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ABSTRACT
Among the various genera of carnivorous plants, Nepenthes and Dionaea have gained prominence due to their greater 
diversity and their allelopathic, biological, medicinal, and pharmaceutical potential. Vegetative propagation of these 
genera offers advantages such as reduced production time, reproduction of important cultivars, and high multiplication 
potential. Thus, this study aimed to evaluate disinfestation methods and in vitro introduction of these two genera to 
enhance vegetative propagation. Nodal segments of Nepenthes graciliflora were used, testing three concentrations of 
calcium hypochlorite (0.75, 1.0, and 2.0%) for disinfestation and the presence and absence of PPMTM (Plant Preservative 
Mixture) in the nutritive medium. For Dionaea muscipula, rhizome sections were used, and we tested disinfection of donor 
plants with Kasumin® and the presence or absence of PPMTM in the culture medium. For disinfestation of N. graciliflora, 
PPMTM reduced the presence of microorganisms for up to 32 days of cultivation. Regarding calcium hypochlorite, a 2% 
concentration is recommended, with new tests needed to reduce contamination. For disinfestation of D. muscipula rhizomes, 
PPMTM resulted in the lowest contamination level, while Kasumin® provided the lowest oxidation rate. The combination of 
PPMTM and Kasumin® resulted in 60% sprouting of D. muscipula explants.

Keywords: Micropropagation; Carnivorous plants; Plant Preservative Mixture.

INTRODUCTION
Carnivorous plants can supplement their 

nutrition by digesting arthropods and even 
small animals through modified leaves (Adamec 
et al., 2021; Mithöfer, 2022). In Brazil, the 
commercialization and cultivation of these plants 
were restricted for many years to specific niches, 
such as plant collectors (Banasiuk et al., 2012). 
However, because of their landscaping potential, 
carnivorous plants have gained national prominence 
and become part of the flower and ornamental 
plant chain, a sector that grew by 9.95% in 2024 
(CEPEA; IBRAFLOR, 2025). Internationally, their 
cultivation is already quite widespread, which is 

due to the fact that this group of plants produces 
secondary metabolites (Makowski et al. 2024) 
that are targets of studies by pharmaceutical 
industries for their medicinal potential (Wójciak et 
al., 2023; Su et al., 2024). Furthermore, studies 
have already shown that these metabolites have 
biocidal characteristics when used against insects 
(Rahman-Soad et al., 2021), monocotyledons, and 
eudicotyledons (Valente et al., 2022). Despite some 
differences among the genera of carnivorous plants, 
something they have in common is the fact that 
they grow in places where cultivation conditions 
are scarce regarding nutrients, and by capturing 
and using insects as a source of nutrition, they 
would have a great advantage over other plants, 
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which obtain most of their nutrients through the 
soil (Torre, 2023). 

Two genera in this group are Nepenthes, 
which includes various species and hybrids, and 
Dionaea, which includes a single species, D. 
muscipula, popularly known as the “Venus flytrap” 
(Brewer and Schlauer, 2018). Their propagation can 
be done through cuttings and seeds in the case of 
Nepenthes, while Dionaeas, on the other hand, can 
be propagated by seeds, detached rhizomes, and 
leaves (Murthy et al., 2025).

Seeds are the traditional method of 
propagation for carnivorous plants; however, 
they are relatively slow, potentially taking several 
months to produce a single seedling (D’ Amato, 
2013; Murthy et al., 2025). Other factors also 
limit sexual propagation of these plants. The 
genus Nepenthes consists of dioecious plants, 
which depend on flowering synchronicity and 
environmental factors for successful crossing 
(Scharmann et al., 2019; Mao and Randayaphi, 
2004). For Dionaea muscipula, which shows 
natural variation and distinct cultivars (D’Amato, 
2013; Prawestri et al., 2024; Murthy et al., 2025), 
vegetative propagation is recommended to maintain 
its characteristics. 

In vitro cultivation of vegetative propagules 
is an alternative to reduce production time and, 
compared with conventional methods, can generate 
numerous shoots per explant (Miguel et al., 2020; 
Dwiati et al., 2023; Bhattacharjee et al., 2024; 
Almeida et al., 2025). The application of tissue 
culture techniques for large-scale propagation can 
be promising, as these plants exhibit a high growth 
rate and vigorous development in a controlled 
environment, as well as a great potential for 
regeneration through their leaves (Murthy et al., 
2025). 

The first step in in vitro plant cultivation 
involves explant selection, disinfestation, and 
in vitro establishment (Miguel et al., 2020; 
Bhardwaj et al., 2025), and this stage is among 
the most challenging. Carnivorous plants can 
present certain difficulties in their introduction as 
they tend to be sensitive to sodium hypochlorite 
(Brewer and Schlauer, 2018), the most commonly 
used disinfectant in tissue culture. Furthermore, 
this group of plants contains a large number of 
endophytic agents, such as fungi and bacteria 
(Bhore et al., 2013; Naseem and Kayang, 2021), 

which can possibly be controlled by using specific 
antibiotics in the culture medium.

PPMTM is a cheaper alternative to conventional 
antibiotics because, at ideal doses, it is an 
extremely effective preservative/biocide that can 
reduce endogenous contamination (Plant Cell 
Technology, 2025). Other disinfesting substances, 
such as calcium hypochlorite and Kasumin®, may 
also reduce contamination in in vitro-inoculated 
plant materials, making evaluation of their effects 
important. Based on these considerations, this 
study aimed to evaluate the disinfestation and in 
vitro introduction of two carnivorous plant species, 
Nepenthes graciliflora and Dionaea muscipula, from 
vegetative propagules using different concentrations 
of calcium hypochlorite, PPMTM, and Kasumin®.

MATERIAL AND METHODS
Nodal segments of Nepenthes graciliflora 

and rhizome sections of Dionaea muscipula were 
excised from mother plants initially cultivated 
in pots containing sphagnum moss, rice husks, 
and perlite, in a 2:1:1 ratio, and maintained in 
a greenhouse. For tissue disinfestation of both 
species, explants were first washed under running 
water using a soft brush. After initial cleaning, the 
explants were transferred to a Tween 20 solution 
(6 drops L-1), where they remained under agitation 
for 10 minutes. Upon completing the agitation, the 
explants were washed three times with distilled 
water. Subsequent disinfestation steps were 
performed in a laminar flow hood, following the 
methodology of each proposed test.

The culture medium used was autoclaved 
MS® (Murashige and Skoog 1962), supplemented 
with 10 mL L-1 of Vitamin (1g L-1 Thiamine, 1g 
L-1 Pyridoxine, 1g L-1 Nicotinic Acid, and 0.4g L-1 
Glycine) and 0.1 g L-1 Myo-Inositol, 25 g L-1 sucrose, 
and agar with pH adjusted to 5.7 ± 0.1. After 
inoculation, the material was maintained in a growth 
room at 25 ± 2ºC, with a 16 h photoperiod and a 
light intensity of 40 μmol m-2 s-1; this cultivation 
environment was identical across all experiments.

Nepenthes graciliflora

Nodal segments of Nepenthes graciliflora, 
approximately 2 cm long and exhibiting a vegetative 
bud located just above the leaf, were used as 
explants. The explants were immersed in a Nativo® 
(systemic fungicide) solution at 2 mL L-1 for 30 
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minutes. Subsequently, they were washed 3 times 
in autoclaved distilled water and immersed in 70% 
alcohol for 1 minute. Then, they were placed in 
calcium hypochlorite solutions at concentrations 
of 0.75, 1.0, and 2.0% (w/v), supplemented with 
Tween 20 (4 drops per 100 mL), for 30 minutes. 
After this process, the explants were washed 
three times with autoclaved distilled water. Before 
inoculation, the darkened parts of the explant 
extremities were removed with a scalpel. The 
explants were inoculated into MS® culture medium 
at half concentration of macro- and micronutrients, 
supplemented with 2 g L-1 activated charcoal, 7 g 
L-1 agar, and tested for the absence and presence 
of 1 mL L-1 of PPMTM in the culture medium. Test 
tubes containing 10 mL of nutritive medium, sealed 
with cling film, were used. The tubes containing 
the explants were kept in complete darkness for 7 
days before being transferred to the growth room.

A completely randomized design in a 3x2 
factorial scheme (three concentrations of calcium 
hypochlorite and the presence and absence of PPMTM 
in the culture medium) with 10 replicates was used. 
During 65 days, contamination, oxidation, and the 
number of shoots emitted were evaluated. 

Dionaea muscipula

D. muscipula plants were used, with a 
portion of them being subjected to the application 
of a 3 mL L-1 Kasumin® (systemic biocide) solution 
72 hours before disinfestation. The plants were 
kept in a protected location without foliar wetting 
for 7 days before in vitro introduction. The 
rhizomes were removed, and their leaves were 
discarded before disinfestation. The rhizomes were 
submerged in a 2.5% (w/v) calcium hypochlorite 
solution supplemented with Tween 20 (6 drops 
L-1). Subsequently, they were washed 3 times with 
autoclaved distilled water. The damaged extremities 
of the explants were removed with the aid of a 
scalpel, and then they were inoculated into MS® 
culture medium at half the concentration of macro- 
and micronutrients, supplemented with 1 g L-1 
polyvinylpyrrolidone, 6.5 g L-1 agar, and tested for 
the presence or absence of 2 mL L-1 of PPMTM. Test 
tubes containing 10 mL of nutritive medium and one 
explant per tube were used. The tubes containing 
explants were kept in complete darkness for 10 days 
and then transferred to the growth room.

A completely randomized design in a 2x2 
factorial scheme (presence and absence of Kasumin® 

and PPMTM) with 10 replicates was used. After 30 days, 
the percentages of contamination and oxidation, and 
the number of shoots emitted, were evaluated.

Data Analysis 

The data were subjected to analysis of 
variance (ANOVA), and means were compared by 
Tukey’s test at a 5% significance level, using R 
software version 4.3.3 (R Core Team, 2024).

RESULTS

Nepenthes graciliflora

PPMTM influenced the contamination rate 
of Nepenthes graciliflora nodal segments after 7, 
15, and 32 days of cultivation. Regarding calcium 
hypochlorite use, as well as its interaction with 
PPMTM, no significant differences (p<0.05) were 
observed (Table 1). At 65 days after inoculation, 
100% of the explants showed contamination, 
regardless of the treatment.

Table 1: Results of the variance analysis for the in 
vitro contamination rate of Nepenthes graciliflora nodal 
segments at 7, 15, 32, and 65 days after inoculation, 
as a function of disinfestation with PPMTM and calcium 
hypochlorite: CV%: Coefficient of Variation, P: p-value 
probability, *: Significant at the 5%probability level 
(p<0.05), ns: Not significant (p≥0.05).

P

DAYS PPMTM Calcium 
hypochlorite

PPMTM x Calcium 
hypochlorite

CV%

7 0.0004* 0.4204ns 0.1380ns 58.97

15 0.0046* 0.1226ns 0.5827ns 41.95

32 0.0327* 0.1323ns 0.1323ns 25.25

65 0.3217ns 0.3745ns 0.3745ns 0.00

Regarding oxidation and shooting rates 
of nodal segments, no significant differences 
were observed between treatments, and means 
for oxidation and shooting remained consistent 
throughout the evaluation period (p≥0.05). For the 
shoot variable, no shoot emission was observed in 
the test up to the 15-day evaluation.

The use of PPMTM, up to 32 days of the 
experiment, was a relevant factor for reducing the 
contamination rate of Nepenthes graciliflora nodal 
segments. The substance provided a delay in the 
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growth of fungi and bacteria in the culture medium 
(Table 2). At 7, 15, and 32 days, the treatments 
showed average contamination rates of 50%, 70%, 
and 86%, respectively. Treatments without PPMTM, 
by contrast, showed average contamination rates 
of 90%, 96%, and 100%, respectively.

Table 2: Mean values for the in vitro contamination rate 
of Nepenthes graciliflora nodal segments at 7, 15, and 32 
days after inoculation, as a function of the presence and 
absence of PPMTM, independent of calcium hypochlorite 
concentrations. Means followed by different lowercase 
letters in the column are significantly different according 
to Tukey’s test at a 5% significance level.

Contamination(%)

PPMTM 7 days 15 days 32 days

0 mL L-1 90a 96a 100a

1 mL L-1 50b 70b 86b

not statistically different; at 32 days, they showed 
mean sprouting rates of 10% in the treatment without 
PPMTM and 0% in the treatment with PPMTM, and at 
65 days, they showed mean sprouting rates of 6% 
regardless of the treatment. In the 0.75, 1.0, and 
2.0% calcium hypochlorite treatments, the average 
percentage of segments with shoots was 5, 0, and 15% 
at 32 days, and 5, 0, and 10% at 65 days, respectively.

Dionaea muscipula

of PPMTM use on oxidation, as did the biocide 
Kasumin®. The budding variable was influenced 
by the interaction between PPMTM and Kasumin® 
(Table 3).

PPMTM significantly reduced contamination of 
D. muscipula rhizome segments (Table 4).  Mean 
contamination rates were 35% in the presence of 
PPMTM and 100% without PPMTM. The results indicate 
that PPMTM in the culture medium significantly 
reduces microbial growth. Kasumin® in the explant 
donor plants did not affect contamination rates in 
the in vitro segments. Their mean contamination 
rates were 75% when Kasumin® was used and 60% 
when it was not.

For the oxidation percentage of D. muscipula 
explants, treatments with Kasumin® differed 
significantly (p<0.05) (Table 3). The averages 
indicate that Kasumin® reduced oxidation, with 
an average of 20% (Table 5). Treatments without 
Kasumin® showed 85% oxidation. Mean oxidation 
rates in the presence and absence of PPMTM did not 
differ significantly, at 60% and 45%, respectively.

For calcium hypochlorite treatments, no 
significant differences were observed in controlling 
contamination in Nepenthes graciliflora segments. 
The mean values for contamination, when 
evaluating the calcium hypochlorite factor, ranged 
between 60% and 100%, with all explants being 
contaminated by 65 days (Figure 1).

At 32 and 65 days, the presence of sprouting 
from vegetative buds in the nodal segments of 
Nepenthes graciliflora was observed (Figure 2). 
According to the F-test, the means for sprouting were 

Figure 1: Mean values of in vitro contamination of Nepenthes graciliflora nodal segments at 7, 15, 32, and 65 days 
after inoculation, as a function of three concentrations of calcium hypochlorite (0.75, 1, and 2%).
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Figure 2: Presence of sprouting from the vegetative bud 
present in the nodal segment of Nepenthes graciliflora 
at 65 days.

Table 3: Results of the variance analysis for the in 
vitro contamination, oxidation, and budding rates of 
Dionaea muscipula rhizomes, as a function of Kasumin® 
application and PPMTM use, at 42 days after inoculation. 
CV%: Coefficient of Variation, P: p-value probability, *: 
Significant at the 5%probability level (p<0.05), ns: Not 
significant (p≥0.05).

P

Variable PPMTM Kasumin® PPMTM x Kasumin® CV%

Contaminatio 0.000* 0.066ns 0.059ns 46.10

Oxidatio 0.285ns 0.0000* 0.2372ns 74.12

Prouting 0.000* 0.000* 0.000* 172.13

Table 4: Mean contamination values of Dionaea muscipula 
rhizomes inoculated in vitro as a function of PPMTM and 
Kasumin® use, after 42 days of inoculation. Means 
followed by different lowercase letters in the column are 
significantly different according to Tukey’s test at a 5% 
significance level.

CONTAMINATION (%)

PPMTM Kasumin®

Presence 35a 75a

Abcense 100b 60a

Table 5: Mean oxidation values of Dionaea muscipula 
rhizomes inoculated in vitro in response to the use of 
biocide Kasumin® and PPMTM, after 42 days of cultivation. 
Means followed by different lowercase letters in the 
column are significantly different according to Tukey’s 
test at a 5% significance level.

OXIDATION %

PPMTM Kasumin®

Presence 60a 20b

Abcense 45a 85a

For the shoot variable, there was a significant 
interaction effect between the factors, where 
only with the combined use of both substances, 
Kasumin® and PPMTM, was it possible to obtain 

shoots from the inoculated explants, with no such 
sprouting observed in treatments with the individual 
presence of the substances (Figure 3). 

Figure 3: Shoot development in Dionaea muscipula 
explants, based on Kasumin® application and PPMTM use, 
at 42 days after inoculation: Treatment with PPMTM and 
Kasumin® showing shoots (A), Treatment with PPMTM and 
without Kasumin® without shoots (B), Treatment without 
PPMTM with Kasumin® without shoots (C), Treatment 
without PPMTM and without Kasumin® without shoots (D).

When rhizomes were treated with Kasumin® 
and inoculated into culture medium with PPMTM, shoot 
formation occurred in 60% of the explants (Table 6).



6  –  Souza, A. C. S. de et al.

Plant Cell Cult. Micropropag., 22:e216, 2026

DISCUSSION
Several limitations affect the propagation 

of the genera Nepenthes and Dionaea. Nepenthes 
are dioecious plants (Scharmann et al., 2019; 
Lukmanasari et al., 2025), which hinders breeding 
because they do not exhibit sexual dimorphism. 
Consequently, identification is only possible at 
reproductive age, which can take five to seven 
years (Lukmanasari et al., 2025). Furthermore, 
flowering occurs at indeterminate times and periods 
and is influenced by plant nutrition and sunlight, as 
observed in other ornamental plants (Boulay et al., 
2000; Cai et al., 2025; Wang et al., 2025). When 
seed production is successful, germination and 
initial development are extremely slow, potentially 
taking up to two months. Additionally, temperature 
and humidity influence the process (Mao and 
Ranyaphi, 2007). Dionaea muscipula, on the 
other hand, is monoecious (Hewitt-Cooper, 2016) 
and accepts self-pollination and cross-pollination. 
However, it exhibits various natural variations, 
as well as cultivars with distinct appearances 
(D’Amato, 2013), making vegetative propagation 
strictly recommended to maintain its characteristics 
(Murthy et al., 2025).

This group of plants also harbors endophytic 
agents, usually acquired over time, that often 
play an important role in plant development by 
acting symbiotically with the plant. However, 
the presence of microorganisms at any stage of 
micropropagation affects explant development. 
In other words, plants infected with fungi and 
bacteria have compromised multiplication and 
rooting, which can lead to death (Al Samir et al., 
2026). These contaminants can be controlled by 
using specific antibiotics in the culture medium. 
Previous studies with pineapple (Ananas comosus) 
and Staphylea pinnata L. have demonstrated the 

use of antibiotics to control contamination (Leone et 
al., 2016; Szewczyk-Taranek et al., 2020). However, 
antibiotics can be a limiting factor. Selecting an 
antibiotic requires identifying the bacteria present 
within the explant, including whether they are 
Gram-positive or Gram-negative, for example. 
Furthermore, repeated antibiotic use can lead to 
bacterial resistance (Al Samir et al., 2026). Thus, 
initial management of donor plants and the use of 
broad-spectrum biocides in the culture medium 
can support disinfestation and explant introduction 
(Ram et al., 2024), serving as a viable alternative 
to antibiotics.

PPM™ is a broad-spectrum biocide used in 
plant tissue culture that can be added to the culture 
medium to reduce microbial contamination (Ram 
et al., 2024; Romadanova et al., 2022). Its effects 
on plant development may vary among species and 
culture conditions. In some cases, PPM™ can also 
reduce contamination associated with endophytic 
microorganisms (Ram et al., 2024; Romadanova 
et al., 2022).

For both genera, PPM™ proved efficient at 
reducing microbial contamination. The efficiency 
of the biocide in controlling microorganisms and 
its influence on in vitro growth has already been 
observed in other vegetatively propagated cultures, 
such as Nilgirianthus ciliatus, a vulnerable subshrub 
extensively exploited for its pharmacological 
properties. Nodal explants treated with a PPM™ 
pre-treatment, followed by inoculation in a medium 
also supplemented with the biocide, showed shoot 
regeneration with low contamination, suggesting 
that explant exposure time to PPM™ influences 
endophyte reduction (Ram et al., 2024). The 
efficiency of PPM™ is also observed in controlling 
bacterial contamination and its influence on the in 
vitro growth of sugarcane culture, where treatments 
with the biocide in culture medium were able to 
contain bacterial growth, with greater uniformity 
observed in seedling development using 0.75 
mL L–¹ (Digonzelli et al., 2005). Antibiotics can 
also be added to the culture medium to prevent 
contamination; however, conventional antibiotics 
are commonly associated with disadvantages 
such as low explant viability and reduced tissue 
regeneration potential (Tamošiūnė et al., 2022).

In addition to being added to the culture 
medium, PPM™ can also be used as an alternative 
disinfestation method. Compared with the 
conventional method using ethanol and sodium 

Table 6: Mean budding values of Dionaea muscipula 
rhizomes inoculated in vitro as a function of the interaction 
between PPMTM and Kasumin® factors. Means followed by 
different lowercase letters in the column and different 
uppercase letters in the row differ significantly by Tukey’s 
test at the 5% level of significance.

PROUTING (%)

PPMTM With Kasumin® Without Kasumin®

Presence 60 aA 0 aB

Abcense 0 bA 0 aA



PPMtm, Kasumin® and calcium hypochlorite in the disinfestation and in vitro introduction...

Plant Cell Cult. Micropropag., 22:e216, 2026

hypochlorite, PPM™ influenced contaminant 
control and the in vitro growth of other vegetatively 
propagated crops, such as Andean blueberry 
(Moreno-Peña et al., 2025). When used with 
another control agent, such as Tagstin, it was also 
possible to eradicate endophytic agents (Vivek et 
al., 2025).

Calcium hypochlorite can be used for the 
disinfestation of carnivorous plant explants (Brewer 
and Schlauer, 2018); however, the treatments 
did not differ from each other in controlling the 
contamination of Nepenthes graciliflora segments. 
This fact may result from insufficient concentrations 
of the active ingredient used for disinfestation. 
Although calcium hypochlorite is widely used, as 
is sodium hypochlorite, its efficacy depends on 
factors beyond active ingredient concentration, such 
as explant size and the duration of disinfestation 
(Quynh et al., 2022). Although calcium hypochlorite 
and the presence of PPM™ reduce the contamination 
rate, new concentrations and combinations must be 
tested to reduce microorganism levels in the culture 
medium and extend the contamination-free period.

The percentage of browning of plant materials 
is, for the most part, possibly a consequence of the 
oxidation of phenolic compounds present in the 
explant tissues, due to the reaction of polyphenol 
oxidases, which produces dark exudates in the 
medium and browning of the explant (Abdalla et 
al., 2022). Therefore, the use of antioxidants or 
adsorbents in the culture medium can help control 
phenolic browning (Abdalla et al., 2022), allowing 
better in vitro plant development (Verde et al., 
2021; Vrundha and Thomas, 2023).

Phenolization can contribute to explant 
oxidation, in which released phenols react with 
oxygen and may cause oxidative damage to plant 
cells (Abdalla et al., 2022). Phenol oxidation 
products can be phytotoxic and cause necrosis 
and, eventually, explant death (Abdalla et al., 
2022). For the continuity of in vitro cultivation, it 
is essential that the plant material remains alive 
after its introduction. Carnivorous plants exude 
growth-inhibiting phenolic substances into the 
culture medium (Teng, 1999). This exudation 
also causes explant oxidation and, consequently, 
their death. Plumbagin has been identified as a 
major compound in D. muscipula extracts. These 
extracts and plumbagin showed phytotoxic effects 
on Lactuca sativa and Allium cepa in bioassays 
(Valente et al., 2022).

When analyzing the oxidation of Nepenthes 
graciliflora nodal segments, PPM™ use had 
no effect; in both its presence and absence, 
the average was 16.6%. When using PPM™ to 
introduce lateral buds of Eucalyptus citriodora, 
oxidation in the explants was also observed 
(Donato et al., 2007). In the test, the authors 
used PPM™ as a pre-treatment and also added it 
to the culture medium. Although pre-treatment 
with PPM™ solution was efficient in controlling 
contamination of Eucalyptus citriodora, an increase 
in culture medium oxidation was observed. Silva 
et al. (2021) also observed that oxidation can be 
seen in the presence of PPM™, when compared to 
the effect of its absence.

Some oxidation of Nepenthes graciliflora 
explants was also observed in treatments with 
0.75, 1.0, and 2.0% calcium hypochlorite, with 
means of 15%, 10%, and 25%, respectively. The 
effects of calcium hypochlorite on contamination 
and subsequent plant development can vary with 
its concentration (Quynh et al., 2022), which 
reinforces the need to assess both disinfestation 
and explant response. In coconut embryo culture, 
Quynh et al. (2022) found that 0.5% calcium 
hypochlorite reduced contamination and favored 
shoot and root growth compared with the higher 
concentrations tested.

Studies show that overaccumulation of 
exudates by D. muscipula in the culture medium 
can compromise plant integrity (Teng, 1999). In 
D. muscipula leaf cultures, activated charcoal was 
required for bud initiation but was omitted after 
regeneration (Teng, 1999). Its effects therefore 
need to be considered according to the cultivation 
stage.

Pre-treatment of plant material before in 
vitro establishment can help reduce contamination 
(Ram et al., 2024; Romadanova et al., 2022). 
Shoot development in Nepenthes graciliflora was 
not influenced by the use of biocide, but for D. 
muscipula, the presence of PPM™ and the use 
of Kasumin® was decisive for shoot emission in 
explants. The results indicate that the morphogenic 
response can vary among species. When using 
PPM™ for wheat seed establishment, it was observed 
that increasing additions to the culture medium 
affected the development of germinated roots and 
shoots. This finding indicates that the concentration 
of PPM™ may affect plant development (Bošnjak 
Mihovilović et al., 2024).
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PPM™ combined with Kasumin® was an 
important factor in shoot development in D. 
muscipula. This occurs because, depending on the 
concentration and the plant species introduced 
in vitro, PPM™ in the culture medium can affect 
shoot regeneration (Romadanova et al., 2022). 
Kushnarenko et al. (2022) reported similar results 
when using PPM™ for walnut micropropagation, 
where the addition of 0.2% (v/v) resulted in both 
reduced contamination and an increased number 
of shoots per explant.

CONCLUSION
Thus, we conclude that PPMTM, calcium 

hypochlorite, and Kasumin® influence the success 
of the in vitro introduction phase of carnivorous 
plants from the Nepenthes and Dionaea genera. 
For disinfestation of Nepenthes graciliflora nodal 
segments, PPMTM and 2% calcium hypochlorite 
provide contamination control for 32 days. The 
use of PPMTM in the disinfestation of Dionaea 
muscipula rhizomes provides the lowest level of 
contamination when compared to the treatment 
without the biocide. Kasumin® application resulted 
in the lowest oxidation rate, and the combined use 
of PPMTM and Kasumin® aids shoot development 
from the introduced explant.
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