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In this study, we investigated for the first time the effect of neem oil as an organic additive on the quality of
in vitro banana plantlets during the rooting and acclimatization stages. Treatments at different concentrations of
neem oil on rooting media were added and evaluated. The results showed that the addition of neem oil to the
rooting medium had an effect on the establishment of in vifro shoots and the development of in vitro plantlets
during the hardening stage. Among the different concentrations, when 0.5 mL/L neem oil was added to the rooting
medium, the plantlet height, root number, root length, and plantlet weight were better than those of the control
plantlets. Higher concentrations of neem oil (1-2 mL/L) in the medium inhibited the growth of in vitro plantlets.
Consequently, these treatments affected their development in the acclimatization stage. The results showed that an
appropriate concentration of neem oil had a significant effect on the quality of in vitro banana plantlets. Thus, this
study highlights the potential application of a new organic additive in banana culture as well as in other species to

improve the quality of in vitro plantlets.

1. INTRODUCTION

Banana (Musa spp.) is one of the most important food crops in the
world due to its nutritional and economic values [1]. Bananas are
mostly grown in subtropical and tropical countries [2]. According
to FAOSTAT, in 2024, total world banana export quantities are
estimated at around 19.1 million tonnes from main exporters such
as South America, Central America, the Caribbean, Asia, and
Africa. The demand for global banana production is increasing
constantly [2]. Among popular banana varieties grown for production,
the Cavendish banana is the most common and traded variety [3].
In the banana industry, it is required that the plants supplied to the
growing areas be disease-free, have a large number of plantlets at
the same developmental stage during the growing season, and be of
high quality. The traditional method for propagation, such as suckers,
is not suitable for the requirements of banana cultivation. Nowadays,
using plant tissue culture technology for banana micropropagation
is one of the effective alternatives to obtain high-quality and high
propagation rates of banana plantlets. Starting from a single explant,
propagators can produce up to 10,000 plantlets in 8 months [4]. These
high-tech technologies have been applied in many countries and are
constantly being improved to optimize in vitro plantlet quality and
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reduce production costs [5]. The effects of different components of
propagation medium, such as vitamins, plant growth regulators,
sugar, micronutrients, or amino acids, on banana production have
been studied and demonstrated [6]. These components determine
the quality of the plantlets, including the morphology, physiology,
growth, and development. From the perspective of the various stages
of banana micropropagation technology, the rooting stage is the period
for regenerated plants to induce roots, improve shoot elongation, and
increase the biomass of in vitro plants [7]. Therefore, the rooting
stage has a great influence on the plantlet quality and consequently
contributes to the plantlet growth in the field. Several studies have
identified the optimal culture medium composition for the in vitro
rooting stage of banana, such as selecting the culture systems [8],
adding organic additives (coconut water) [9], supplementing with
copper sulfate [10], or calcium nitrate [11]. Among these factors, the
incorporation of organic additives into the culture medium may be
an effective solution due to their cost-effectiveness, environmental
sustainability, efficiency in micropropagation rates, and capacity for
maintaining genetic stability in regenerated plants [12]. Therefore,
it is necessary to find a suitable substance to improve the quality of
tissue-cultured banana plants in a stable approach that can be applied
on a large scale. Recently, neem oil was used as a “complex mixture”
to increase the shoot proliferation rate and shoot quality of in vitro
olive micropropagation [13,14]. Interestingly, the addition of neem oil
(0.1 mL/L) into the proliferation medium could obtain well-developed
olive shoots under lower zeatin concentration. Besides that, adding
neem oil to different rooting substrates exhibited no positive effect
on the rooting parameters of olive plantlets [14]. Neem oil is a natural
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substance that contains different components, such as triglycerides,
triterpenoids, Vitamin E, phenols, and has been used as a fertilizer,
pesticide, and organic additive for in vitro propagation [14,15].
Therefore, the application and effect of neem oil in plant tissue culture
of different plant species remains to be explored. The aim of this
research was to test the efficiency of neem oil on the establishment
of in vitro banana shoots and the acclimatization of induced plantlets.

2. MATERIALS AND METHODS

The Cavendish banana shoots used in this study were subcultured on
the multiplication medium, including MS salt [16] supplemented with
2 g/L 6-benzylaminopurine, 30 g/L sucrose, and 6 g/L agar [9]. Single
uniform-sized shoots were selected to transfer to the rooting medium.

To evaluate the effect of neem oil on the development of banana shoots
in the rooting stage, five different concentrations of neem oil (0-control,
0.25,0.5, 1, and 2 mL/L) were added to MS medium, including 30 g/L
sucrose and 6 g/L agar. Neem oil used in this study is a commercial
product (Docneem®, Vietnam). The media with all compositions (MS
medium, sucrose, and neem oil) except agar were adjusted to a pH
of 5.8 before autoclaving. The media were autoclaved at 121°C for
20 min. Subsequently, the shoots that were 2 cm long were cultured in
glass vessels with tested media (5 shoots/vessel). In this experiment,
90 single shoots (replicates) were used for each treatment with three
replications. The cultures were maintained for 4 weeks in a growth
room at 25°C£2 under a photoperiod of 16 h. After 4 weeks, the
rooted plants were washed out of the agar, and the attached water was
removed with tissue paper. Then, the growth parameters of explants
were assessed, including plant height (cm), root number, root length
(cm), and plant fresh weight (g).

To evaluate the effect of neem oil on plantlet development, in
vitro rooted banana plantlets treated with different concentrations
of neem oil were taken out from culture bottles and washed with
distilled water to remove agar. Subsequently, all plantlets were
transplanted into plastic trays containing a sterilized mixture of
coco coir, vermicule, and horticulture soil (1:1:1). The trays were

covered with clear plastic lids to maintain the relative humidity
(80-90%) and kept in a greenhouse. After 2 weeks, the lids were
removed, and the plants’ survival percentages were evaluated.
Next, the trays were continuously kept under greenhouse conditions
for 2 weeks. Then, the growth pattern of plantlets was evaluated,
including plant height (cm), root number, root length (cm), and
plant fresh weight (g).

The following parameters were collected after 4 weeks of in vitro

culture or greenhouse culture.

e Plant height (cm): Average length of generated shoot

e Root number (n): Average number of induced roots from
generated shoots or plantlets

e Root length (n): Average length of five longest induced roots per
generated shoots or plantlets

e  Fresh weight (g): Average fresh weight per plantlet.

Data were presented as the mean with standard error. Statistical analysis
was performed using One-way analysis of variance by GraphPad
Prism (version 9.3.1). The comparisons of mean values were carried
out through Tukey’s multiple comparisons test.

3. RESULTS

In this experiment, the shoots were excised and transferred to rooting
media with different concentrations of neem oil. After 4 weeks of
culture, all shoots grown on MS medium supplemented with neem
oil showed root induction and were fully transformed to plantlets
[Table 1]. However, the morphology of plantlets, such as plant
height, root number, root length, and plant weight, showed significant
differences when different concentrations of neem oil were added to
the rooting medium [Table 1, Figures 1 and 2].

Supplementation of 0.25 mL/L or 0.5 mL/L neem oil to the rooting
medium can increase the height of the plantlets. There is no difference
in the mean values of plant height in the medium supplemented with
1 mL/L of neem oil compared to the control (no neem oil added). In
contrast, supplementation with a higher concentration of neem oil
at 2 mL/L led to a decrease in the height of plants compared to the

Table 1: Effects of various neem oil concentrations on in vitro shoot performance in the rooting stage (4 weeks of culture).

Treatments  Neem oil (mL/L)  Root formation (%)

In vitro rooting stage

Height of plantlet+SE (¢cm)  Number of roots per explant=SE  Length of root+SE (cm)

T1 0 100 6.19+0.06" 7.36+0.18% 10.56+0.07°
T2 0.25 100 6.69+0.06° 7.09+£0.15° 11.42+0.05¢
T3 0.5 100 7.20+0.03¢ 7.87+0.10° 12.73+0.05¢
T4 1 100 6.13+0.05° 7.56+0.12% 11.20+0.06°
TS5 2 100 5.55+0.06* 5.11£0.117 6.75+0.06*
In each column, means with different letters are significantly different for P<0.05
Table 2: Effects of various neem oil concentrations on in vitro plantlet performance in the hardening stage (4 weeks in greenhouse).
Treatments Neem oil (mL/L) Survival rate (%) Hardening stage

Height of plantlet+SE (cm) Number of roots per explant+SE Length of root+SE (cm)
T1 0 100 8.73+0.17° 11.3040.15° 14.52+0.16°
T2 0.25 100 8.88+0.15° 10.98+0.22° 16.85+0.09¢
T3 0.5 100 9.47+0.15¢ 12.12+0.24¢ 17.67+0.12¢
T4 1 100 8.33£0.11° 11.52+0.22% 16.33+0.08¢
TS 2 100 7.15+0.09* 9.23+0.17% 10.47+0.19*

In each column, means with different letters are significantly different for P<0.05
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Figure 1: Weight of in vitro plantlets in different neem oil (NO) treatments.
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Figure 2: The morphology of in vitro banana plantlets at the rooting stage
(a) and hardening stage (b) after treatments with different neem oil (NO)
concentrations (T1: 0 mL/L NO, T2: 0.25 mL/L NO, T3: 0.5 mL/L NO,

T4: 1 mL/L NO, T5: 2 mL/L NO).

plants in the control treatment. The addition of neem oil to the culture
medium affected the number and length of roots in the plantlets. The
root number and root length were highest in the medium supplemented
with 0.5 mL/L neem oil. In the treatments with 0.25 mL/L or 1 mL/L
neem oil, no effect of this substance on the root number was observed.
Contrarily, the root length of plantlets was changed in all treatments.
The number and length of roots decreased in the medium supplemented
with 2 mL/L of neem oil. Similarly, neem oil in all tested concentrations
in the medium also affected the biomass of in vitro plants after 4 weeks
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Figure 3: Weight of plantlets from different neem oil treatments after 4 weeks

of acclimatization.

of culture. Rooting medium containing 0.25-1 mL/L of neem oil
promoted the growth of in vitro plants. The highest weight of in vitro
plantlets (1.25 = 0.02 g/plant) was observed on the plantlets cultured
on treatment with 0.5 mL/L neem oil (P < 0.05). Furthermore, it is
notable that the growth of in vitro plantlets was inhibited in the
media with 2 mL/L of neem oil. Overall, when 0.5 mL/L neem oil
was added to rooting media, it resulted in significantly enhanced
shoot development, root proliferation, and consequently, in vitro plant
biomass. In this experiment, all plants with roots induced on media
with different neem oil concentrations (Experiment 1) were planted
in mixed horticulture soil and transferred to greenhouse conditions to
observe the survival rate and growth pattern. The data showed that
at the hardening stage, the survival rate was 100% for all treatments.
In addition, plantlets in the treatments exhibited the same growth
pattern as in Experiment 1 (plantlet height, root number, root length,
and plantlet weight). Root length and plantlet weight of explants
were increased under 0.25-1 mL/L neem oil treatment compared to
the control group [Table 2, Figures 2 and 3]. As a result, the plantlets
in these treatments were healthier than those in the control treatment.
Plantlets rooted on medium with 0.5 mL/L neem oil (T3) showed rapid
growth, reaching the highest average weight of 1.77 g per plantlet
[Table 2]. Similar to the previous experiment, plantlets in the treatment
with 2 mL/L of neem oil (T5) were observed to decline in quality.
After 4 weeks of growth in the greenhouse, the plantlets (T5) were still
smaller than those in the other treatments.

4. DISCUSSION

This study highlights the impact of neem oil on banana culture. The
results clearly demonstrate that rooting medium supplemented with
an appropriate amount of neem oil induced root formation and root
development in banana. In addition, neem oil promoted the growth of
in vitro banana plantlets during the hardening stage. Therefore, these
data suggest that neem oil has a significant effect on the quality of
in vitro banana. This is the first time the effect of a new natural substance
(neem oil) on in vitro banana culture has been reported. Our results are
in agreement with previous studies on olive (Olea europaea L.), which
found that the addition of neem oil to the proliferation medium increased
the fresh/dry weight as well as root development of regenerated shoots
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[13,14]. These datasuggested thatneem oil could be used inmultiplication
and rooting stages to optimize the efficiency of micropropagation. To
date, neem oil’s chemical composition has been reported in different
observations by many authors. Neem seeds from the Cameroon sample
are dominated by fatty acids (39.02%), triterpenoids (36.58%, mostly
azadirachtin), and sterols (24.40%) [17]. Diedhiou et al. [18] reported
that the major compounds from Senegal neem were 5,6-dihydro-
2,4,6-triethyl-(4H) 1-3,5-dithiazine (39.1%), cis 1,2,4-Trithiolane, 3,
S-diethyl (7.9%), 1-H-indole 2,3-dione (7.9%), trans 1,2,4-Trithiolane,
3,5-diethyl (6.2%), and ethyl thioisobutyrate (4%). In addition, this
study also identified that most of the compounds were non-terpene
sulfur and nitrogen compounds [18]. Another study found that neem
oil is composed of more than 100 biologically active compounds [15].
Atta et al. [19] emphasized that crude neem oil is abundant with oil,
natural antioxidants (phenol, flavonoid compounds, and unsaponifiable
matter), and fat-soluble vitamins (Vitamins A, D, and K). These
studies have indicated that neem oil is a complex of components and is
different based on specific neem oil sources and geographical locations.
With typical chemical characteristics, the natural extract “neem oil” has
revealed a wide range of biological and pharmacological activities [20].
Thus, the variety of chemical compositions in neem oil could explain
the stimulation of the shoots and roots of in vitro explants. In this study,
neem oil was added to the rooting medium in small amounts and was
found to influence the morphogenesis of explants. However, increasing
the concentration of neem oil negatively affected the growth of in vitro
shoots and plantlets. These results suggest that neem oil may affect the
explants in a manner related to plant phytohormones. We hypothesize
that certain compounds in neem oil may affect the activity and
synthesis of endogenous plant phytohormones, leading to alterations
in the morphogenesis of the explants. Moreover, natural antioxidants in
neem oil could reduce oxidative damage and then improve the health
of plantlets. In addition, the presence of different compounds such as
vitamins, amino acids, and others could enhance nutrient availability
in the medium for in vitro shoots. As a result, applying neem oil at the
rooting stage with appropriate concentrations improved the quality of
the in vitro bananas. The results obtained here are in line with those
found by other studies that neem oil exhibited as a valuable natural
complex in plant tissue culture to enhance the quality of in vitro
plantlets [13,14]. As mentioned above, the quality of in vitro plants
is one of the most important parameters in commercial production.
These data could be a novelty for future studies on neem oil to be used
for the improvement of in vitro culture of banana and other species.
However, further research is required to investigate the mechanisms by
which neem oil promotes shoot and root development, facilitating its
application in other crops.

5. CONCLUSION

The present study showed that the addition of 0.5 mL/L of neem oil to
the rooting medium promoted the growth and vigor of banana plantlets
during the rooting and acclimatization stages. Compared with the
control, the treatment showed the enhancement of the root length, root
number, height, and weight of the banana plantlets. The effect of neem
oil in banana tissue culture emphasized the potential of this natural
additive to micropropagation systems of different species to improve
the quality of in vitro plantlets.
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