs, as well as their cultivar-
specific responses, in order to assess their practical applicability.

9. Supplementary Manual Pollination
Pollination is considered one of the most challenging horticultural constraints in pitaya

production. In its regions of origin, natural pollination is primarily mediated by nocturnal
and diurnal pollinators [144,179]. However, on commercial plantations, the activity of these
pollinators is reduced due to habitat fragmentation, resulting in a lower abundance of
nocturnal pollinators than in intact ecosystems [180,181]. Additionally, the effectiveness
of these agents may be compromised by the heavy rainfall during the flowering period,
which can remove pollen from floral structures or induce flower abscission. Furthermore,
evidence suggests that both pollen origin and pollen load significantly influence crop
productivity and fruit quality [182]. Insufficient pollination frequently results in smaller
fruit due to scarce ovule fertilisation, even when fruit set occurs [160]. Several studies in
different environmental conditions [38,183] report that most cultivated pitaya genotypes
exhibit low fruit development due to self-incompatibility [184], making cross-pollination
necessary [185,186]. Morphological characteristics of the flower, such as its size and the clear
spatial separation (>2 cm) between male and female organs (herkogamy), reduce the like-
lihood of contact between reproductive structures, thereby limiting self-pollination [187].
This has been verified in two of the most important cultivars in Iberian commercial planta-
tions: S. undatus and S. costaricencis. Conversely, this same trait facilitates supplementary
manual pollination, which is a common and often necessary practice [188], with the aim of
obtaining higher yields and improving fruit quality [189,190].

In the Iberian production regions, natural pollination is presumably limited, with
constraints remaining present in terms of self-incompatibility and floral morphology [191].
Previous studies [7] indicate that honeybees (Apis mellifera) are the most frequent and
efficient diurnal pollinators of pitaya in this region. However, supplementary manual
pollination has become a routine and structural practice among farmers, as it eliminates
the risks associated with natural pollination and limitations of self-incompatibility [144],
despite the increased labour costs involved. This practice involves manually collecting
pollen from the stamens and depositing it directly onto the stigma. Several methods of
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pollen collection can be used. The most traditional approach consists of gently shaking
the flower over a container to collect the released pollen, followed by transferring any
pollen adhering to the petals into the same container. Another alternative involves the
use of small battery-operated vacuum devices. Manual pollination is considered complete
when pollen is successfully placed on the stigma, ensuring a higher pollen load than with
natural pollination.

In southern Portugal and Spain, pitaya flowers typically reach anthesis at around
11 p.m. during the peak flowering period. [7]. To maximise pollen viability and stigma
receptivity, supplementary manual pollination is recommended during or shortly after this
period. However, studies report no significant differences between pollination conducted at
night and in the early morning. According to Andrade et al. [192], pollen collected at night
or in the early morning from S. undatus and S. monacanthus exhibited high germination
capacity. This demonstrates that pollen remains viable throughout anthesis and even during
pre-anthesis, enabling successful ovule fertilisation.

Although supplementary manual pollination is effective, several external factors must
be considered, particularly the cultivation system and prevailing weather conditions. In
open-field production systems, for example, strong nocturnal winds at night can blow
pollen out of the flowers, reducing pollination efficiency. Windy conditions also hinder
pollen collection and may reduce the amount of pollen available to bees in the early
morning. Therefore, when windy nights are anticipated, pollen should be collected as
early as possible. Another preventive strategy is to collect surplus pollen and store it in a
refrigerator. When stored properly, pitaya pollen can remain viable for up to five days at
4 ◦C [193] and can be used for subsequent pollinations. For long-term storage of up to nine
months, cryopreservation in liquid nitrogen at −196 ◦C preserves pollen viability and has
been associated with an increase in fruit size [144,194].

Manual pollination has become a routine component of pitaya plantation management
in the Iberian context, rather than a supplementary or occasional practice. Its integration
with cultivar selection, plantation design, and labour organisation is essential to ensuring
the economic viability of commercial production.

10. Bibliometric Analysis
A bibliometric analysis was conducted to identify research patterns and emerging

trends related to cultural practices in pitaya cultivation. The analysis was performed using
VOSviewer software (version 1.6.20) to visualise the co-occurrence of keywords extracted
from the titles, abstracts and author keywords of scientific publications indexed in the
Scopus database. The search covered the period up to 2025, with the earliest records dating
back to 1995.

The search strategy applied was as follows: (“Pitaya” OR “Dragon Fruit”) AND (“Cul-
tural” OR “Agronomic” OR “Cultivation” OR “Practices”) AND NOT (“fungicides” OR “pests”
OR “diseases” OR “processing”). This search was conducted on 3 January 2026 and yielded
a total of 189 relevant documents from multidisciplinary research areas, with a strong
emphasis on Agricultural and Biological Sciences.

For cluster generation, a minimum threshold of three occurrences per keyword was
applied. From a total of 1329 keywords identified, 96 met this criterion and were included
in the network analysis. Co-occurrence analysis resulted in 59 items organised into eight
distinct clusters, reflecting the main thematic structures of the literature (Figure 6).

https://doi.org/10.3390/plants15050807

https://doi.org/10.3390/plants15050807


Plants 2026, 15, 807 26 of 35

Figure 6. Clustering of the most frequently used words in the titles, abstracts, and keywords of
peer-reviewed papers related to cultural practices in pitaya cultivation. The size of the bubbles
represents the frequency of occurrence of each term, the thickness of the lines indicates the strength
of the co-occurrence links between terms, and the colours denote the different thematic clusters
identified by the analysis.

The eight clusters can be interpreted as falling within four broader thematic groups.
The first group encompasses clusters related to “pitaya”, “dragon fruit”, the “Cactaceae”
family, the “Hylocereus” genus and cultivar development. This group reflects the taxonomic,
botanical and genetic foundations of pitaya research. The clusters in this group are strongly
interconnected, with terms such as “fruit size”, “fruit set”, “yield” and “new cultivar”, high-
lighting a research focus on species identification, varietal selection and productivity traits.
This indicates that cultivar selection and genetic background are crucial for optimising
pitaya adaptation and performance, particularly in non-native growing conditions.

The second group of clusters is dominated by physiological and developmental aspects,
such as “photosynthesis”, “metabolism”, “flowering”, “fruit yield”, “salinity”, “temperature”
and “climate change”. The strong links revealed by these clusters between environmental
conditions and plant physiological responses suggest that abiotic factors play a decisive
role in pitaya growth and productivity. The prominence of these terms indicates a growing
interest in understanding how pitaya respond to stress conditions, which is especially rele-
vant in Mediterranean environments, characterised by high irradiance, seasonal drought
and temperature fluctuations.

The third group integrates clusters related to propagation, early growth and plant
establishment, such as “seedlings”, “germination”, “micropropagation”, “seed” and “rootstock
cactus”. These clusters reflect research efforts aimed at improving propagation techniques
and nursery practices to ensure uniformity and vigour and to facilitate successful field
establishment. The presence of micropropagation and rootstock-related terms highlights
the importance of alternative propagation strategies to overcome limitations related to the
availability of plant material and its ability to adapt to diverse soil and climatic conditions.
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The fourth group comprises clusters that focus on agronomic management and pro-
duction systems, including “cultivation”, “irrigation”, “soil management”, “fertiliser use”,
“productivity”, “biodiversity” and “forestry”. These clusters emphasise cultural practices
and resource management strategies that directly influence yield and sustainability. The
connections with broader agroecological concepts suggest a growing interest in integrating
pitaya into diversified and sustainable cropping systems rather than treating it solely as a
niche exotic fruit crop.

Overall, the bibliometric analysis indicates that, to further expand pitaya cultivation in
the Iberian Peninsula, greater research efforts are needed on irrigation management under
water-limited conditions, nutrient management tailored to Mediterranean soils, pruning
and canopy management to optimise light use, and the selection of cultivars and rootstocks
adapted to abiotic stresses, particularly drought, salinity and high solar radiation.

11. Final Remarks
At an agronomic level, pitaya represents a highly attractive crop for farmers, as it

reaches commercial production relatively quickly, achieves satisfactory productivity, and
allows small, cultivated areas to be economically viable. These characteristics result in a
relatively rapid economic return and contribute to farm diversification, particularly for
producers engaged in organic farming or considering conversion to organic production. In
addition, pitaya offers significant potential for value enhancement in niche markets, such
as organic and functional foods, as it remains associated with an expanding and dynamic
market. Nevertheless, farmers considering pitaya cultivation should undertake it only when
supported by robust and well-substantiated prospects for effective fruit marketability.

Under the climatic conditions of the Iberian Peninsula, the appropriate combination of
agronomic practices should enable successful pitaya cultivation by achieving good yields,
particularly in protected cultivation systems. From a practical perspective, the adoption of
integrated and sustainable management approaches, including efficient irrigation strategies,
soil conservation practices, and appropriate vigour control, is essential to ensure hight
productivity, fruit quality, and environmental sustainability. The versatility of pitaya further
supports its integration into diversified agroecosystems and low-input production systems.

Future research should prioritise multi-year field trials comparing different production
systems, with integrated assessments of plant performance, yield, and fruit quality under
Mediterranean conditions. Such efforts will be crucial for developing robust, regionally
adapted guidelines and for supporting the long-term sustainability of pitaya cultivation in
the Iberian Peninsula.
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Impact of Deficit Irrigation on Fruit Yield and Lipid Profile of Terraced Avocado Orchards. Agron. Sustain. Dev. 2021, 41, 69.
[CrossRef]

172. Berríos, P.; Temnani, A.; Zapata-García, S.; Sánchez-Navarro, V.; Zornoza, R.; Pérez-Pastor, A. Effect of Deficit Irrigation and
Mulching on the Agronomic and Physiological Response of Mandarin Trees as Strategies to Cope with Water Scarcity in a
Semi-Arid Climate. Sci. Hortic. 2024, 324, 112572. [CrossRef]

173. Silber, A.; Naor, A.; Cohen, H.; Bar-Noy, Y.; Yechieli, N.; Levi, M.; Noy, M.; Peres, M.; Duari, D.; Narkis, K.; et al. Irrigation of
‘Hass’ Avocado: Effects of Constant vs. Temporary Water Stress. Irrig. Sci. 2019, 37, 451–460. [CrossRef]

174. Román, A.; González-Altozano, P.; Martí, P.; Bonet, L.; Martínez-Gimeno, M.A.; Badal, E. Agronomic and Physiological Responses
of Mature ‘Rojo Brillante’ Persimmon Grafted onto Diospyros Lotus and Diospyros Virginiana under Spring-Regulated Deficit
Irrigation in Mediterranean Conditions. Eur. J. Agron. 2026, 174, 127947. [CrossRef]

https://doi.org/10.3390/plants15050807

https://doi.org/10.1093/pcp/pcv124
https://www.ncbi.nlm.nih.gov/pubmed/26412779
https://doi.org/10.1590/0100-2945-304/13
https://doi.org/10.14295/cs.v15.3547
https://doi.org/10.1016/j.ijbiomac.2024.134189
https://doi.org/10.21273/HORTSCI.47.8.1063
https://doi.org/10.1016/j.scienta.2021.110752
https://doi.org/10.1016/j.scienta.2015.11.024
https://doi.org/10.7717/peerj.19720
https://doi.org/10.21273/HORTSCI.29.12.1487
https://doi.org/10.3389/fpls.2024.1507628
https://doi.org/10.3389/fpls.2016.00249
https://www.ncbi.nlm.nih.gov/pubmed/26973689
https://doi.org/10.3390/ijms25094794
https://doi.org/10.48130/tihort-0025-0018
https://doi.org/10.1080/14620316.2006.11512089
https://doi.org/10.1016/j.scienta.2020.109420
https://doi.org/10.1186/s12864-020-6726-6
https://doi.org/10.1016/S0304-4238(02)00093-6
https://doi.org/10.1080/14620316.1994.11516469
https://doi.org/10.1007/s13593-021-00731-x
https://doi.org/10.1016/j.scienta.2023.112572
https://doi.org/10.1007/s00271-019-00622-w
https://doi.org/10.1016/j.eja.2025.127947
https://doi.org/10.3390/plants15050807


Plants 2026, 15, 807 35 of 35

175. Cárceles, R.B.; Durán, V.H.; Franco, D.; Cuadros, S.; Sacristan, P.C.; García-Tejero, I.F. Irrigation Alternatives for Avocado (Persea
americana Mill.) in the Mediterranean Subtropical Region in the Context of Climate Change: A Review. Agriculture 2023, 13, 1049.
[CrossRef]

176. Nobel, P.S. Physicochemical and Environmental Plant Physiology; Academic Press: Cambridge, MA, USA, 2020.
177. Nobel, P.S.; De La Barrera, E. Stem Water Relations and Net CO2 Uptake for a Hemiepiphytic Cactus during Short-Term Drought.

Environ. Exp. Bot. 2002, 48, 129–137. [CrossRef]
178. Khaimov-Armoza, A.; Novák, O.; Strnad, M.; Mizrahi, Y. The Role of Endogenous Cytokinins and Environmental Factors in

Flowering in the Vine Cactus Hylocereus Undatus. Isr. J. Plant Sci. 2012, 60, 371–383.
179. Valiente-Banuet, A.; Santos Gally, R.; Arizmendi, M.C.; Casas, A. Pollination Biology of the Hemiepiphytic Cactus Hylocereus

Undatus in the Tehuacán Valley, Mexico. J. Arid Environ. 2007, 68, 1–8. [CrossRef]
180. Narayanan, H.R.; Krishnan, S.; Osuri, A.M. Nocturnal Insect Communities Altered by Land-Use Change Contribute Little to

Coffee Pollination in the Western Ghats, India. Agric. Ecosyst. Environ. 2026, 396, 109966. [CrossRef]
181. Dodonov, P.; Cazetta, E. Pollinators and the Habitat Fragmentation Puzzle. Nat. Ecol. Evol. 2023, 7, 314–315. [CrossRef]
182. Taiz, L.; Zeiger, E.; Moller, I.M.; Murphy, A. Fisiologia e Desenvolvimento Vegetal, 6th ed.; Artmed: Porto Alegre, RS, Brazil, 2017.
183. Mehta, A.; Lamichhane, P.; Khatiwada, R.; Mandal, A.; Chaudhary, P.; Aryal, S. Dragon Fruit Cultivation, Profitability, and

Production Efficiency in Southern Terai, Nepal. Int. J. Hortic. Sci. Technol. 2024, 11, 469–479. [CrossRef]
184. Ha, T.D.; Oanh, L.T.K.; Yen, C.-R. Flowering Phenology and Mating System of a Red Skin Pitaya (Hylocereus spp.) Germplasm

Collection in Taiwan. Asian J. Adv. Agric. Res. 2018, 7, 1–8. [CrossRef]
185. Silva, A.d.C.c.d.; Martins, A.B.G.; Cavallari, L.d.L. Qualidade de Frutos de Pitaya Em Função Da Época de Polinização, Da Fonte

de Pólen e Da Coloração Da Cobertura. Rev. Bras. Frutic. 2012, 33, 1162–1168. [CrossRef]
186. Cho, J.L.Y.; Ding, P. Floral Morphology and Pollination Process of Red-Fleshed Dragon Fruit (Hylocereus polyrhizus) Grown in an

Open Field. Hortic. Sci. Technol. 2021, 39, 277–293. [CrossRef]
187. Muniz, J.P.d.O.; Bomfim, I.G.A.; Corrêa, M.C.d.M.; Freitas, B.M. Floral Biology, Pollination Requirements and Behavior of Floral

Visitors in Two Species of Pitaya. Rev. Ciência Agronômica 2019, 50, 640–649. [CrossRef]
188. Menezes, T.P.; Ramos, J.D.; Bruzi, A.T.; Costa, A.C. Artificial Pollination and Fruit Quality in Red Pitaya. Biosci. J. 2015, 31,

801–807. [CrossRef]
189. Jadhav, P.; Dhumal, S.S.; Boraiah, K.M.; Kate, P.; Kakade, V.D.; Basavaraj, P.S.; Harisha, C.B.; Halli, H.M.; Kshirsagar, D.B.; Patil,

B.T.; et al. Floral and Pollination Biology of Dragon Fruit Reveals Strategies for Enhancing Productivity through Pollination
Management and Reproductive Window Extension. Sci. Rep. 2025, 15, 37296. [CrossRef]

190. Boraiah, K.M.; Basavaraj, P.S.; Harisha, C.B.; Kakade, V.D.; Halli, H.; Kate, P.; Rane, J.; Pathak, H. Supplementary Manual
Pollination: A Potential Technology to Enhance the Yield and Quality in White Fleshed Dragon Fruit Variety. Natl. Acad. Sci. Lett.
2024, 47, 335–338. [CrossRef]

191. Arredondo, E.; Chiamolera, F.M.; Casas, M.; Cuevas, J. Comparing Different Methods for Pruning Pitaya (Hylocereus undatus).
Horticulturae 2022, 8, 661. [CrossRef]

192. Metez, C.; Nerd, A.; Mizrahi, Y. Viability of Pollen of Two Fruit Crops Cacti of the Genus Hylocereus Is Affected by Temperature
and Duration of Storage. HortScience 2000, 35, 22–24. [CrossRef]

193. Le Bellec, F.; Judith, R.-C. La Pitahaya a la Réunion, Bilan et Perspectives; CIRAD-FLHO: Saint-Pierre, La Réunion, France, 1999; 34p.
194. Pegg, D.E. Principles of Cryopreservation. Methods Mol. Biol. 2007, 368, 39–57. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/plants15050807

https://doi.org/10.3390/agriculture13051049
https://doi.org/10.1016/S0098-8472(02)00016-3
https://doi.org/10.1016/j.jaridenv.2006.04.001
https://doi.org/10.1016/j.agee.2025.109966
https://doi.org/10.1038/s41559-022-01977-8
https://doi.org/10.22059/ijhst.2024.366181.703
https://doi.org/10.9734/AJAAR/2018/43616
https://doi.org/10.1590/s0100-29452011000400014
https://doi.org/10.7235/HORT.20210025
https://doi.org/10.5935/1806-6690.20190076
https://doi.org/10.14393/bj-v31n3a2015-22424
https://doi.org/10.1038/s41598-025-21168-2
https://doi.org/10.1007/s40009-023-01356-2
https://doi.org/10.3390/horticulturae8070661
https://doi.org/10.21273/HORTSCI.35.1.22
https://doi.org/10.1007/978-1-59745-362-2_3
https://www.ncbi.nlm.nih.gov/pubmed/18080461
https://doi.org/10.3390/plants15050807

	Introduction 
	Propagation 
	Production Systems 
	Open-Field Cultivation 
	Protected Cultivation 

	Training and Pruning 
	Morphological and Physiological Determinants of Pruning 
	Training Systems and Support Structures 
	Single Post System (Traditional System) 
	Trellis System 
	V Shape or Tatura System 
	Ladder System 
	Live Supports 

	Objectives of Pruning 
	Types of Cuts 
	Pruning Types 
	Formative Pruning 
	Maintenance Pruning 
	Floral Induction Pruning 

	Pruning Tools and Disinfection 
	Pruning Waste Management 

	Soil Management 
	Cover Crops 
	Mulching 
	Integration of Livestock 

	Irrigation 
	Fertilisation and Plant Nutrition 
	Floral Induction Techniques 
	Fundamental Factors Affecting Floral Induction 
	Photoperiod Manipulation 
	Temperature Manipulation (Protected Cultivation) 
	Water Stress—Regulated Deficit Irrigation 
	Plant Growth Regulators 

	Supplementary Manual Pollination 
	Bibliometric Analysis 
	Final Remarks 
	References

