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ABSTRACT
Objective: To obtain protocols for clonal micropropagation, crop planning, and in vitro conservation of 
Rhyncholaelia digbyana (Lindley) Schltr. 
Methodology: The effects of the Kundson C basal medium and benzylaminopurine concentration were 
evaluated for clonal micropropagation. The treatment with the greatest number of shoots formed per apex was 
selected for crop planning. Experiments were conducted to determine the effect of basal medium Murashige 
and Skoog concentration at 2.2 gL1 and 4.4 gL1; sorbitol, mannitol, and sucrose at 1, 2, and 3% on slow 
growth. 
Results: The best treatment for clonal micropropagation and crop planning was identified as 21.60 gL1 
Knudson C with 8.80 M benzylaminopurine. This treatment resulted in uniform-sized shoots produced. The 
multiplication process can yield 10,240 seedlings in 12 months. Slow growth was achieved using Murashige 
and Skoog basal media at 2.2 gL1 with 1% mannitol. 
Implications: More experiments must be conducted to determine the best shoot induction conditions and 
improve resource efficiency. 
Conclusions: These findings represent the first report on micropropagation and ex-situ conservation to 
preserve germplasm for this species as an important resource for the floriculture industry.
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INTRODUCTION
 Orchids are highlighted in f loriculture, with a global revenue of more than 400 million 
US dollars (Kanlayavattanakul et al., 2018). Further, orchids have ethnopharmacological 
activities (Kaur et al., 2022). Conventionally, orchid propagation is 2 to 3 years. The 
availability of prized commercial orchids is limited due to the paucity of plant materials. 
Plant tissue culture is crucial in ensuring a supply of raw materials for the f loriculture 
industry (Bhattacharyya et al., 2023; Cazar et al., 2023). Plant tissue culture of orchids 
has been achieved with different focus. For example, propagation from asymbiotic seed 
germination of orchids such as Dracula felix (Luer), Thrichocentrum stramineum, Thunia 
marshalliana, and Dendrobium densiflorum (Quijia-Lamiña et al., 2023; Ramos-Ortiz et 
al., 2020; Pongener & Ranjan Deb, 2019). Clonal micropropagation from shoot tips 
culture of Brassavola nodosa and Doritis pulcherrima (Xu et al., 2022; Mondal et al., 2013). 
On the other hand, clonal micropropagation from Transverse thin cell layer (t-TCL) 
segments of Malaxis acuminata (Bhattacharyya et al., 2022). Clonal micropropagation 
from apices has been evaluated in species such as Delonix regia, Origanum scabrum, 
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Abelmoschus esculentus, and Trichilia pallida, using basal media such as Murashige and 
Skoog basal media (MS) (Alexopoulos et al., 2023; de Souza et al., 2021; de Oliveira 
Costa et al., 2020). In orchids, MS is the most used basal media for micropropagation 
(Ahmadi et al., 2023; Xu et al., 2022; Bhattacharyya et al., 2022;); as well as Knudson 
C (Pathak et al., 2022; Ramos-Ortiz et al., 2020), and Vacin and Went (Quijia-Lamiña 
et al., 2023; Sunitibala & Neelashree, 2018). For clonal micropropagation, cytokinins 
such as benzilamkinetinynopurine (BAP), kinetin, and zeatin are plant growth regulators 
(PGRs) that induce cell division, generation of shoots, initiation, and elongation of roots. 
Orchid micropropagation requires a crop planning if the purpose is to market them. 
This planning involves organizing time, materials, labor, and space to produce the 
number of plants needed according to the market demand in a stipulated time. On the 
other hand, the Orchidaceae family faces threats due to the disturbed integrity of the 
ecosystems (Fonge et al., 2019; Debnath & Kumaria, 2023). Although in situ conservation 
is essential for preserving plant species and maintaining genetic variability, it poses risks, 
such as invasion by pests, diseases, and natural disasters. Thus, ex-situ conservation is 
indicated for the conservation (Generoso et al., 2023). Ex-situ conservation is achieved 
through seed banks, a relatively low-cost method for preserving the genetic diversity of 
many individuals. An alternative to reduce labor and time spent is to induce slow plant 
growth to reduce the turnover frequency (Chappell et al., 2020; Generoso et al., 2023). 
Slow or minimum growth is a biotechnological tool for medium-term plant germplasm 
conservation under in vitro conditions, reduces the metabolic activity, i.e., the growth 
rate of in vitro cultures, by maintaining them on a modified growth medium or in altered 
culture conditions (Chauhan et al., 2019). Physical factors chemical substances for 
supplementation of culture media can be applied to conserve plants by the slow-growth 
method (Mayo-Mosqueda et al., 2022; El-Hawaz et al., 2019). These factors are evaluated 
individually or combined. In tissue culture media, slow growth using chemical substances 
is induced using sorbitol, sucrose, or mannitol. Mannitol is a sugar alcohol that causes 
osmotic stress by reducing plant water uptake, resulting in slower plant growth in tissue 
culture media (Chappell et al., 2020). Mannitol has been evaluated for slow growth in 
Morus alba, Vanilla planifolia, Saccharum spp., and Xanthosoma spp. (Espinosa-Reyes et al., 
2021; Bello-Bello et al., 2015; Bello-Bello et al., 2014; Rayas et al., 2013). Sorbitol is also 
an osmoregulatory agent used to slow the growth of bananas, potatoes, and Asparagus 
(Singh et al., 2021; Muñoz et al., 2019; Thakur et al., 2015;). Sucrose, another osmolyte, 
has also been evaluated for in vitro conservation through minimal growth in species 
such as Morus alba, Dioscorea alata, and Dioscorea rotundata (Espinosa-Reyes et al., 2021; 
Díaz et al., 2015). Rhyncholaelia digbyana (Lindl.) Schltr is distributed in southern Mexico, 
Guatemala, Honduras, and Costa Rica. It is an epiphytic plant that produces white or 
greenish, aromatic, long-lasting f lowers. This species has the largest f lower of the orchids 
found in the Yucatan Peninsula and has economic importance in hybridization processes 
(Wrigth et al., 2017; Sánchez-Martínez et al., 2002). Hence, this research aims to obtain 
clonal micropropagation, crop planning, and the conditions for conserving in vitro plants 
of Rhyncholaelia digbyana.
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MATERIALS AND METHODS
Plant material
 Fully closed Rhycncholaelia digbyana from five capsules fully closed were collected 
from experimental Field El Tormento, Campeche, Mexico, at the Instituto Nacional de 
Investigaciones Forestales Agrícolas y Pecuarias (INIFAP). The methods for disinfection 
of capsules and asymbiotic germination of plants are described by (López Puc & Herrera 
Cool, 2022).

Clonal micropropagation from apices
 For in vitro establishment, the apices were extracted from Rhyncholaelia digbyana 
in vitro plants of Bank germplasm of orchids of Research Center of Jalisco (CIATEJ). 
The apex size of 1 cm2 was taken and placed separately according to treatment. The 
factors evaluated were the basal medium’s concentration Knudson C (KC) and the BAP 
concentration, with two levels of each factor and one central. Point. The central point 
was the intermediate level of each factor. The dependent variables were the number 
of shoots per apex, shoot length, number of leaves, and leaf length. Five repetitions 
per treatment were performed, and the experimental unit was one explant per f lask. 
All treatments were supplemented with 15% coconut water and gel rite at 0.23% 
w/v. The apices were sown in clonal propagation treatments for 90 days. Conditions 
of the photoperiod room were 232 °C, 16/8 (light/darkness). The pictures of shoot 
development from the apex were captured using a Nikon stereoscopic microscope (zoom 
4, observation of 640 LP/mm).

Crop planning
 A plan was devised for the large-scale propagation of Rhyncholaelia digbyana plants 
through micropropagation. The most effective treatment for inducing the highest 
number of shoots per apex was selected. To produce around 10,000 plants, the number 
of propagation cycles required was calculated. The initial explants used were apices from 
in vitro seedlings (cycle 1), then at 3, 6, 9, and 12 months of culture, plants obtained 
were multiplied (cycles 2-4) subcultures in the same multiplication medium. During each 
cycle, the number of shoots developed was counted to estimate the multiplication rate of 
shoots per cycle.

Slow growth for in vitro conservation
 Slow growth experiments were conducted using 2 cm plantlets from asymbiotic 
germination and established in a factorial experiment of 223 for conservation. The three 
factors were the concentration of basal medium (2.2 gL1 and 4.4 gL1), type of carbon 
source (sorbitol, mannitol, and sucrose), and carbon source concentration (1, 2, and 3% 
w/v). Two controls evaluated were MS at 2.2 gL1 and 4.4 gL1) without a carbon source. 
All treatments were supplemented with Gelrite® SIGMA. Treatments with 2.2 gL1 of 
MS basal medium were solidified with 3.1 gL1 of Gelrite®, and treatments with 4.4 
gL1 MS were solidified with 2.2 gL1 of Gelrite®. The media pH was adjusted to 5.7 
before sterilization by autoclave at 121 °C for 15 minutes. Five plantlets per treatment 
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were cultured in 15025 mm tubes. After being cultured in a conservation medium for six 
months, variables such as plantlet growth and root growth in millimeters and new shoots 
and leaves were evaluated.
 The independent contribution of each variable on the induction of shoots and slow 
growth was analyzed by analyzing each response variable. Significant differences were 
calculated according to the LSD test at the 5% significance level using Stat graphics® 
Centurion XVI statistical software. Data were presented as means  standard error.

RESULTS AND DISCUSSION
Clonal micropropagation from apices
 This study presents the clonal propagation protocol by inducing Rhyncholaelia digbyana 
shoots from apices as explants. The induction of shoots from apices as an explant is 
possible because apical dominance is inhibited by the action of cytokinins, promoting 
the activation of axillary buds (de Souza et al., 2021). An advantage of clonal propagation 
is that it provides greater genetic stability since meristematic activation is less favorable 
to somaclonal variation events (de Oliveira Costa et al., 2020). In this study, clonal 
micropropagation was induced using Knudson C. This basal media is among the most 
used for micropropagation of orchids. It has been used in propagation from leaf explants 
of Vanda cristata. (Pathak et al., 2022), as well as shoot tip culture by Doritis pulcherrima 
Lindl. (Mondal et al., 2013). 
 The induction of shoots was significantly greater in the treatments with the highest 
concentrations of BAP (T3, T4, and T5). The highest average number of shoots was 
obtained using 21.60 gL1 of KC with 8.80 M BAP (T5) that showed a maximum 
multiplication rate (4.831.16, Table 1) like different authors (de Souza et al., 2021) 
obtained between 5 and 7 shoots per explant by adding 2.0 M BA to the MS medium. 
A similar response was obtained by Ram et al. (2014), where the maximum average shoot 
multiplication was 4.92 shoots per explant by adding 2.2 M of BAP to the MS medium. It 
is considered an acceptable multiplication rate in an intermediate range. The Pareto chart 
standardized showed that BAP concentration had a significant effect on the variables of 
the number of shoots and leaves (Figure 1A and Figure 2A, respectively). This agrees with 
what was obtained by De Souza (2020), where the addition of BAP to the culture medium 
promoted the formation of axillary shoots from apices in Trichilia pallida. However, BAP 
concentration did not significantly affect shoot and leaf length (Figure 1B and Figure 2B, 
respectively). Regarding shoot length, lower concentrations of KC produced longer shoots. 
A significant effect of KC concentration was found for the variable of shoot length (Figure 
1B) and number of new leaves (Figure 2A) at lower concentrations; these results can be 
related to the growth habit characteristics of epiphytic orchids, presenting nutritional 
minimal requirements (Mamani Sánchez et al., 2022). While for shoot production and leaf 
length, there was no significant effect (Figure 1A and Figure 2B). 
 On the other hand, the number and length of leaves, T1 (17.80 gL1 KC, 4.40 M 
BAP), was the treatment that showed the highest number of leaves compared to the other 
treatments. (Table 1). T5 presented the highest number of new shoots and shoot length 
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and was the third treatment with the largest shoots. Regarding the number of leaves, it 
was the second treatment with the highest number of leaves, so it was selected as the best 
treatment due to the morphology of the shoots with uniform size and the highest number 
of shoots produced.

Figure 2. Main effects of BAP and the Knudson C basal medium on the number and length of leaves during 
clonal micropropagation of Rhyncholaelia digbyana (Lindl.) Schltr.

Figure 1. Main effects of benzylaminopurine (BAP) and Knudson C basal medium on the number of new 
shoots, shoot length during clonal micropropagation of Rhyncholaelia digbyana (Lindl.) Schltr.
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Crop planning
 The plan to produce approximately 10,000 seedlings of Rhyncholaelia digbyana was 
carried out, considering that T5 produces an average of 4.8 shoots. For planning, 40 
apex explants from 40 mother plants were used, each apex being planted individually in 
a jar with its respective culture medium for the development of shoots. At the end of the 
cycle, 160 average seedlings were obtained; in turn, the apices were obtained from these 
seedlings. Subsequently, the formation of shoots was induced again. The multiplication 
process is repeated until 10,240 seedlings are obtained from 2,560 induction flasks (Table 2).

Slow growth for in vitro conservation
 The slow growth of Rhyncholaelia digbyana was achieved using mannitol at 1% like 
potatoes (Chappell et al., 2020); However, on Morus alba, mannitol reduced growth but did 
not improve survival and physical condition of the explants during their in vitro conservation 
(Espinosa-Reyes et al., 2021). There is evidence that depending on the response of the 
specific genotypes to media containing carbon sources, in Catasetum integerrimum, Castanea 
spp., slow growth can be obtained using sucrose (López Puc & Herrera Cool, 2022; Gomes 
et al., 2021) the sorbitol was the best option for Epidendrum chlorocorymbos and Vanilla 
planifolia conservation (Lopez-Puc, 2013; Divakaran et al., 2006). The sorbitol allowed 
more development of all variables’ growth evaluated in Rhyncholaelia digbyana. Hence, 
sorbitol can be an adequate way to allow development after a slow growth period. MS 
medium at 2.2 and 4.4 gL1 allows the slow growth of Rhyncholaelia digbyana plantlets, 
while in Vanilla planifolia, MS concentration was 1.5 gL1 (Divakaran et al., 2006). MS 

Table 1. Clonal propagation from the apices of Rhyncholaelia digbyana (Lindley) Schlter.

Treatments KC 
(gL1)

BAP 
( M)

Number of
Shoots

Shoot length of the 
new shoots (mm) Number of leaves Leaves length (mm)

T1 17.80 4.40 3.330.51a 24.834.30b 3.830.40b 13.01.89c

T2 28.40 4.40 3.331.75a 14.837.35b 2.661.36a 9.331.96a

T3 17.80 12.0 4.33 1.03ab 19.835.63ab 3.000.63ab 11.04.09ab

T4 28.40 12.0 4.660.81ab 17.503.50a 3.330.81ab 8.500.83a

T5 21.60 8.80 4.831.16b 19.003.68ab 3.500.54ab 9.831.47a

Different letters indicate significant statistical differences according to the Tukey test (p0.05). KC: Knudson C Basal Medium, BAP: 6 
benzylaminopurine.

Table 2. Crop plan for the production plants from apices of Rhyncholaelia digbyana (Lindley) Schlter with 
14 rate multiplication of seedling.

Cycle number Vegetal material 
source

Glass 
containers** Plants obtained Time (months)

1 40* 40 160 3

2 160 160 640 6

3 640 2560 2560 9

4 2560 2560 10240 12

* Seedlings (Initial source of apex explant). ** apex per glass container with 30 mL of 21.60 gL1 Knudson 
C and 8.80 M BAP.
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at 2.2 gL1 was used to conserve Arnica montana and Epindendroideae orchids (Petrova 
et al., 2021; Menezes-Sá et al., 2019). These results are relevant because there is scarce 
information about the in vitro propagation of Rhyncholaelia digbyana, so developing a clonal 
propagation protocol can be used for large-scale plant production. On the other hand, the 
slow growth protocol established will allow germplasm preservation, saving resources and 
replanting time.
 The treatment with the lowest plant growth was SL5 (2.2 gL1 of MS, 2% Sucrose); T5 
had no significant difference with SL1-T4 and SL6-T12 treatments. Despite T5 being the 
best treatment for slow growth, the plant morphology was disproportionate since it had 
greater root growth in a proportion of 1 to 6 (2.75 mm of plant growth and 16.75 mm 
of root growth). In SL6 (2.2 gL1 MS, 3% Sucrose), an average plant growth of 3.75 was 
observed, with 11 new leaves. However, in SL5 and SL6, the sucrose darkens the growing 
medium culture. Whereas SL10 (2.2 of gL1 MS, 1% mannitol), an average of 5.25 mm of 
plant and root growth was obtained, 0.25 and 0.75 shoots and roots, respectively (Table 
3), so this treatment was selected for the conservation of Rhyncholaelia digbyana. During 
a slow growth period, the carbon source had a significant effect on the variable for new 
shoots formed (Figure 3A), plant growth (Figure 3B), and new leaves formed (Figure 3C). 
The effect of the carbon source and MS strength had a significant effect on root growth 
variable (Figure 3D).

Table 3. Seedlings development of Rhyncholaelia digbyana (Lindley) Schlter in slow growth conditions.

Treatments MS 
(gL1)

Carbon source
(%)

Plant growth
(mm) 

Root growth 
(mm) New shoots New leaves

SL1 4.4 Sucrose 10 5.503.3abc 1.000.8a 1.000.1ab 9.002.1abcd

SL2 4.4 20 3.753.8ab 0.501.0a 0.500.1a 5.251.7abc

SL3 4.4 30 3.52.3 ab 0.750.9a 0.750.1ab 6.52.4abc

SL4 2.2 10 4.00.8ab 14.753.5ab 0.500.1a 2.000.7ab

SL5 2.2 20 2.70.9a 16.755.0ab 0.250.1a 0.750.2a

SL6 2.2 30 3.72.7ab 11.004.9ab 1.250.2abc 0.750.2a

SL7 4.4 Mannitol 10 7.02.8abcd 14.757.0ab 0.250.1a 3.001.1ab

SL8 4.4 20 5.00 6.2ab 11.253.9ab 0.000.0a 1.500.6ab

SL9 4.4 30 6.503.6abcd 10.758.3ab 0.250.1a 2.000.4ab

SL10 2.2 10 5.251.3ab 5.255.1ab 0.250.1a 0.750.1a

SL11 2.2 20 5.251.5ab 15.754.8ab 0.250.0a 1.250.2ab

SL12 2.2 30 5.251.0ab 11.752.3ab 0.000.0a 1.500.2ab

SL13 4.4 sorbitol 10 10.752.4cde 15.253.7ab 4.000.2bcd 18.255.4cde

SL14 4.4 20 8.752.9bcde 12.002.4 ab 5.250.5d 23.505.5e

SL15 4.4 30 8.252.5bcde 9.252.0ab 4.500.3cd 23.256.9e

SL16 2.2 10 12.753.6e 43.2511.0c 5.750.2d 25.253.3e

SL17 2.2 20 11.53.8de 28.759.1bc 5.000.2d 21.254.3de

SL18 2.2 30 8.252.9bcde 21.257.1abc 3.000.3abcd 14.252.7bcde

Different letters indicate significant statistical differences according to the Tukey test (P0.05). MS: Murashige and Skoog basal medium.
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CONCLUSION
 This work represents the first report on micropropagation and ex-situ conservation 
to preserve germplasm for this species as an important resource for the f loriculture 
industry.

Figure 3. The Pareto charts for plant and root growth, and the number of shoots and leaves formed during the 
slow growth period of Rhyncholaelia digbyana (Lindley) Schlter.
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