
Revista RG News 11 (1), 2025 - Sociedade Brasileira de Recursos Genéticos 

15 

 

I - Artigo Científico 

Osmotic Regulators in the In Vitro Conservation of Cassava  

(Manihot esculenta Crantz) 
 

Ricardo Josué Macia1, Everton Hilo de Souza1, Antônio da Silva Souza2 e Fernanda Vidigal Duarte Souza2  
 

Abstract The use of osmotic regulators in in vitro germplasm conservation, aimed at reducing plant metabolism 

and growth, is one of the strategies employed for the proper management of these collections. This study aimed 

to evaluate the effect of different concentrations of mannitol and sorbitol, either isolated or in combination with 

sucrose, on the reduction of in vitro growth of cassava plants of the cultivar Aipim Brasil. For the experiments, 

shoot tips were cultivated in MS medium supplemented with 1.0 mg L⁻¹ of thiamine, 100 mg L⁻¹ of inositol, 

0.02 mg L⁻¹ of NAA, 0.04 mg L⁻¹ of BAP, 0.05 mg L⁻¹ of GA₃, 20 g L⁻¹ of sucrose, and 2.4 g L⁻¹ of Phytagel®, 

with the pH adjusted to 5.8. The culture was maintained in a growth room at 27 ± 1 ºC, with a photoperiod of 

16 hours and a photon flux density of 22 µE m⁻² s⁻¹ for 30 days. For conservation, two experiments were con-

ducted in a completely randomized design, in a factorial scheme (2 x 3), with two sucrose concentrations (0 and 

20 g L⁻¹) and three concentrations of mannitol or sorbitol (0, 5, and 10 g L⁻¹), using the 8S medium as the base. 

Incubation was carried out at 21 ± 1 ºC, with a photon flux density of 18 µE m⁻² s⁻¹ and a 12-hour photoperiod. 

In both experiments, the absence of sucrose strongly impaired plant development. Mannitol showed a stronger 

growth-reducing effect compared to sorbitol. A concentration of 10 g L⁻¹ of both sugars critically inhibited 

growth, demonstrating that the induced water stress was not tolerated by the plants, negatively impacting their 

development. The treatment with 20 g L⁻¹ of sucrose, without the addition of mannitol or sorbitol, provided the 

best results under the conditions established in this study, enabling the conservation of plants for a period of 12 

months. 
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(Reguladores osmóticos na conservação in vitro da mandioca (Manihot esculenta Crantz) A utilização de reguladores 

osmóticos na conservação de germoplasma in vitro, com o objetivo de reduzir o metabolismo da planta e seu crescimento, 

é uma das estratégias empregadas para o manejo adequado dessas coleções. O objetivo deste trabalho foi avaliar o efeito 

de diferentes concentrações de manitol e sorbitol, isolados ou em combinação com a sacarose, na redução do crescimento 

in vitro de plantas de mandioca da cultivar Aipim Brasil. Para a obtenção de plantas destinadas aos experimentos, ápices 

caulinares foram inoculados em meio MS, suplementado com 1,0 mg L⁻¹ de tiamina, 100 mg L⁻¹ de inositol, 0,02 mg L⁻¹ 

de ANA, 0,04 mg L⁻¹ de BAP, 0,05 mg L⁻¹ de GA₃, 20 g L⁻¹ de sacarose e 2,4 g L⁻¹ de Phytagel®, com pH ajustado para 

5,8. O cultivo foi realizado em sala de crescimento sob temperatura de 27 ± 1 ºC, fotoperíodo de 16 horas e densidade de 

fluxo de fótons de 22 µE m⁻² s⁻¹, por 30 dias. Para a conservação, foram estabelecidos dois experimentos em delineamento 

inteiramente casualizado, em esquema fatorial (2 x 3), com duas concentrações de sacarose (0 e 20 g L⁻¹) e três concen-

trações de manitol ou sorbitol (0, 5 e 10 g L⁻¹), utilizando como meio básico o 8S. A incubação foi realizada a 21 ± 1 ºC, 

com intensidade de fluxo de fótons de 18 µE m⁻² s⁻¹ e fotoperíodo de 12 horas. Em ambos os experimentos, observou-se 

que a ausência de sacarose comprometeu fortemente o desenvolvimento das plantas. O manitol apresentou um efeito 

redutor de crescimento mais acentuado que o sorbitol. A concentração de 10 g L⁻¹ de ambos os açúcares inibiu o cresci-

mento de forma crítica, evidenciando que o estresse hídrico provocado não foi tolerado pelas plantas, interferindo negati-

vamente no seu desenvolvimento. O tratamento com 20 g L⁻¹ de sacarose, sem a adição de manitol ou sorbitol, promoveu 

o melhor resultado nas condições estabelecidas no trabalho, permitindo a conservação das plantas por um período de 12 

meses. 

Palavras-Chave: Euphorbiaceae; Conservação in vitro, Manitol; Recursos Genéticos; Sacarose; Sorbitol. 
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Introduction 

In recent years, the emergence of new technologies, 

land anthropization, and other factors have caused a rapid 

and profound erosion of genetic resources with real and 

potential value for food and agriculture. This erosion may 

lead to the extinction of invaluable agricultural materials, 

highlighting the critical role of germplasm collections in 

preserving these genetic resources (AMARAL et al., 

2004; PRIYANKA et al., 2021; SALGOTRA; CHAU-

HAN, 2023; PINTO et al., 2024). 

The strategies for germplasm conservation vary 

and depend on factors such as the reproductive system, 

sampling conditions, availability of physical, financial, 

and human resources, and political decisions (ENGEL-

MANN, 2012; PRIYANKA et al., 2021). Effective in situ 

conservation requires fundamental ecological and genetic 

knowledge of populations. However, social, economic, 

and political factors in the targeted area may influence the 

success of this approach (ENGELMANN, 2012; PRI-

YANKA et al., 2021). On-farm conservation, performed 

in collaboration with family farmers, plays a significant 

complementary role to in situ conservation (CLEMENT 

et al., 2007; MAXTED et al., 2020; PUNEETH et al., 

2024). 

Seed conservation at low temperatures is ideal for 

orthodox species but not applicable to species with recal-

citrant seeds or vegetative propagation (VITIS et al., 

2020). Conversely, highly heterozygous species like cas-

sava, which do not genotypically reproduce the mother 

plant, are conserved in field collections. While requiring 

minimal technology, these collections demand large ex-

perimental areas, labor, and are vulnerable to pests and 

diseases (FERREIRA et al., 2022; SAMPAIO FILHO et 

al., 2024). 

These challenges underscore the need to develop 

alternative conservation techniques that can serve as se-

curity duplicates. In vitro conservation of micropropa-

gated plants has been widely used for various economi-

cally important species, particularly those propagated 

asexually, and serves as an effective security duplicate 

(CANTO et al., 2004; SOUZA et al., 2009; CARVALHO 

et al., 2017; SOUZA et al., 2019; 2020; SILVA et al., 

2021). A key advantage of this technique is the elimina-

tion of risks associated with field collections, along with 

the ability to maintain a large number of plants in a limited 

space (SILVA et al., 2016; 2021). 

The production of plants for conservation involves 

in vitro multiplication of accessions, requiring adjust-

ments to slow plant growth (SILVA et al., 2016; 2021). A 

drawback of this strategy is the need for periodic subcul-

turing, which is labor-intensive and susceptible to 

somaclonal variation (SILVA et al., 2016; 2021). Factors 

such as temperature, light intensity, osmotic concentra-

tion, and plant growth regulators influence plant growth 

and, when properly controlled, help extend subculturing 

intervals (SILVA et al., 2020; 2021). 

The strategy of maintaining plants in slow or mini-

mal growth rates has been successfully applied, particu-

larly for the conservation of meristematic apices of vari-

ous species (SOUZA et al., 2019; 2020; SILVA et al., 

2016; 2020; 2021; RAI et al., 2022). This technique dras-

tically reduces plant metabolism without compromising 

viability by inducing osmotic stress, reducing light inten-

sity or temperature, adding growth retardants, or decreas-

ing the concentration of salts and organic components in 

the culture medium (SILVA et al., 2016; BENELLI et al., 

2022). 

Osmotic agents such as mannitol and sorbitol, 

when added to the culture medium, remove excess intra-

cellular water through osmotic gradients, promoting 

slower growth (THORPE et al., 2008; BENELLI et al., 

2022; OLIVEIRA; ALOUFA, 2022). Osmotic stress oc-

curs when differences in molecular concentration be-

tween the external and internal cell environments lead to 

water movement by osmosis, altering intracellular condi-

tions and affecting plant growth (MADAKADZE; SENA-

RATINA, 2000; MOREIRA et al., 2012; BENELLI et al., 

2022; OLIVEIRA; ALOUFA, 2022). 

For greater efficiency in reducing cellular metabo-

lism in vitro, it is recommended to combine factors such 

as incubation temperature, photon flux, photoperiod, and 

culture medium composition (BENELLI et al., 2022; 

OLIVEIRA; ALOUFA, 2022). Among medium compo-

nents, sugars significantly influence plant growth. Manni-

tol and sorbitol, as alcoholized sugars with difficult me-

tabolism, are more effective than sucrose in limiting 

growth. These sugars interact with sucrose content and 

conservation temperature, influencing plant metabolism 

(BENELLI et al., 2022; OLIVEIRA; ALOUFA, 2022). 

Additionally, due to their highly hydroxylated na-

ture, these sugars can replace water in cytoplasmic poly-

saccharides, maintaining normal enzyme and membrane 

functions under osmotic pressure (AFZAL et al., 2021; 

CARBÓ et al., 2023). Mannitol and sorbitol have been 
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evaluated as growth retardants in various species in vitro, 

including sugarcane (LEMOS et al., 2002), passion fruit 

(FARIA et al., 2006), bromeliads (MOREIRA et al., 

2012), mangaba (JESUS et al., 2010; SANTOS et al., 

2011), potato (GOPAL; CHAUHAN, 2010), Poincianella 

pyramidalis (SILVA et al., 2019), and Epipactis flava 

(LINJIKAO et al., 2024). 

In cassava, studies conducted at CIAT (1984) eval-

uated the use of acetylsalicylic acid, silver nitrate, and dif-

ferent concentrations of mannitol or sorbitol, as well as 

their combinations, for germplasm maintenance. Results 

indicated that sucrose-sorbitol combinations could retard 

in vitro growth, although toxicity was observed in some 

cases (CIAT, 1984). Due to genotype dependency, further 

trials are necessary. 

Unnikrishnan and Sheela (2000) evaluated sucrose 

and mannitol as osmotic agents in the in vitro conserva-

tion of six cassava cultivars, reporting significant effects. 

However, incubation temperatures of 27 ± 1 ºC led to 

rapid initial growth followed by quick deterioration, a 

condition undesirable for conservation. Some sucrose-

mannitol combinations also showed deleterious effects. 

The objective of this study was to evaluate the ef-

fects of osmotic regulators, such as mannitol and sorbitol, 

alone or combined with sucrose, on reducing cassava 

plant metabolism in vitro for germplasm conservation. 

 

Materials and Methods 

Plant Material 

The cultivar Aipim Brasil (BGM-1660) was se-

lected for this study due to its widespread use for various 

purposes and cultivation in different regions of Brazil. 

 

Establishment of Explants 

Cuttings from adult plants were planted in polyeth-

ylene pots containing a mixture of Plantmax® substrate 

and coconut fiber at a 2:1 ratio. After 21 days, apical re-

gions of the shoots emerging from the cuttings, measuring 

2 cm in length, were collected and placed in containers 

with distilled water. The disinfection process was per-

formed under a laminar flow hood. Shoots were disin-

fected in 50% ethanol for three minutes, followed by treat-

ment with 0.25% sodium hypochlorite for three minutes, 

and then rinsed three times in sterilized distilled water. 

Following disinfection, shoot apices were excised 

under a stereomicroscope using a scalpel and forceps. The 

apices were inoculated into "4E" culture medium contain-

ing MS salts (MURASHIGE; SKOOG, 1962), supple-

mented with 1 mg L⁻¹ thiamine, 100 mg L⁻¹ inositol, 0.01 

mg L⁻¹ NAA (naphthaleneacetic acid), 0.04 mg L⁻¹ BAP 

(benzylaminopurine), 0.05 mg L⁻¹ GA₃ (gibberellic acid), 

20 g L⁻¹ sucrose, solidified with 2.4 g L⁻¹ Phytagel®, and 

adjusted to a pH of 5.8. 

Incubation was conducted in a growth chamber at a 

temperature of 27 ± 1 ºC, with a photoperiod of 16 hours 

and a photon flux density of 30 µmol m⁻² s⁻¹ for 30 days 

to establish the explants. 

 

In vitro Multiplication of Plants 

The multiplication stage consisted of three subcul-

tures, using microcuttings approximately 1.2 cm long, 

each containing an apical bud and/or a lateral bud. The 

first subculture was conducted 60 days after the establish-

ment phase, with subsequent subcultures performed at 60-

day intervals. 

 

In Vitro Conservation 

Shoot apices obtained from the multiplication stage 

were inoculated into culture medium in test tubes (25 mm 

x 150 mm) sealed with PVC plastic and incubated in a 

conservation chamber. The incubation conditions were: 

temperature of 21 ± 1 ºC, photon flux density of 22 µmol 

m⁻² s⁻¹, and a photoperiod of 12 hours. 

The basal medium used was "8S," developed at the 

International Center for Tropical Agriculture (CIAT), 

Cali, Colombia (CIAT, 1984). This medium consists of 

MS salts and vitamins (MURASHIGE; SKOOG, 1962), 

supplemented with 0.01 mg L⁻¹ NAA, 0.02 mg L⁻¹ BAP, 

0.1 mg L⁻¹ GA₃, solidified with 2.4 g L⁻¹ Phytagel®, and 

adjusted to a pH of 5.8. 

Additionally, the medium was supplemented with 

sucrose, mannitol, and sorbitol in two separate experi-

ments: 

Experiment 1: Two sucrose concentrations (0 and 20 g 

L⁻¹) were tested in combination with three mannitol con-

centrations (0, 5, and 10 g L⁻¹). 

Experiment 2: The same sucrose concentrations (0 and 20 

g L⁻¹) were tested in combination with three sorbitol con-

centrations (0, 5, and 10 g L⁻¹). 
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Figure 1. Steps for the establishment and multiplication of cassava (Manihot esculenta Crantz) for in vitro conservation 

studies. A) Plants cultivated in a greenhouse to provide starting material. B) Stem cuttings in pots in the greenhouse. C) 

Collection of shoot apices. D) Apices placed in distilled water. E) Disinfection using 50% ethanol, 0.25% sodium hypo-

chlorite, and autoclaved water. F) Stereomicroscope used for shoot apex excision. G) Shoot apex excision with the aid of 

a scalpel and tweezers. H) Establishment of shoot apices in culture medium. I) Plant multiplication in culture medium. 

 

Evaluations 

Assessments were conducted after 12 months of 

conservation, considering the following variables: plant 

height (cm), number of microcuttings, number of green 

leaves, and number of senescent leaves. 

 

Experimental Design 

A completely randomized factorial design (2 x 3) 

was adopted, involving two sucrose concentrations and 

three mannitol or sorbitol concentrations, totaling six 

treatments with 20 replications. Each experimental unit 

consisted of one plant per test tube.  

To homogenize data variance, statistical transfor-

mations were applied. Means were compared using 

Tukey’s test at a 5% significance level, utilizing the sta-

tistical software SAS Institute (2022). 

 

Results and Discussion 

Experiment 1 

The analysis of variance showed that both individ-

ual factors and their interaction significantly affected all 

analyzed variables. The absence of sucrose did not result 

in significant differences across all variables, regardless 

of the mannitol concentration used (Table 1 and Figure 2). 

In contrast, adding 20 g L⁻¹ of sucrose produced positive 

results for all variables, underscoring its importance in 

plant development (Table 1 and Figure 2). 

The best outcomes occurred in treatments contain-

ing 20 g L⁻¹ of sucrose without mannitol, highlighting this 

treatment's superiority over sucrose absence. However, an 

exception was noted for the treatment with 10 g L⁻¹ of 

mannitol, where sucrose levels did not produce significant 

differences (Table 1). 

The growth-reducing effect was more pronounced 

in the presence of sucrose. Without this carbohydrate, 

mannitol doses did not produce statistical differences. 

However, with sucrose, higher mannitol concentrations 

intensified the growth reduction, likely due to osmotic 

stress caused by the combination of these sugars. 

The results confirm mannitol’s inhibitory effect on 

plant growth, independent of sucrose presence. This out-

come can be explained by reduced water and nutrient ab-

sorption, caused by increased water potential in the cul-

ture medium, as reported by Benelli et al. (2022). Alt-

hough mannitol is widely used for in vitro conservation 

due to its osmotic capacity, survival rates remain low for 
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several crops. For instance, in potatoes, only 37% of 

plants survived after nine months in 2 g L⁻¹ mannitol at 

27°C (FORTES; PEREIRA, 2001), rendering this treat-

ment unfeasible.

Table 2. Plant height, number of microcuttings, number of green leaves, and number of senescent leaves in cassava plants 

(Manihot esculenta Crantz) as a function of different sucrose and mannitol concentrations. 

Mannitol (g L-1) 
Sucrose (g L-1) 

0 20 0 20 

 Plant height (cm) Number of microcuttings 

0 2.26 aB 11.40 aA 1.35 aB 7.11 aA 

5 1.94 aB 4.60 bA 1.16 aB 2.54 bA 

10 1.49 aA 2.55 cA 1.00 aA 1.35 cA 

CV (%) 19.42 18.49 

Means 4.07 2.44 

 Number of green leaves Number of senescent leaves 

0 1.20 aB 4.55 aA 4.35 aB 6.72 aA 

5 2.94 aB 3.63 bA 3.33 aB 5.45 aA 

10 1.33 aA 1.64 cA 3.06 aA 3.41 bA 

CV (%) 26.40 22.92 

Means 1.70 4.36 

Means followed by the same lowercase letter in columns and uppercase letter in rows do not differ significantly according 

to Tukey's test at a 5% probability level. 

 

 

 
Figure 2. Cassava plants (Manihot esculenta Crantz) from different treatments after 12 months of in vitro conservation. 

A) 0 g L⁻¹ sucrose + 0 g L⁻¹ mannitol. B) 0 g L⁻¹ sucrose + 5 g L⁻¹ mannitol. C) 0 g L⁻¹ sucrose + 10 g L⁻¹ mannitol. D) 

20 g L⁻¹ sucrose + 0 g L⁻¹ mannitol. E) 20 g L⁻¹ sucrose + 5 g L⁻¹ mannitol. F) 20 g L⁻¹ sucrose + 10 g L⁻¹ mannitol. 
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Sucrose’s role as a carbon source was confirmed by 

the limited development observed in treatments without 

it. According to Grattapaglia and Machado (1998), Silva 

et al. (2016; 2020), and Souza et al. (2020), sucrose is the 

most commonly used carbon source in in vitro culture 

protocols, essential for cellular differentiation and proper 

plant development. 

Other studies, such as those on bromeliads of the 

genus Aechmea Ruiz & Pav. (MOREIRA et al., 2012) and 

sugarcane (LEMOS et al., 2002), also evaluated com-

bined sucrose and mannitol use, with varying results. 

However, elevated concentrations of this osmotic agent 

consistently showed toxicity. 

In germinated Hancornia speciosa plants, Santos et 

al. (2011) reported that adding 15–20 g L⁻¹ of mannitol to 

the culture medium allowed conservation for up to 180 

days. However, the results of this experiment indicate that 

mannitol is unsuitable for the evaluated cassava variety, 

due to reduced numbers of green leaves and microcut-

tings, compromising regeneration and acclimatization af-

ter one year of cultivation. 

Even at 5 g L⁻¹, mannitol presence did not prevent 

leaf senescence compared to treatments with sucrose. The 

highest mannitol concentration (10 g L⁻¹) resulted in less 

senescence but correlated with fewer microcuttings and 

green leaves. The lowest averages were recorded in me-

dium containing 10 g L⁻¹ mannitol and 20 g L⁻¹ sucrose, 

confirming that high concentrations amplify its deleteri-

ous effects. 

While mannitol is often used to simulate water def-

icit conditions, its application requires concentration ad-

justments to maintain plant regenerative capacity. Balanc-

ing these factors is essential to avoid excessive stress, 

which compromises the integrity of conserved material. 

Root formation, observed only in treatments con-

taining 20 g L⁻¹ sucrose (Figure 2), was another relevant 

finding. Root development is critical for in vitro cassava 

conservation, as it reflects good plant development and 

facilitates direct acclimatization. Additionally, root pres-

ence enhances the success of conserved germplasm ex-

change. 

 

Experiment 2 

The analysis of variance revealed a significant in-

teraction effect between sucrose and sorbitol for plant 

height (cm) and the number of microcuttings (Table 2 and 

Figure 3). However, this interaction did not significantly 

affect the number of green or senescent leaves. 

The absence of sucrose did not result in significant 

differences in plant height or the number of microcuttings, 

regardless of sorbitol concentration. Conversely, treat-

ments with 20 g L⁻¹ sucrose significantly influenced these 

variables. Similar to the mannitol experiment, 5 g L⁻¹ sor-

bitol produced results comparable to those with sucrose 

alone, without toxic or deleterious effects. However, ab-

solute values remained lower than treatments with sucrose 

exclusively. 

Root formation occurred in treatments containing 

20 g L⁻¹ sucrose in both experiments, whereas 10 g L⁻¹ 

sorbitol was toxic and completely inhibited root system 

formation. Although the sucrose-sorbitol interaction did 

not significantly influence green or senescent leaf num-

bers, sucrose alone had a considerable impact. Its pres-

ence reduced the number of green leaves and increased 

senescent leaves, possibly due to the higher metabolism 

stimulated by the treatment, which promoted plant 

growth. 

Overall, the absence of sucrose severely compro-

mised plant development in both experiments, leading to 

low viability. Similar results were observed with high 

concentrations of osmotic agents, indicating that the in-

duced water stress was intolerable for the plants, nega-

tively affecting their growth and development. 

Garzón (1987) reported different results when com-

bining sucrose and mannitol for conserving six cassava 

cultivars. The combination was viable, but differences 

likely arose from significantly lower concentrations (10 g 

L⁻¹ sucrose and 0.5 g L⁻¹ mannitol). 

The 20 g L⁻¹ sucrose concentration yielded the best 

plant development in both experiments. In the mannitol 

experiment, even at low concentrations, plant metabolism 

decreased. However, this effect was not observed with 

sorbitol, highlighting differences in the action of these 

sugars. 

The results indicate that for the evaluated cultivar, 

mannitol was less effective than sorbitol, as it reduced 

plant growth to the detriment of its propagation viability. 

Osmotic agents’ efficiency in reducing cellular metabo-

lism for in vitro conservation shows high variability de-

pending on the species. Studies on Annona muricata L. 

(LEMOS; BAKER, 1998), sugarcane (LEMOS et al., 

2002), potato (FORTES; PEREIRA, 2001), and Podo-

phyllum L. (LATA et al., 2010) highlighted that reducing 

temperature was more effective than altering culture me-

dia, especially with mannitol and sorbitol.  
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Table 2. Plant height and number of microcuttings in cassava plants (Manihot esculenta Crantz) as a function of sucrose 

and sorbitol concentrations after 12 months of conservation. 

Sorbitol (g L-1) 

Sucrose (g L-1) 

0 20 0 20 

Plant height (cm) Number of microcuttings 

0 2.44 aB 8.94 aA 1.85 aB 6.00 aA 

5 2.53 aB 6.81 aA 1.76 aB 4.50 aA 

10 1.50 aA 2.82 bA 1.75 aA 1.00 bA 

CV (%) 18.20 10.25 

Means 4.14 2.81 

Means followed by the same lowercase letter in columns and uppercase letter in rows do not differ significantly according 

to Tukey's test at a 5% probability level. 

 

 

 
Figure 3. Cassava plants (Manihot esculenta Crantz) from different treatments after 12 months of in vitro conservation. 

A) 0 g L⁻¹ sucrose + 0 g L⁻¹ sorbitol. B) 0 g L⁻¹ sucrose + 5 g L⁻¹ sorbitol. C) 0 g L⁻¹ sucrose + 10 g L⁻¹ sorbitol. D) 20 g 

L⁻¹ sucrose + 0 g L⁻¹ sorbitol. E) 20 g L⁻¹ sucrose + 5 g L⁻¹ sorbitol. F) 20 g L⁻¹ sucrose + 10 g L⁻¹ sorbitol. 

 

 

Positive sugar use outcomes were observed in bro-

meliads (MOREIRA et al., 2012), Hancornia speciosa 

(SANTOS et al., 2011), and Passiflora (FARIA et al., 

2006). Nevertheless, osmotic agents continue to be inves-

tigated as a strategy for reducing cellular metabolism in in 

vitro culture, avoiding the use of plant growth regulators. 

According to Caldas and Buso (1998) and Lima et al. 

(2021), regulators directly affect plant metabolic path-

ways, potentially causing physiological or genetic disor-

ders, while osmotic agents act by reducing the culture me-

dium’s water potential. 

The results of this study suggest that the evaluated 

mannitol and sorbitol concentrations were too high, de-

spite their recorded reducing effect. Trials with concen-

trations below 5 g L⁻¹ are recommended to better evaluate 

these osmotic agents’ viability for in vitro conservation. 

 

Conclusion 

The absence of sucrose hindered plant development 

in both experiments, underscoring its role as an essential 

carbon source for in vitro cultivation. 
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Mannitol or sorbitol in sucrose-free media did not 

significantly influence plant development, highlighting 

these agents’ limitations without an available carbon 

source. 

In media with 20 g L⁻¹ sucrose, a synergistic effect 

between sucrose and osmotic agents (mannitol or sorbitol) 

reduced plant growth. This effect was proportional to the 

osmotic agents’ concentration: higher concentrations led 

to greater growth reduction. 

The 10 g L⁻¹ concentration of both osmotic agents 

critically affected plant development, indicating unsuita-

bility for in vitro conservation. 

The treatment with 20 g L⁻¹ sucrose alone provided 

the best results, ensuring adequate plant development and 

enabling conservation for 12 months. 
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