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Abstract

Although varietal selection and seaweed extract (SWE) application are known to influence banana propagation, their
combined effects on early vegetative growth parameters remain underexplored. This study evaluated the response of banana
varieties, specifically Red Dacca and Cuarenta Dias, were evaluated to SWE treatments in terms of formation of plantlets
and development of roots using corms. A factorial Completely Randomized Design (CRD) was employed, with variety as
Factor A and biostimulant treatment as Factor B (untreated, SWE at 5 ml L', SWE at 10 ml L', and a-naphthalene Acetic
Acid (ANAA) at 5 ml L"). Results revealed that the Red Dacca variety treated with SWE at 5 ml L' produced more
plantlets and improved root vigor, showing performance comparable to the commercial biostimulant; whereas Cuarenta
Dias performed best with ANAA treatment. With these results, it can be concluded that varietal response to biostimulant is
highly specific, wherein Red Dacca showed statistically comparable performance with the commercial standard, while the
other variety attained better performance with ANAA. These findings demonstrate that varietal response to biostimulants
is highly specific. SWE at 5 ml L' is recommended as a cost-effective alternative for Red Dacca propagation. Further trials
encouraged across diverse environments are recommended to validate these results.
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Introduction

Banana (Musa spp.) ranks among the top-traded fruit crops,
providing livelihoods and contributing to food security
(Singhetal., 2016; Varma and Bebber, 2019). Cuarenta Dias
and Red Dacca banana varieties are both popular for their
sweetness and vibrant colors, which make them more
appealing to consumers, serving as alternatives to the popular
yellow bananas. Red Dacca stands out due to its unique
combination of agronomic and nutritional traits, while its
cultivation supports farming communities. It has
scientifically validated anti-aging effects, positioning it as a
valuable resource for developing nutraceutical products that
combat oxidative stress and age-related diseases. This crop
is rich in nutrients such as phenolic compounds, tannins,
anthocyanins, and antioxidant minerals, and also possesses
desirable agricultural characteristics (like its changing color
and appealing aroma) and potential benefits (Thiruppathi et
al., 2023). On the other hand, Cuarenta Dias banana is known
for its desirable organoleptic qualities, which contribute to
its increasing prominence in fresh-produce markets (Salazar
and Serrano, 2013).

The high cost of planting materials of banana, which is 4 to
8 times more expensive than vegetative propagated suckers
(Suryanarayana et al., 2018), is one of the main constraints
of marginal and poor farmers. Macropropagation is an
alternative approach to in vitro propagation, which requires
simple methods and inexpensive tools, and can be easily
adopted by the marginal farmers in producing clonal planting
materials. Through this propagation technique, a single corm
could result in the formation of 10 to 30 plantlets in a short
period of time (Kasyoka et al., 2010).

The cultivation system of banana relies on methods and
techniques, site selection, nutrient and water management,
and pest and disease control to ensure high productivity and
improved fruit quality. Propagation of banana via sucker-
based conventional field techniques remains prevalent with
ease and low-cost implementation, primarily relying on the
lateral shoots of the parent corms (Kumar et al., 2018). The
integration of SWEs as a biostimulant in corm-based Musa
cultivation offers a sustainable approach in enhancing the
overall performance of the crop throughout the propagation
process under a controlled environment conditions.
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SWEs are known for their valuable biostimulant properties
which could enhance the growth and development of the
crops and increase stress resilience ability (Battacharyya et
al., 2015). They act as alternatives to chemical fertilizers,
efficient organic biofertilizers and stabilizers of soil
conditions through boosting the fertility, increasing organic
matter availability, balancing soil pH, and optimizing C:N
ratios (Rani & Reddy, 2024).

Presence of complex phytochemical compounds such as
lipids, proteins, phenols, betaines, sugars, alcohols, alginates
and laminarins in SWEs contribute to the physiological
mechanisms of enhancing the growth and development
performance of the plants in-relation to their photosynthetic
activity (Shukla et.al., 2017). Various research findings
highlighted the effects of SWEs in different horticultural
crops including tomato (Solanum Ilycopersicum), chilli
(Capsicum annuum) (Fatimah & Daud, 2024), ‘Fuji’ apples
(Malus domestica) (Yang et al., 2023), and broccoli (Brassica
oleracea var. italica) (Manea & Abbas, 2018), presenting
the potential effects of SWEs to the overall performance
status of the plant.

This study evaluated the effects of seaweed extract (SWE)
treatments on plantlet formation and root development of
selected corm-propagated banana varieties. Specifically,
aims were to: a) compare the early vegetative growth
response of Red Dacca and Cuarenta Dias banana varieties
under SWE and ANAA treatments; b) to assess the
effectiveness of SWE concentrations relative to ANAA in
promoting plantlet formation; c) to identify varietal
differences in response to SWE and ANAA applications for
optimizing corm-based propagation techniques.

Materials and Methods

Materials

This experiment utilized banana corms from two varieties—
Red Dacca and Cuarenta Dias along ml L- ! with sawdust as
the growing medium and 16 x 16 inch polyethylene bags for
containment. A controlled environmental chamber was
constructed using 150-micron polyethylene UV plastic.

Experimental Site

The study was established in Batasan, Makilala, Cotabato,
Philippines (7°082" N, 125°07 E) in 2024. The propagation
chamber (9 meters long, 6.5 meters wide, and 2.5 meters,
Fig. 1) was constructed using 150-micron polyethylene UV
maintaining a temperature of 25-30°C and relative humidity
of 70-80%. Sawdust was used as the potting medium and
was sterilized via a modified metal drum method.

Figure 1. The experimental sites at Batasan, Makilala,
Cotabato. 2025.

Preparation of Test Materials

Selection and preparation of corms.

Uniform and healthy sword suckers (4 months old, weighing
500- 1000g) of Red Dacca and Cuarenta Dias banana
varieties were sourced from Batasan, Makilala, Cotabato,
Philippines (477 masl elevation). All materials were selected
based on morphological uniformity, including approximately
one meter in height, with five to six fully-expanded leaves.

The experimental materials had equatorial diameters ranging
from 5 to 10 cm and polar diameters of 5 to § cm of a whole
banana corms. Roots were excised and the outer layer was
scraped using a sterilized blade to prevent any possible
pathogen contamination. To promote lateral bud initiation
and improve propagation efficiency, apical meristems were
removed to create a 2 cm wide and 2 cm deep cavity at the
corm apex. All corms were sterilized by soaking in 50%
sodium hypochlorite solution for 15 minutes, followed by
rinsing with distilled water. After the sterilization process,
treated corms were air dried under sunlight for 24 hours to

dry (Fig. 2).

Banana corm-derived planting plantlets were subjected to a
four-week hardening period, during which light exposure
was gradually increased and watering was adjusted to
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Figure 2. Preparation of banana corms as test materials

promote root establishment and stress tolerance prior to
polybag planting.

Planting of corms.

Banana corms were planted on decomposed sawdust-filled
polybags. Whole banana corms were planted in the late
afternoon to mitigate thermal stress during establishment, at
a depth of 2 cm and an inter unit spacing of 50 cm. The
specific treatment matrix encompasses the seaweed extract
concentrations, o-naphthalene acetic acid (ANAA)
concentrations, and banana variety which were labeled to
denote each planting bag. Providing sufficient inter-bag space
to facilitate adequate airflow to the bags positioned within
the propagation chamber, while controlled watering
maintained consistent potting media moisture ensuring
hydration without inducing waterlogging. Pre-plant
characterization confirmed that the potting media was
optimized for root initiation and early growth

Preparation of Treatments

Liquid seaweed extract (SWE) was sourced from Don Bosco
Foundation for Sustainable Development Inc. and was diluted
to Sml L' and 10 ml L' using distilled water. A solution of
ANAA was prepared by dissolving 5 ml in 1L of distilled
water and was used as a positive control. Corms were
immersed in the treatment solutions for 15 minutes prior to
planting.

Experimental Design and Treatments

The study was arranged in a factorial Completely
Randomized Design (CRD), with two banana varieties (Red
Dacca and Cuarenta Dias) as Factor A and seaweed extract
treatments (5 and 10 ml L-'), ANAA at 5 ml L-!, and an
untreated control as Factor B. Each treatment was replicated
three times, with 10 corms per experimental unit.

Field Management
Field Management includes the application of Complete (15-
15-15) fertilizer (10g/plant-' applied every four weeks during

vegetative growth adjusted as needed) maintaining consistent
soil moisture (avoiding waterlogging or desiccation). Other
field activities include regular monitoring for pests and
diseases (weevils, nematodes and Fusarium) and using
targeted pesticides if >10% of plants are affected (calibrated
rate for 108 sqm, with early intervention to reduce the
chemical use), and removing weeds to prevent resource
competition.

The pre-sprouting and early establishment phases are pivotal
for banana corm macropropagation, as corms are most
susceptible to contamination, decay, and environmental stress
factors that directly impact sprouting success and plantlet
viability. Monitoring focuses on three core areas: corm
health, assessed via visual or tactile checks for necrotic spots,
fungal growth, or soft tissue versus firm, uniformly pale
brown texture and for the protective treatment efficacy,
documenting whether treatments reduce contamination
compared to controls; and environmental or medium
conditions to support metabolism, prevent desiccation and
avoid rot.

Data Parameters

The number of days to 50% shoot emergence was quantified
as the interval from corm planting to visible shoot emergence
(1 cm above the sawdust medium) in 50% of unitsamples.
Unit-level averages were computed after all full emergence
of viable corms. At harvest, plant height (cm) was measured
from the corm base to the tip of the longest fully expanded
leaf with a meter stick. Pseudostem girth was measured using
a digital vernier caliper with treatment means used to
characterize temporal growth patterns. Leaf measurements
(cm) were recorded on the most recently mature leaf: length
from the petiole-blade insertion point to the lamina apex,
and width at the maximum transverse axis (perpendicular to
the midrib) both measured to 0.1 cm precision using a meter
stick. Total leaf count included all aerial structures even
senescent or damaged leaves to provide a comprehensive
measure of cumulative leaf development.

Figure 3. From left to right: a) Harvested plantlet samples,
b) shoot and roots of harvested plantlets.
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Root systems were gently washed free of medium, with total
root number (all visible roots, including partially damaged
ones) and maximum root length (from corm-root junction to
distal tip) recorded. Total developed plantlets per corm was
counted weekly from bud initiation until 120 days after
sowing (DAS).

The survival percentage rate of plantlets was evaluated at
120 days after sowing using the formula: [(surviving
plantlets/total planted) x 100], where plant viability required
fully expanded leaves and a well-developed root system.

Statistical Analysis

Atwo-way ANOVA using the Statistical Tool for Agricultural
Research (STAR v2.0, IRRI) was used to analyze the data
gathered; A significance level of o = 0.05 was used to
determine differences among treatment means.

Results

Days to Shoot Emergence, Plant Height and Stem Girth

The effects of the application of seaweed extract (SWE)
treatments to two banana varieties in terms of number of
days to 50% shoot emergence, plant height and stem girth at
120 days after sowing (DAS) are shown in Table 1. Red
Dacca variety showed the shortest number of days to attain
50% shoot emergence. In terms of the interaction of the
treatments, it was observed that for Cuarenta Dias,

statistically comparable mean was recorded with 16.00 to
17.66 days, as compared to the untreated corms with 28.67
days. It was also noted that for plant height, the application
of SWE and ANAA significantly resulted in taller Red Dacca
variety, with statistically comparable results. For Cuarenta
Dias, ANAA-treated plants had the tallest plant height mean.
For the stem girth, greater stem girth was recorded from
ANAA treatments, followed by SWE.

Leaf and Root Parameters

Regardless of the banana varieties, SWE at 5 ml L' and
ANAA consistently demonstrated comparable results across
all measured parameters (Table 2) such as leaf count, leaf
length and width, indicating similar efficacy in promoting
vegetative growth. In addition, The highest root count
and root length were recorded in plants treated with ANAA
and SWE at 5 ml L', which were statistically superior to
other treatments. At 120 DAS, SWE at 5 ml L! resulted in
root length and survival percentage that were statistically
comparable with ANAA (Table 3), indicating that SWE has
potential as an alternative for enhancing root vigor and
plantlet survival.

Development of Plantlets and Survival Percentage

In terms of the production of plantlets, only Red Dacca variety
attained statistically comparable results with ANAA. The table
also revealed that SWE at 5 ml L' and ANAA had statistically
comparable survival percentage and were statistically higher
than SWE at 10 ml L! and untreated plants (Table 4).

Table 1. Number of days to 50% shoot emergence, plant height (cm) and stem girth (mm) of banana corms as influenced by banana

varieties and seaweed extract treatments at 120 DAS.

Seaweed Number of Days to 50% Plant Height Stem Girth
Extracts Shoot Emergence (cm) (mm)

RD CD Mean RD CD Mean RD CD Mean
Untreated 29.67° 28.67° 29.17 14.98° 15.95¢ 15.47 9.00 9.93 9.46°
SWE 5ml L 27.33° 17.66° 22.50 17.14* 18.07° 17.61 12.13 14.10 13.12°
SWE 10ml L 27.66° 26.67° 27.17 16.13®  16.51% 16.32 11.94 13.10 12.52°
ANAA (5ml L7) 19.67° 16.00° 17.84 16.98* 20.69° 18.84 13.67 15.63 14.65°
Mean 26.08 2225 16.31° 17.72¢ 11.69° 13.19
Banana Varieties (A) P-value 0.0000 0.0023 0.0000
Seaweed Extract (B) P-value 0.0000 0.0002 0.0000
Interaction (Var x SWE) P-value 0.0000 0.0483 0.3662
CV (%) 2.67 5.95 5.04

"Means with the same letter are not significantly different at 5% LSD Test. Legend: RD- Red Dacca and CD- Cuarenta Dias

Table 2. Leaf count and measurement of banana corms as influenced by varieties and seaweed extract treatments at 120 DAS.

Seaweed Extract Leaf count Leaf Length (in cm) Leaf Width (in cm)

RD CD Mean RD CD Mean RD CD Mean
Untreated 3.33 3.67 3.50° 9.28° 9.40¢ 9.34¢ 8.16 8.80 8.48°
SWE 5ml L 5.33 7.00 6.17 10.81° 12.09° 11.45® 9.16 10.14 9.65%
SWE 10ml L 4.00 5.00 4.50° 10.89° 11.12¢ 11.01° 9.26 9.12 9.19¢¢
ANAA (5Sml L") 6.33 7.33 6.83° 10.96 13.86° 12.41° 9.46 11.11 10.29°
Mean 4.75° 5.75° 10.49° 11.62° 9.01° 9.79°
Banana Varieties (A) P-value 0.0023 0.0000 0.0072
Seaweed Extract (B) P-value 0.0000 0.0000 0.0010
Interaction (Var x SWE) P-value 0.4313 0.0003 0.1313
CV (%) 12.90 4.25 6.59

"Means with the same letter are not significantly different at 5% LSD Test. Legend: RD- Red Dacca and CD- Cuarenta Dias
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Table 3. Root count and length of banana corms as influenced by varieties and seaweed extract treatments at 120 DAS.

Root Count Root Length (in mm)

Seaweed Extract RD CD Mean RD CD Mean
Untreated 2.67 3.33 3.00¢ 5.60 5.75 5.67°
SWE 5ml L 5.67 6.83 6.25® 7.00 7.76 7.38
SWE 10ml L"! 5.33 6.00 5.67° 6.43 6.03 6.23°
ANAA (Sml L") 6.67 7.67 7.17° 7.06 8.32 7.69
Mean 5.08° 5.96 6.52 6.97

Banana Varieties (A) P-value 0.0055 0.1120

Seaweed Extract (B) P-value 0.0000 0.0002

Interaction (Var x SWE) P-value 0.8885 0.1786

CV (%) 12.12 9.63

!"Means with the same letter are not significantly different at 5% LSD Test. Legend: RD- Red Dacca and CD- Cuarenta Dias

Table 4. Production of plantlets and survival percentage of banana corms as influenced by varieties and seaweed extract treatments at

120 DAS.
Developed plantlets per corm Survival Percentage (%)

Seaweed Extract RD CD Mean RD CD Mean
Untreated 5.70° 6.13¢ 5.92¢ 91.11 91.16 91.14°
SWE 5ml L 6.90° 7.66° 7.28% 96.03 94.74 95.35¢
SWE 10ml L"! 7.13¢ 7.33° 7.23 93.88 94.29 94.09°
ANAA (5ml L") 6.86* 8.83¢ 7.85¢ 96.05 96.98 96.37°
Mean 6.65° 7.48¢ 94.27 94.29

Banana Varieties (A) P-value 0.0007 0.8837

Seaweed Extract (B) P-value 0.0000 0.0000

Interaction (Var x SWE) P-value 0.0309 0.2091

CV (%) 6.96 0.8595

"Means with the same letter are not significantly different at 5% LSD Test. Legend: RD- Red Dacca and CD- Cuarenta Dias

Figure 4. Experimental plants at 5 weeks after planting.

Discussion

Banana Corm Propagation

The Musa crop is vegetatively propagated because of its
sterility and parthenocarpic trait (Heslop-Harrison & Trude,
2007). The majority of farmers depend on natural
regeneration of existing banana mats in order obtain suckers
(Kasyoka et al., 2010), which is a long and slow process and
often results in insufficient suckers of the desired varieties.
Suckers that are naturally-produced could also be a source
of pests and diseases which may reduce productivity and
increase production cost due to pest management measures
(Kasyoka et al., 2010).

Corm macropropagation method helps small holders to
cultivate banana and generate income from producing banana

seedlings. Banana corm nursery techniques can mass-
propagate banana seedlings in a shorter period. This
technology uses whole suckers, large pieces of parent corms
or sword suckers to produce planting materials (Dayarani et
al., 2013). In this nursery technique, corms are the materials
used in the propagation, and consists of different parts: corm
preparation (corm-prep), corm seedling in polybag (corm-
poly) and stacking of corm-poly (corm-stad). In each
technology, selection is made to grade higher quality of
banana planting materials. In the corm nursery technique, a
whole sucker is used which gives a high growth rate but
produces fewer seedlings. Yusuf and Suhaimi (2015)
highlighted that suckers can be sliced to produce more
sections.

Corm utilization was known to produce 8 to 15 new plants
per corm, which is more advantageous to the propagators,
since it required relatively low initial investment.
Macropropagation is often constrained by challenges such
as insufficient initial capital and a lack of necessary technical
expertise for practical adoption (Njukwe et al., 2013).

Early Shoot Emergence and Vegetative Parameters

In terms of shoot production, it was noted in Table 1 that
Cuarenta Dias variety applied with seaweed extracts (SWEs)
and ANAA exhibited earlier shoot emergence than the
untreated plants. These results confirmed the findings of Ali
et al. (2021) that SWEs had growth enhancing properties



Mariel P Amoy, Lorelyn Joy N. Turnos-Milagrosa and Mark Al-jamie J. Muttulani 67

and high occurrence of phytohormones and polysaccharides
which may lead to biomass and yield increments.

The bioactive metabolites, phytohormones, and
supplementary nutrients found in seaweed extract activate
the development of plant physiological processes, cell
proliferation and tissue differentiation (Battacharyya et al.,
2015). Yield improvement associated with SWE application
may be attributed to its ability to mitigate stress through the
effective attribute of enhancing nutrients assimilation,
efficient photosynthetic process, and various biochemical
channels as noted by Shukla et al. (2019). Seaweed extracts
(SWEs) function as environmentally sustainable
biostimulants, enhancing plant physiological processes,
nutrient uptake and stress tolerance (Battacharyya et al.,
2015; Rani & Reddy, 2024), through mechanisms such as
supplementing organic matter and adjusting pH levels and
thereby helping in stimulation of plant development, stress
regulation and boosting soil health condition.

The application of SWE and ANAA resulted in taller plant
and bigger stem girth than the untreated samples as revealed
in Table 1. These results aligned with the study of El Boukhari
et al. (2020), that edaphic-plant interactions and systematic
physiological responses are enhanced with the application
of SWEs biostimulant. SWEs showed consistent and
versatility improvements in the morphological traits across
multiple trials, including the research of wheat seedlings
(Hamouda et al., 2022), and horticultural crop field studies
like melon and tomato (Lefi et al., 2023).

In terms of the development of leaves (Table 2), SWE- and
ANAA-treated plants produced high leaf count and bigger
leaves than the control. Battacharyya et al. (2015) reported
that the promotion of cell division and specialization by SWE
aids in the development and improvement of leaves.

Root Development

The increase in root count and the production of longer roots
as evidenced in Table 3 could be associated with the
application of SWE that could mitigate stress through the
effective attribute of enhancing nutrients assimilation,
efficient photosynthetic process, and various biochemical
channels as noted by Shukla et al. (2019). Studies revealed
the growth improvement in Solanum lycopersicum
subsequent to SWE application, with influential elevates in
reproductive result (flower/fruit production), radicular
development (root elongation) and aerial biomass
development. The observed phytostimulatory results
originated from SWE’s complex matrix of micro-nutrients
(K, Zn, Mo) and phytoactive compounds (betaines,
oligosaccharides), which may function as metabolic primers

for foliar proliferation and enhanced photosynthetic
activities. The diversified rhizosphere bacterial communities,
enhanced nutrient content, increased rice yield and quality,
and reduced chemical utilization, had been highlighted
among the benefits of SWE application and the rich
composition of micronutrients (K,Mo,Zn) and phytoactive
compounds (oligosaccharides & betaines) in SWEs served
as the metabolic primers for foliar proliferation and
photosynthetic process enhancement (Chen et al., 2022).
Humic acid enhancement is an indication of SWE’s role in
modulating the plant-soil relationship system via the
activation of rhizosphere microbiome and improvement in
the nutrient cycling efficiency processes with the
enhancement of soil conditions and microbial biomass
accumulation (Hussain et al., 2021).

Plantlet Development and Percentage Survival

The production of plantlets was noted higher in banana corms
treated with both SWE and ANAA than the untreated samples
(Table 4). In terms of the overall survival percentage, SWE
at 5ml L' was found statistically comparable with ANAA.
Findings in different studies (Battacharyya et al., 2015; Rani
and Reddy, 2024) revealed that SWE can stimulate plant
development, regulate stress and can boost the condition of
soil health, through the supplementation of organic matter
and adjustment of pH levels.

According to Chinchkede (2017), the maximum survival
percentage (98.92%) in banana corms planted in sawdust
was recorded at 98.92%. Another study of Malemba et al.
(2021) noted that sawdust generated plantlets with the highest
survival percentage (91.78%), effective for establishing a
strong root system at the end of plant regeneration in a
controlled condition chamber, compared to plantlets from
pure garden soil with 79.33% survival.

Conclusion

The study demonstrated the potential of Seaweed Extract
(SWE), particularly at 5 ml L , in enhancing banana banana
plantlet growth, with performance statistically comparable
to the commercial biostimulant ANAA. Red Dacca
responded effectively to both SWER and ANAA, whereas
Cuarenta Dias showed superior performance with ANAA.
These findings highlight the importance of varietal-specific
responses to biostimulants and indicate that a single treatment
may not be universally applicable across banana varieties.

(SWEs) function as environmentally sustainable
biostimulants, enhancing plant physiological processes,
nutrient uptake and stress tolerance It is further
recommended to conduct additional field evaluation
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trials across banana cultivar-specific and diverse
environments to validate the findings and promote
broader application.
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