
2025 | Lavras | Editora UFLA | www.editora.ufla.br | www.scielo.br/cagro
All the contents of this journal, except where otherwise noted, is licensed under a Creative Commons Attribution BY.

eISSN 1981-1829

Agricultural Sciences

Ciênc. Agrotec., 49:e021624, 2025
http://dx.doi.org/10.1590/1413-7054202549021624

Editor: Renato Paiva

1Universidade Federal de Lavras/UFLA, Departamento de Agricultura/DAG, 
Lavras, Minas Gerais, Brasil
2Universidade Federal de Lavras/UFLA, Departamento de Biologia/DBI, 
Lavras, Minas Gerais, Brasil
3Universidade Federal do Ceará/UFC, Departamento de Ciências Vegetais, 
Fortaleza, Ceará, Brasil

*Corresponding author: clairvilevens1@gmail.com

Received in October 18, 2024 and approved in December 18, 2024

Agar concentration interferes with the biometry, photosynthetic 
pigment content, and anatomy of Selenicereus undatus in vitro

Concentração de ágar interfere na biometria, no conteúdo de pigmentos fotossintéticos
e na anatomia de Selenicereus undatus in vitro

Evens Clairvil1* , Bruno Henrique Feitosa2 , Marcelo de Almeida Guimarães3 , Filipe Almendagna Rodrigues1 , Joyce Dória1 ,
Gabrielen de Maria Gomes Dias3 , Evaristo Mauro de Castro2 , Moacir Pasqual1  

ABSTRACT

The micropropagation of dragon fruit (Selenicereus undatus) is an alternative 
method to produce vigorous plants with high phytosanitary quality. However, 
depending on the consistency of the growing medium (liquid, semi-solid, and 
solid), plants can develop physiological and anatomical disorders, impairing their 
growth and reducing their viability ex vitro. The aim of this study was to evaluate 
the biometric characteristics, photosynthetic pigments, and anatomical sections 
of S. undatus plants grown in five concentrations of agar (0.0, 3.5, 7.0, 10.5, and 
14.0 g L-1) in MS medium. Biometric characteristics (number of roots, length of the 
aerial part, and fresh and dry masses of the roots and aerial part of the plants), 
photosynthetic pigments (chlorophyll a, b, total and carotenoid contents), and 
anatomy [number of vascular bundles, cross-sectional area (mm2), and length of 
reserve parenchyma (μm)] were evaluated. Biometric, photosynthetic pigment, 
and anatomical characteristics differed between S. undatus plants for the different 
concentrations of agar. Plants grown in agar-free medium showed increased 
length, aerial and root biomass, indicating enhanced growth. In contrast, plants 
grown on media containing 10.5 g L-¹ and 14.0 g L-¹ agar exhibited higher levels of 
chlorophyll a, chlorophyll b, and total chlorophyll. Additionally, carotenoid levels 
were higher in plants grown on agar, regardless of concentration. Plants grown 
without agar showed higher vascular bundle count, cross-sectional area, and 
reserve parenchyma length than those with agar. In this way, S. undatus plants 
can be micropropagated efficiently in an agar-free medium. 

Index terms: Cactaceae; dragon fruit; micropropagation; reserve 
parenchyma; vascular bundles. 

RESUMO 

A micropropagação de Selenicereus undatus (fruta do dragão) é uma alternativa 
para produzir plantas vigorosas com alta qualidade fitossanitária. No entanto, 
a consistência do meio de cultura (líquido, semissólido ou sólido) pode 
causar distúrbios fisiológicos e anatômicos, comprometendo o crescimento 
e a viabilidade ex vitro. O objetivo deste estudo foi avaliar as características 
biométricas, pigmentos fotossintéticos e anatomia de plantas de S. undatus 
cultivadas em meio MS com diferentes concentrações de ágar (0,0, 3,5, 7,0, 
10,5 e 14,0 g L-¹). Foram analisados número de raízes, comprimento da parte 
aérea, massas frescas e secas, pigmentos fotossintéticos (clorofila a, b, total e 
carotenoides) e parâmetros anatômicos (número de feixes vasculares, área da 
seção transversal e comprimento do parênquima de reserva). Os resultados 
mostraram diferenças significativas entre as concentrações de ágar. Plantas 
cultivadas sem ágar apresentaram maior crescimento em comprimento, 
biomassa aérea e radicular. Já aquelas em meios com 10,5 e 14,0 g L-¹ de 
ágar exibiram maiores níveis de clorofilas a, b e total. Independentemente da 
concentração, plantas cultivadas com ágar apresentaram maior conteúdo de 
carotenoides. Plantas sem ágar tiveram maior número de feixes vasculares, 
área da seção transversal e comprimento do parênquima de reserva. Conclui-
se que S. undatus pode ser micropropagada de forma eficiente em meio 
líquido, sem a adição de ágar, otimizando o crescimento e as características 
anatômicas.

Termos para indexação: Cactaceae, fruta do dragão; micropropagação; 
parênquima de reserva; feixes vasculares.

Introduction  
The use of plant biotechnology has made it possible to 

develop alternatives to multiplying plant species with a focus 
on their conservation, adaptation to climate change, and faster 
food production (Ollas et al., 2019; Munaweera et al., 2022). 
The biotechnological technique of in vitro cultivation, widely 
used for plant propagation, consists of cultivating plant cells 
or tissues inoculated in artificial nutrient media (liquid, semi-
solid, or solid) under controlled environmental and axenic 
conditions for regeneration or vegetative multiplication 
(Ilyushko et al., 2020; Delgado-Paredes et al., 2021; Masoabi, 
Snyman, & Van der Vyver, 2023).  

Under controlled conditions, the growing medium provides 
plants with mineral nutrients and other substances necessary 
for its growth and development and often for the regulation of 
cellular processes (Phillips & Garda, 2019; Souri & Hatamian, 
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2019). However, certain components of the growing medium, 
such as the gelling agent agar, due to the quantity used, not only 
increase the costs of producing seedlings but can also hinder the 
growth and regeneration of vegetative material from different 
species. Depending on the fluidity of the medium (liquid, semi-
solid, and solid), plant species can develop physiological and 
anatomical disorders in their tissues due to variations in nutrient 
uptake, oxygen availability, and mechanical support, which can 
disrupt normal growth and development (Aguilar et al., 2019; 
García-Ramírez, 2023; Manokari et al., 2023). For example, high 
water potential and/or high humidity in the medium can hinder the 
establishment of plants in vitro (Dubois & Inzé, 2020; Teixeira da 
Silva et al., 2020). A large amount of water in the growing medium 
can affect the growth rate, causing high accumulation of water in 
the apoplast, closure of stomata, irregular cell arrangement, and 
large intercellular spaces in plants (Kemat, Visser, & Krens, 2023). 

The red dragon fruit (Selenicereus undatus), from the Cactaceae 
family, has high nutritional value (Yadav et al, 2024) and is widely 
cultivated in several countries (Betancur, Muriel, & González, 
2020; Safira et al., 2021). The red dragon fruit (Hylocereus spp.) 
can be propagated through various methods, including both sexual 
(via seeds) and asexual means (Singh & Rani, 2023). Asexual 
propagation techniques include stem cuttings, grafting, and 
micropropagation, each offering unique advantages for efficient 
plant production (Borchetia, Neog, & Dutta, 2022). 

The vegetative multiplication of S. undatus has been done 
through in vitro cultivation, where small segments of cladodes 
from matrices plants are disinfested and inoculated into aseptic 
medium for the production of clones (Mande, Kumbhare, & 
Surana, 2023). Among the elements contained in the aseptic 
medium is agar, which is an essential gelling agent in plant 
tissue culture, providing stability and support to explants 
during in vitro culture (Purohit, Habibi, & Purohit, 2011). Many 
studies have highlighted the usefulness of agar in various plant 
regeneration protocols (Mohamed et al., 2021; Rajam, 2024). For 
example, it facilitates the proliferation of species such as Rubus 
fruticosus L. and Persea americana Mill., ensuring consistent 
shoot multiplication and rooting under optimized conditions 
(Hiti-Bandaralage, Hayward, & Mitter 2017; Clapa et al., 2023). 

However, the S. undatus species can be affected by the high 
water potential and/or high humidity of the growing medium 
(Wang et al., 2019), which impairs its multiplication and vegetative 
propagation (Kakade, Morade, & Kadam, 2022; Mori et al., 2023).  
Nevertheless, it is important to note that plant tissue culture allows 
for rapid multiplication, the production of disease-free plants, 
and the conservation of rare species, while also providing genetic 
uniformity and optimal control, making it a key tool in agriculture 
and biotechnology (Abdalla et al., 2022; Ozyigit et al., 2023).

The aim of this study was to evaluate the biometric 
characteristics, photosynthetic pigments, and anatomical 
sections of S. undatus plants grown in vitro in five concentrations 
of agar (0.0, 3.5, 7.0, 10.5, and 14.0 g L-1) in MS medium.

Material and Methods  
The experiment was conducted at the Plant Tissue Culture 

Laboratory in the Agriculture Department of the Federal 
University of Lavras (UFLA) in Lavras, state of Minas 
Gerais, Brazil.

Plant material and in vitro cultivation

Cladodes of dragon fruit (Selenicereus undatus), about 
1.5 cm long, were used as explants and grown in 250 mL 
flasks containing 50 mL of MS medium (Murashige & Skoog, 
1962) plus 30 g L-1 sucrose and five concentrations of agar 
(0.0, 3.5, 7.0, 10.5, and 14.0 g L-1) (Agargel Ind. e Comércio 
Ltda). The pH of the media was adjusted to 6.0  ±  0.2 and 
autoclaved at 121 °C and 1.2 atm pressure for 20 min. The 
five concentrations of agar resulted in five media, one of 
which was liquid (0%), one semi-solid (50%), and three solids 
(100%, 150%, and 200%).

Five explants per flask were inoculated in a laminar flow 
chamber, with 20 replicates per treatment. These flasks were kept 
for 56 days in a growth room with artificial lighting provided by 
white LED lamps and an average irradiance of 52.5 µmol m-2 

s-1, with a 16-hour photoperiod and a temperature of 25  ±  2 °C.

Biometric characteristics

The biometric characteristics were assessed on five plants 
and five flasks collected at random from each treatment after 56 
days of in vitro cultivation. The number of roots, the length of 
the aerial part (cm), and the fresh and dry masses of the roots 
and aerial part (g plant-1) of plants were evaluated. 

The length was measured using a ruler graduated in 
millimeters, and the fresh and dry masses were quantified using 
a precision scale with four decimal places (OHAUS Model 
PR224BR). After measuring the fresh mass of the roots and aerial 
part, each was placed in individual paper bags and transferred 
to an oven (TECNAL Model TE-394/3 MP) with forced air 
circulation at 65 °C for 72 hours. The dry mass was quantified 
after removing the material from the oven and stabilizing the 
temperature in a Styrofoam box.  

Photosynthetic pigments

Photosynthetic pigment analysis was carried out on fresh 
cladodes ( ±  0.050 g) from five S. undatus plants randomly 
collected from each treatment after 56 days of in vitro cultivation. 
The samples were transferred to test tubes containing 5 mL of 
80% acetone for the extraction of chlorophylls and carotenoids. 
The test tubes were wrapped in aluminum foil to prevent the 
sample from coming into contact with light and to prevent 
chlorophyll degradation.

After 24 hours in a refrigerator at  ±  4 °C, the samples were 
centrifuged for 5 min and measured for absorbance using an Elisa 
Multiskan GO spectrophotometer (Thermo Fisher Scientific) 
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at wavelengths of 470 (Abs470), 647 (Abs647), and 663 nm 
(Abs663) (Scopel, Barbosa, & Vieira, 2011). The chlorophyll 
a, b, total, and carotenoid contents were determined using the 
equations (Lichtenthaler & Wellburn, 1983; Chazaux et al., 
2022). The wavelength readings were taken in five replicates per 
treatment, with each replicate being evaluated in triplicate. The 
analysis was carried out using Skanit Software 5.0 for Microplate 
Readers RE version 5.0.0.42.

Anatomical aspects

The anatomical aspects were assessed on fresh cladodes 
after eight weeks of in vitro cultivation, randomly collected 
from five plants of each treatment. The cladodes were fixed in 
FAA solution (formaldehyde, acetic acid, and 50% ethanol in a 
ratio of 0.05:0.05:0.90) for 72 hours. Initially, the plant material 
was gradually bleached with 70, 80, 90, and 100% ethyl alcohol 
(ethanol) every 2 hours (Johansen, 1940). The cladodes were 
placed for 72 hours in a solution of 50% alcohol and 50% 
pure resin (Historesin Leica) and fixed with the same type of 
material. The cladodes were embedded in a solution containing 
3 mL of 15% pure resin, with 1% hardener added to facilitate 
cutting. Transverse and longitudinal sections, 9 μm thick, were 
made on a MRS 3500 semi-automatic rotary microtome in five 
replicates per plant.

The sections were stained with Toluidine blue solution 
(0.05%) and Sudan IV to identify lipid substances such as 
essential oil (Gerlach, 1984) and then mounted as permanent 
slides in glycerin gelatine (colorless gelatine + glycerin water).

The anatomical analyses carried out were counting the 
number of vascular bundles, determining the cross-sectional 
area (mm2) and the length of reserve parenchyma (μm). The 
sections were observed under a light microscope (Nikon, Eclipse 
E100) coupled with a digital camera (Infinity, Bullet Full HD) 
to capture the images. Photomicrographs were used to measure 
anatomical features using UTHSCSA-Imagetool® software 
calibrated with a microscope.

Statistical analysis

The experiment was carried out in a completely randomized 
design. The data obtained was submitted to analysis of variance, 
and the means were compared using the Scott-Knott test at 
5% probability using the SISVAR statistical analysis program 
(Ferreira, 2011).

Results and Discussion
The biometric characteristics assessed varied among 

Selenicereus undatus plants grown under different agar 
concentrations. The number of roots per plant was higher in the 
treatments with 3.5 and 7.0 g L-1 agar and lower in the other 
treatments (Table 1).

Other researchers (Torres-Silva et al., 2020; Matos et al., 2020) 
have also observed a higher number of roots in plants cultivated in 
medium containing 3.5 to 7.0 g L-1 of agar. Low concentrations of 
agar can reduce the number of roots emitted by plants (Chaves & 
Cunha, 2021), due to a lower amount of oxygen in liquid medium, 
which can impair cell proliferation and root growth (Shukla et al., 
2020). The higher concentration of O2 in media containing 3.5 to 
7.0 g L-1 agar can favor root emission; however, environments with 
higher concentrations of agar can impair emission due to mechanical 
restrictions and lower nutrient availability (Assis et al., 2018; Leite 
et al., 2021; Dewir et al., 2023).

The length of the aerial part of the plants grown in agar-free 
medium was greater than in the other treatments (Table 1).

The greater length of the aerial part of the cladodes of S. 
undatus plants grown in MS medium without agar may be due 
to the greater availability of nutrients for absorption by the plants 
since minerals are dissociated in liquid medium (Dewir et al., 
2023). On the other hand, higher levels of agar stiffen the medium, 
decreasing the water potential, preventing hyperhydration 
(hyperhydricity), limiting nutrient absorption, and, consequently, 
plant length (Dewir et al., 2023; Marhr et al., 2023).

The fresh mass of the roots of S. undatus plants varied 
between the concentrations of agar in the MS medium, with 
those grown with 7.0, 10.5, and 14.0 g L-1 having the highest 
averages (Table 2).

The greater fresh mass roots of S. undatus plants grown 
in vitro in media with higher concentrations of agar may be 
due to the cacti’s greater adaptation to cultivation with lower 
water availability. In vitro cacti regulate their growth to absorb, 
accumulate, and transport water, improving their efficiency of 
use in conditions of greater water restriction (Radi et al., 2023). 
The lower fresh weight of the aerial part of plants grown with 
higher concentrations of agar may be related to the effects of 
water stress on plant growth in vitro or the lower bioavailability 
of minerals and growth factors (Souri & Hatamian, 2019; 
Lahijanian et al., 2023).  

Table 1: Effect of agar concentration in MS medium on root 
number (NR) and aerial part length (APL) of S. undatus plants 
after 56 days of in vitro cultivation.

Agar (g L-1) NR LAP (cm)
0.0 5.35 ± 0.52b 4.56 ± 0.55a
3.5 5.80 ± 0.50a 2.98 ± 0.30b
7.0 6.55 ± 0.45a 2.57 ± 0.28b

10.5 4.40 ± 0.46b 2.80 ± 0.24b
14.0 5.10 ± 0.45b 2.80 ± 0.24b

C.V. (%) 19.08 15.47
Averages ( ±  standard error). Mean values followed by the same 
letter in the row do not differ by the Scott-Knott grouping test at 5% 
probability. C.V. - coefficient of variation (%).
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In addition, researchers have observed that concentrations of 
10.5 and 14.0 g L-1 of agar in the culture medium reduce water 
availability within the vessels and cause lower plant growth 
by reducing the flow of nutrients to the meristematic points. 
However, low concentrations of agar in the medium enabled 
better osmotic adjustment in plants with nutrient accumulation 
and more balanced growth (Silva e Souza et al., 2023).

The fresh and dry mass of the aerial part was higher in the 
S. undatus plants from the treatment without agar (Table 2). 
The higher fresh and dry mass of the aerial part of the plants 
grown without the presence of agar in MS medium may be due 
to the higher free energy of the nutrient solution. The presence 
of a gelling agent in the medium reduces the free potential of 
water, making it more difficult for plants to absorb it (Mayahi 
& Ali, 2021). The lower the free energy of the water, the less it 
is absorbed by plants, which reduces or delays the absorption of 
nutrients and, consequently, impairs the accumulation of mass 
by plants (Manokari et al., 2023; Suthar, Habibi, & Purohit 
2011; Das et al., 2015).

The dry mass roots of S. undatus plants was higher in 
those grown in liquid medium (0.0 g L-1 agar) (Table 2). The 
increased dry mass of roots in plants grown in MS medium 
without agar is likely attributed to low iron stress caused by 

reduced oxygen availability (Souri & Hatamian, 2019; Souri, 
Neumann, & Römheld, 2009). Studies on Ocimum basilicum 
shoots grown in B5 medium (Gamborg, Miller, & Ojima 
1968) without agar had similar results (Monfort et al., 2018). 
Species from the Cactaceae family can more easily accumulate 
water and minerals from the growing medium, as they have 
cells with a more elastic cell wall (Fradera-Soler et al., 2022). 
This greater accumulation can result in an increase in the 
production of photoassimilates, which can lead to higher dry 
mass production (Bello-Bello et al., 2021).

The chlorophyll a, b, and total contents differed between 
S. undatus plants. The highest values were observed in plants 
grown in media with 10.5 and 14.0 g L-1 agar (Table 3). 

The increase in photosynthetic pigment content in plants 
grown on solid media may be related to a lower accumulation 
of mass in the aerial part, causing a higher concentration of 
pigments per cladode unit area (Hajnal-Jafari et al., 2020). In 
addition, overhydrated plants can accumulate excess water in 
the cells or tissues with poor lignification of the bark, which 
can lead to cell enlargement with reduction in performance and 
photosynthetic pigments resulting in a transparent and glassy 
appearance and reduced mechanical strength (Borland et al., 
2018; Souza et al., 2019; Bouzroud et al., 2022).

Table 3: Chlorophyll a (Chla), b (Chlb), total (Chlt), and carotenoid (Car) content (μg g-¹ fresh mass) in S. undatus plants at 56 
days of in vitro cultivation under different agar concentrations in MS medium.

Agar (g L-1) Chla Chlb Chlt Car
0.0 0.42 ± 0.04b 0.10 ± 0.04b 0.53 ± 0.03b 0.11 ± 0.01b
3.5 0.98 ± 0.02b 0.13 ± 0.03b 1.11 ± 0.03b 0.35 ± 0.04a
7.0 1.36 ± 0.32b 1.19 ± 0.61b 2.55 ± 0.72b 0.31 ± 0.11a

10.5 5.58 ± 0.45a 4.55 ± 0.47a 10.13 ± 0.91a 0.40 ± 0.01a
14.0 5.81 ± 0.10a 4.70 ± 0.41a 10.50 ± 0.48a 0.35 ± 0.02a

C.V. (%) 17.85 16.65 22.70 16.06

Averages ( ±  standard error). Mean values followed by the same letter in the row do not differ by the Scott-Knott grouping test at 5% 
probability. C.V. - coefficient of variation (%).

Table 2: Fresh and dry mass of roots (FMR, DMR) and aerial parts (FMAP, DMAP) in g plant-1 of S. undatus at 56 days of in vitro 
cultivation under different agar concentrations in MS medium. 

Agar (g L-1) FMR FMAP DMR DMAP
0.0 0.35 ± 0.05b 4.50 ± 0.59a 0.07 ± 0.01a 0.38 ± 0.04a
3.5 0.42 ± 0.04b 1.35 ± 0.11b 0.06 ± 0.01a 0.08 ± 0.01b
7.0 0.68 ± 0.04a 1.47 ± 0.15b 0.03 ± 0.01b 0.09 ± 0.01b

10.5 0.65 ± 0.04a 1.11 ± 0.13b 0.03 ± 0.01b 0.06 ± 0.01b
14.0 0.74 ± 0.02a 1.53 ± 0.09b 0.03 ± 0.01b 0.08 ± 0.01b
C.V. (%) 15.83 12.22 21.73 13.32

Averages ( ±  standard error). Mean values followed by the same letter in the row do not differ by the Scott-Knott grouping test at 5% 
probability. C.V. - coefficient of variation (%).
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The carotenoid content was higher in the S. undatus plants 
grown in medium containing agar, without differing from each 
other, but from the plants without agar (Table 3). The higher 
carotenoid content observed in S. undatus plants grown in 
medium containing agar may be related to the occurrence of 
stress due to the presence of this gelling agent in the growing 
medium. Agar causes a reduction in the water potential of the 
medium, which leads to a reduction in the absorption of water 
and nutrients (Schorr, Ikeda, & de Alcantara, 2023). The higher 
concentration of carotenoids may be a defense mechanism 
for S. undatus plants under conditions of limited water in the 
tissues. This pigment helps to reduce the photooxidation of other 
photosynthetic pigments and the degradation of chlorophyll 
(Đurić et al., 2023), meaning that the plants synthesize more 
carotenoids that will act in the photoprotection of photosystems 
I and II (Cristina et al., 2023).

The anatomical characteristics of the plants varied between 
treatments (Figure 1 and Table 4). 

The number of vascular bundles and the cross-sectional area 
were higher in the S. undatus plants grown without agar. The 
length of the reserve parenchyma had the highest average values 
in the plants without agar but did not differ from those in the 3.5 
g L-1 concentration of agar in the medium (Table 4 and Figure 2).

The length of the reserve parenchyma of the cladodes of S. 
undatus plants was greater in plants grown with 0.0 and 3.5 g L-1 
agar (Table 4 and Figure 2). The growth of cortex cells (reserve 
parenchyma) in cacti is related to their ability to expand and 
store water. When free water is available, these cells expand, 
occupying 50 to 70% of the cortex volume (Torres-Silva et al., 
2020). Thus, the absence of agar or its low concentration leaves 
the medium with a higher water potential, being absorbed more 
easily by the plant tissues and accumulating in the parenchyma 
cells, favoring their expansion (Carlquist, 2018).

Cacti that grow in liquid environments may have a greater 
number of vascular bundles, cross-sectional area of cladodes, 
and proportion of parenchyma (Montathong, Machikowa, 
& Muangsan 2019; Ma et al., 2023); these structures, in 
greater number and size, may be a consequence of the 
accumulation of water in the tissues of the plants (Torres-
Silva et al., 2020). Some species have developed adaptation 
and mitigation strategies against water stress due to excess 
humidity, improving their aqueous solution storage capacities 
in specific structures such as reserve parenchyma, vascular 
bundles, and aerenchyma (Fang & Xiong, 2015; Khan et al., 
2020; Mignolli, Todaro, & Vidoz, 2020). In addition, it has 
been shown that in anaerobic conditions, with excess water, 
plants are stimulated to synthesize higher concentrations of 
the plant hormone ethylene. This hormone causes plants to 
produce more vascular bundles to increase aeration of the 
aerial part, in addition to being able to transport and retain 
water and nutrients to reduce excess water and its damage to 
plant tissues (Yang et al., 2021).

Figure 1: Cladode cross-sectional areas of S. undatus 
at 56 days of in vitro cultivation under different agar 
concentrations in MS medium [0.0 (A, B); 3.5 (C, D); 7.0 (E, F); 
10.5 (G, H); 14.0 (I, J) g L-¹]. Legend: c = cuticle; ep = epidermis; 
pr = reserve parenchyma; pm = medullary parenchyma; cv 
= mucilaginous cavity; cx = cortex; al = ala; ga = axillary bud 
(areola); fv = vascular bundle. Scale bar = 100 µm.
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Conclusions
The different concentrations of agar in the growing 

medium inf luenced the  biometr ic  character is t ics , 
photosynthetic pigments, and anatomical aspects of 
Selenicereus undatus plants. Plants cultivated without 
agar demonstrated superior biometric and anatomical 
characteristics, while also lowering costs by utilizing a more 
economical growth medium. 
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Figure 2: Longitudinal sections of cladodes of S. undatus at 56 days of in vitro cultivation under different agar concentrations 
in MS medium [0.0 (A); 3.5 (B); 7.0 (C); 10.5 (D); 14.0 (E) g L-¹]. Legend: (A) ep = epidermis; pr = reserve parenchyma; hp = 
hypodermis; et = stomata; (B) ga = axillary bud; vv = vascular vessel; (C) oe = essential oil; vv = vascular vessel; (D) oe = 
essential oil; pr = reserve parenchyma; (E) et = stomata; vv = vascular vessel; oe = essential oil. Scale bar = 100 µm.

Table 4: Vascular bundle number (NVB), cladode cross-sectional area (CSA), and reserve parenchyma length (LRP) of S. 
undatus at 56 days of in vitro cultivation under different agar concentrations in MS medium. 

Agar (g L-1) NVB CSA (mm2) LRP (μm)
0.0 11.00 ± 0.40a 0.79 ± 0.01a 64.25 ± 1.40a
3.5 5.40 ± 0.10b 0.71 ± 0.01b 63.58 ± 1.30a
7.0 5.80 ± 0.20b 0.74 ± 0.01b 56.32 ± 0.80b

10.5 5.50 ± 0.20b 0.72 ± 0.01b 52.23 ± 1.30b
14.0 5.00 ± 0.01b 0.65 ± 0.01c 55.36 ± 1.20b

C.V. (%) 6.84 5.06 17.77
Averages ( ±  standard error). Mean values followed by the same letter in the row do not differ by the Scott-Knott grouping test at 5% 
probability. C.V. - coefficient of variation (%).



Agar concentration interferes with the biometry, photosynthetic pigment content, and anatomy... 7

Ciênc. Agrotec., 49:e021624, 2025

Acknowledgements 
This study was carried out in the plant tissue culture and 

plant anatomy laboratories of the Federal University of Lavras 
(UFLA). The authors thank the CNPq (National Council 
for Scientific and Technological Development), CAPES 
(Coordination for the Improvement of Higher Education 
Personnel) and FAPEMIG (Minas Gerais State Research Support 
Foundation). The authors would also like to thank Vantuil 
Antonio Rodrigues for his technical assistance.

References

Abdalla, N. et al. (2022). An academic and technical overview on plant 
micropropagation challenges. Horticulturae, 8(8):677. 

Aguilar, M. E. et al. (2019). Simple protocol for the micropropagation 
of teak (Tectona grandis linn.) in semi-solid and liquid media in 
RITA® bioreactors and ex vitro rooting. American Journal of Plant 
Sciences, 10(7):1121-1141. 

Al-Mayahi, A. M. W., & Ali, A. H. (2021). Effects of different types of gelling 
agents on organogenesis and some physicochemical properties 
of date palm buds, Showathy cv. Folia Oecologica, 48(1):110-117. 

Assis, F. A. D. et al. (2018). Silicon and agar on in vitro development 
of cockscomb (Amaranthaceae).  Pesquisa Agropecuária 
Brasileira, 53(1):30-41. 

Bello-Bello, J. J. et al. (2021). A temporary immersion system for 
mass micropropagation of pitahaya (Hylocereus undatus).  3 
Biotech, 11(10):437. 

Betancur G, J. A., Muriel R, S. B., & González J, E. P. (2020). Morphological 
characterization of the red dragon fruit-Selenicereus undatus 
(Haw.) DR Hunt-under growing conditions in the municipality of 
San Jerónimo (Antioquia, Colombia). Revista Facultad Nacional de 
Agronomía Medellín, 73(1):9019-9027. 

Borchetia, A., Neog, M., & Dutta, S. (2022). Review on various 
regeneration techniques in dragon fruit  (Hylocereus 
spp.). International Journal of Plant & Soil Science, 34(24):323-330. 

Borland, A. M. et al. (2018). Functional anatomical traits of the 
photosynthetic organs of plants with crassulacean acid 
metabolism. In W. Adams, & I. Terashima, (eds) The leaf: A platform 
for performing photosynthesis. Advances in photosynthesis and 
respiration, Springer, Cham. v. 44, (pp. 281-305). 

Bouzroud, S. et al. (2022). Micropropagation of opuntia and other cacti 
species through axillary shoot proliferation: A comprehensive 
review. Frontiers in Plant Science, 13:926653. 

Carlquist, S. (2018). Living cells in wood 3. Overview; functional 
anatomy of the parenchyma network.  The Botanical 
Review, 84:242-294. 

Chaves, V. T. A., & Cunha Rodrigues, A. C. (2021). Medium MS at 
different concentrations in the initial development in vitro 
of Melocactus conoideus Buining & Brederoo.  Scientia: Revista 
Científica Multidisciplinar, 6(2):81-91.

Chazaux, M. et al. (2022). Precise estimation of chlorophyll a, b and 
carotenoid content by deconvolution of the absorption spectrum 
and new simultaneous equations for Chl determination.  The 
Plant Journal, 109(6):1630-1648. 

Clapa, D. et al. (2023). The use of wheat starch as gelling agent 
for in vitro proliferation of blackberry (Rubus fruticosus L.) 
cultivars and the evaluation of genetic fidelity after repeated 
subcultures. Horticulturae, 9(8):902.  

Cristina, M. A. M. et al. (2023). Evaluation of the effect of different 
culture systems on photomixotrophic capacity during in vitro 
multiplication of pitahaya (Hylocereus undatus).  South African 
Journal of Botany, 159:396-404. 

Das, N. et al. (2015). Progress in the development of gelling agents 
for improved culturability of microorganisms. Frontiers In 
Microbiology, 6:698.

Delgado-Paredes, G. E. et al. (2021). In vitro tissue culture in plants 
propagation and germplasm conservation of economically 
important species in Peru. Scientia Agropecuaria, 12(3):337-349. 

Dewir, Y. H. et al. (2023). Promising application of automated liquid 
culture system and arbuscular mycorrhizal fungi for large-scale 
micropropagation of red dragon fruit. Plants, 12(5):1037. 

Dubois, M., & Inzé, D. (2020). Plant growth under suboptimal water 
conditions: Early responses and methods to study them. Journal 
of Experimental Botany, 71(5):1706-1722. 

Đurić, M. et al. (2023). Improvement of water deficit stress tolerance 
of Impatiens walleriana shoots grown in vitro by methyl 
jasmonate. Plant Cell, Tissue and Organ Culture, 154(2):351-365. 

Fang, Y., & Xiong, L. (2015). General mechanisms of drought response 
and their application in drought resistance improvement in 
plants. Cellular and Molecular Life Sciences, 72:673-689. 

Ferreira, D. F. (2011). Sisvar: A computer statistical analysis system. 
Ciência e Agrotecnologia, 35(6):1039-1042. 

Fradera-Soler, M. et al. (2022). Elastic and collapsible: Current 
understanding of cell walls in succulent plants.  Journal of 
Experimental Botany, 73(8):2290-2307. 

Gamborg, O. L., Miller, R., & Ojima, K. (1968). Nutrient requirements 
of suspension cultures of soybean root cells. Experimental cell 
research, 50(1):151-158. 

Gerlach, D. (1984). Plant histochemistry and cytochemistry. New York-
NY: Academic. 



Ciênc. Agrotec., 49:e021624, 2025

8 Clairvil, E. et al.

Hajnal-Jafari, T. et al. (2020). Effect of chlorella Vulgaris on growth and 
photosynthetic pigment content in swiss chard (Beta vulgaris L. 
subsp. Cicla). Polish journal of microbiology, 69(2):235-238. 

Hiti-Bandaralage, J. C., Hayward, A., & Mitter, N. (2017). 
Micropropagation of avocado (Persea americana Mill.). American 
Journal of Plant Sciences, 8(11):2898-2921.   

Ilyushko, M. V. et al. (2020). Intra-callus variability of rice doubled haploids 
generated through in vitro androgenesis. Sel’skokhozyaistvennaya 
Biologiya [Agricultural Biology], 55(3):533-543. 

Johansen, D. A. (1940). Microtécnica vegetal, 2ª ed. Nueva York, 523p. 

Kakade, V., Morade, A., & Kadam, D. (2022). Dragon fruit (Hylocereus 
undatus).  In S. N. Ghosh., & R. R. Sharma, Eds. Tropical fruit 
crops: Theory to practical. Jaya Publishing House: Delhi, India, 
(pp. 240-257). 

Kemat, N., Visser, R. G., & Krens, F. A. (2023). Physiological and 
morpho-anatomical analyses of hyperhydric Arabidopsis 
thaliana influenced by media components.  Journal of Plant 
Biotechnology, 50:255-266. 

Khan, M. I. R. et al. (2020). The significance and functions of ethylene in 
flooding stress tolerance in plants. Environmental and Experimental 
Botany, 179:104188. 

Lahijanian, S. et al. (2023). Morphological, physiological and 
antioxidant response of Stevia rebaudiana under in vitro 
agar induced drought stress.  Journal of Agriculture and Food 
Research, 11:100495. 

Leite, M. S. et al. (2021). Acclimatization of Pouteria gardeneriana 
Radlk micropropagated plantlets: Role of in vitro rooting and plant 
growth–promoting bacteria. Current Plant Biology, 27:100209. 

Lichtenthaler, H. K., & Wellburn, A. R. (1983). Determinations of total 
carotenoids and Chlorophylls a and b of leaf extracts in different 
solvents. Biochemical Society Transactions, 11(5):591-592.

Ma, L. et al. (2023). Hydrogels as the plant culture substrates: A 
review. Carbohydrate Polymers, 305:120544.

Matos, C. K. et al. (2020). Effect of agar concentration in culture 
medium on in vitro development of potato plants. Research, Society 
and Development, 9(7):e542974571.

Mande, D. D., Kumbhare, M. R., & Surana, A. R. (2023). Phytochemical 
composition, biological activities and nutritional aspects of 
Hylocereus undatus: A review.  Infectious Diseases and Herbal 
Medicine, 4(1):291. 

Manokari, M. et al. (2023). Amelioration of morpho-structural 
and physiological disorders in micropropagation of Aloe vera 
L. by use of an aromatic cytokinin 6-(3-hydroxybenzylamino) 
purine. Journal of Plant Growth Regulation, 42(8):4751-4763. 

Marhri, A. et al. (2023). Rapid and Efficient In vitro propagation 
protocol of endangered wild prickly pear growing in Eastern 
Morocco. Horticulturae, 9(4):491. 

Masoabi, M., Snyman, S., & Van der Vyver, C. (2023). Characterization 
of an ethyl methanesulfonate-derived drought-tolerant 
sugarcane mutant line. Annals of Applied Biology, 182(3):343-360. 

Mignolli, F., Todaro, J. S., & Vidoz, M. L. (2020). Internal aeration 
and respiration of submerged tomato hypocotyls are 
enhanced by ethylene-mediated aerenchyma formation and 
hypertrophy. Physiologia Plantarum, 169(1):49-63. 

Mohamed, G. M. et al. (2021). Effects of different gelling agents on the 
different stages of rice regeneration in two rice cultivars. Saudi 
Journal of Biological Sciences, 28(10):5738-5744. 

Monfort, L. E. F. et al. (2018). Effects of plant growth regulators, 
different culture media and strength MS on production of 
volatile fraction composition in shoot cultures of Ocimum 
basilicum. Industrial Crops and Products, 116:231-239. 

Montathong, K., Machikowa, T., & Muangsan, N. (2019). Cytological and 
food reserve changes in sunflower cotyledons in vitro. Suranaree 
Journal of Science & Technology, 26(2):141-150. 

Mori, C. V. et al. (2023). Dragon fruit (Kamalam): An excellent exotic 
fruit crop of India. Pharma Innovation, 12(1):115-123. 

Munaweera, T. I. K. et al. (2022). Modern plant biotechnology as 
a strategy in addressing climate change and attaining food 
security. Agriculture & Food Security, 11(1):1-28. 

Murashige, T., & Skoog, F. (1962). A revised medium for rapid growth 
and bio assays with tobacco tissue cultures. Physiologia plantarum, 
15(3):473-497.

Ollas, C. et al. (2019). Facing climate change: Biotechnology of iconic 
Mediterranean woody crops. Frontiers in Plant Science, 10:427.

Ozyigit, I. I. et al. (2023). Production of secondary metabolites using 
tissue culture-based biotechnological applications. Frontiers in 
Plant Science, 14:1132555. 

Phillips, G. C., & Garda, M. (2019). Plant tissue culture media and 
practices: An overview. In Vitro Cellular & Developmental Biology-
Plant, 55:242-257. 

Purohit, S. D., Teixeira da Silva, J. A., & Habibi, N. (2011). Current 
approaches for cheaper and better micropropagation 
technologies.  International Journal of Plant Developmental 
Biology, 5(1):1-36. 

Radi, H. et al. (2023). Morphological and physio-biochemical responses 
of cactus pear (Opuntia ficus indica (L.) Mill.) organogenic cultures 
to salt and drought stresses induced in vitro. Plant Cell, Tissue and 
Organ Culture, 154(2):337-350. 

https://www.cabidigitallibrary.org/action/doSearch?do=Sel%27skokhozyaistvennaya+Biologiya
https://www.cabidigitallibrary.org/action/doSearch?do=Sel%27skokhozyaistvennaya+Biologiya


Agar concentration interferes with the biometry, photosynthetic pigment content, and anatomy... 9

Ciênc. Agrotec., 49:e021624, 2025

Rajam, M. V. (2024). Improved, efficient and reliable plant regeneration 
protocol for a recalcitrant black rice (Oryza sativa cv. Chakhao 
amubi). Current Trends in Biotechnology and Pharmacy, 18(2):1669-1679. 

Safira, A. et al. (2021). Review on the pharmacological and health 
aspects of Hylocereus or Pitaya: An update. Journal of Drug Delivery 
and Therapeutics, 11(6):297-303. 

Schorr, M. R., Ikeda, A. C., & de Alcantara, G. B. (2023). Influence of 
sucrose and medium consistency in the in vitro multiplication 
and photosynthetic pigment profile of Eucalyptus saligna. Revista 
Bosque, 44(3):573-580. 

Scopel, W., Barbosa, J. Z., & Vieira, M. L. (2011). Extração de pigmentos 
foliares em plantas de canola. Unoesc & Ciência-ACET, 2(1):87-94. 

Shukla, V. et al. (2020). Jasmonate signalling contributes to 
primary root inhibition upon oxygen deficiency in Arabidopsis 
thaliana. Plants, 9(8):1046. 

Silva e Souza, C. et al. (2023). A Comparison of the biometric 
characteristics, physicochemical composition, mineral elements, 
nutrients, and bioactive compounds of Hylocereus undatus and H. 
polyrhizus. Biology and Life Sciences Forum, 26(1):114.

Singh, K. K., & Rani, D. (2023). Recent advances and prospects for dragon 
fruit (Hylocereus spp.) plant propagation techniques. International 
Journal of Environment and Climate Change, 13(11):568-573. 

Souri, M. K., & Hatamian, M. (2019). Aminochelates in plant nutrition: 
A review. Journal of plant nutrition, 42(1):67-78. 

Souri, M. K., Neumann, G., & Römheld, V. (2009). Nitrogen forms and 
water consumption in tomato plants. Horticulture Environment 
and Biotechnology, 50(5):377-383.

Souza, L. M. et al. (2019). Use of meta-Topolin, an unconventional 
cytokinin in the in vitro multiplication of Opuntia stricta Haw. 
Biotecnología Vegetal, 19(2):85-97.

Suthar, R. K., Habibi, N., & Purohit, S. D. (2011). Influence of agar 
concentration and liquid medium on in vitro propagation of 
Boswellia serrata Roxb. Indian Journal of Biotechnology, 10:224-227. 

Teixeira da Silva, J. A. et al. (2020). Shoot tip necrosis of in 
vitro plant cultures: A reappraisal of possible causes and 
solutions. Planta, 252:1-35. 

Torres-Silva, G. et al. (2020). Anatomy, flow cytometry, and X-ray 
tomography reveal tissue organization and ploidy distribution 
in long-term in vitro cultures of Melocactus species. Frontiers in 
Plant Science, 11:1314. 

Wang, L. et al. (2019). The highly drought-tolerant pitaya (Hylocereus 
undatus) is a non-facultative CAM plant under both well-watered 
and drought conditions. The Journal of Horticultural Science and 
Biotechnology, 94(5):643-652. 

Yadav, A. et al. (2024). A review on genetic resources, breeding status 
and strategies of dragon fruit. Genetic Resources and Crop Evolution. 

Yang, X. et al. (2021). Response mechanism of plants to drought 
stress. Horticulturae, 7(3):50.


