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Abstract: The edible brown seaweed, Ecklonia cava, is highly valued for its bioactive compounds,
and is widely used in food supplements and functional foods. The increasing demand for this
seaweed in the food industry emphasizes the necessity for sustainable cultivation practices. This
study focused on inducing callus in the meristem and stipe of E. cava using different culture media:
Provasoli’s enriched seawater medium (PESI), enriched artificial seawater medium (ESAW), artificial
enriched seawater medium (ASP2), or Von Stosch’s enriched seawater medium (VS). Various abiotic
stress factors (photoperiod, agar concentration, and temperature), growth regulators, carbon sources,
polyamines, and plasma treatments were explored for their impact on callus induction. Both stipe
and meristem explants developed callus within three to six weeks across all media except ASP2.
Callus development was favored at temperatures between 8 to 13 ◦C and in the absence of light.
Stipe explants showed a higher callus induction rate (up to 65.59 ± 6.24%) compared to meristem
(up to 57.53 ± 8.32%). Meristem explants showed optimal callus induction in PESI medium with a
low concentration of indole-3-acetic acid (IAA; 40.93 ± 8.65%). However, higher concentrations of
IAA and 1-naphthaleneacetic acid (NAA) reduced meristem callus induction. Stipe showed high
induced-callus (up to 50.37 ± 5.17%) in PESI medium with low concentrations of IAA, NAA, and
6-benzylaminopurine (BAP). Both stipe and meristem explants induced largest callus at 2% sucrose,
but higher carbon source concentrations reduced callus induction. Spermine (Spm) at 1 μM resulted
in high induced calluses; however, increasing Spm concentrations decreased callus induction. This
tissue culture technique not only supports mass cultivation of E. cava, but also holds potential for
extending to other seaweed species, contributing to the sustainability of seaweed stocks for the
food industry.

Keywords: abiotic stresses; callus; functional food material; laminariales; phaeophyta; seaweed;
tissue culture

1. Introduction

Seaweeds encompass a diverse array of marine species [1,2], showing remarkable
adoptability to challenging environmental conditions. In response to these adversities, sea-
weeds produce allelochemicals which contribute to their ability to compete for space, resist
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pathogenic microorganisms and predators, and hinder the establishment of epiphytes [3,4].
Notably, seaweeds have been associated with various biological activities that offer health-
promoting benefits related to human skin, immunity, and growth [5–8]. These attributes
position seaweed as a valuable source for pharmaceuticals, nutraceuticals, and cosme-
ceuticals [5,9,10]. The seaweed market is expected to undergo significant growth, with
projections indicating a 39.8% increase, reaching USD 24.98 billion from 2021 to 2028 [11].
Recognizing the potential of seaweed as a source of biomass in the pharmaceutical, food,
and chemical industries, there is pressing need to adopt sustainable seaweed cultivation
practices, with tissue culture emerging as a key strategy.

Seaweeds can undergo in vitro cultivation through various methods, including
(1) micropropagation, (2) protoplast isolation and regeneration, or (3) callus induction [12].
Among these techniques, micropropagation, which involves meristem or somatic embryoge-
nesis, stands out as one of the most commonly employed methods for in vitro propagation
of macroalgae [12,13]. Tissue culture presents a sustainable approach for fostering tissue
development and enhancing quality in seaweeds. The controlled cultivation of seaweed
tissues has the potential to maximize biomass production and stimulate the synthesis of
desired compounds [14]. Particularly vital for species like Ecklonia cava, characterized by
limited wild stocks, tissue culture serves as a strategic response to challenges posed by cli-
mate change, pollution, and escalating demand, ensuring the availability of stocks. Tissue
culture of seaweeds can be achieved through direct regeneration from explant tissues or
indirectly through callus induction. While callus culture is a well-established technique in
tissue culture engineering for terrestrial plants, its application in seaweed culture remains
underdeveloped, despite the recognition of seaweeds for various applications such as
functional foods, nutraceuticals, and pharmaceuticals.

The brown seaweed, E. cava, found only in Japan, Korea’s Jeju Island, and Busan [15–17],
has been associated with various physiological benefits, including antioxidant, antibacte-
rial, anti-thrombotic, anti-diabetic, anti-hypertensive, anti-obesity, and anti-inflammatory
properties, making it a potential raw material for functional foods [18–23]. However, in-
dustrialization has been limited to a few seaweed species from various genera that are
suitable for cultivation and harvesting. The cultivation of E. cava is particularly challenging
due to farming difficulties and environmental issues such as microplastic and radioactive
pollution, ocean desertification, and resource depletion. Countermeasures are essential,
especially considering that Korea’s Incheon-Gyeonggi coast and the Nakdong river estuary
rank second to third globally in microplastic concentration [24,25]. While indoor culture
technology has advanced for land crops and mushrooms, tissue culture research for sea-
weeds, especially E. cava, is limited, with only the report on callus culture by Kawashima
and Tokuda [26], examining the impact of collection time on callus development. The
limited research on this species may be attributed to the restricted distribution of E. cava
resources, mainly in Korea and Japan. Considering the escalating marine pollution and
global interest in the safety of marine resources, we aim to develop callus culture for E. cava
as a natural, year-round, and cost-effective food and pharmaceutical material, safe from
marine pollution.

Callus induction, a critical initial stage of proliferation and growth, is influenced by
various abiotic factors. Seaweed callus induction is triggered by tissue wounding and
changes in the physical environment [27], with different seaweed groups displaying varied
responses to abiotic conditions [14,28]. Factors such as light irradiance, temperature, media
composition, growth regulators, CO2 levels, temperature, nutrient absorption, osmolarity,
nutrient absorption, salinity, photosynthesis, and culture medium composition influence
callus induction [14,29–51]. Earlier studies have investigated the effects of different abiotic
parameters on various marine algae species, including red algae like Gracilariopsis and
Gelidium, brown algae such as Dictyota and Undaria, and green algae like Cladophora and
Ulva [29–51]. Additionally, studies have examined the effects of radiation, carposporophyte
culture, protoplast isolation, callus ontogeny, tissue culture, gametogenesis induction,
clonal propagation, and epigenetic variations [52–56].
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Despite the importance of abiotic factors in callus induction, research on this aspect
in seaweed culture is limited. While some studies have explored the influence of abiotic
factors on seaweed callus induction [14,57,58], to the best of our knowledge, except one
study focusing on the impact of collection time [26], no other studies have reported their
impact on tissue culture or callus induction in E. cava. Therefore, in this study, we not only
focused on callus induction in E. cava, but also investigated the impact of abiotic stresses on
callus development. This study would provide basis for establishing the liquid suspension
culture of E. cava to mass-produce the secondary metabolites, mainly phlorotannins, which
have been proven for their antibacterial, antioxidant, anti-inflammatory, anti-proliferative,
anti-tumor, anti-diabetic, anti-adipogenic, anti-allergic, and radio-protective effects [59].

2. Materials and Methods

2.1. Sample Collection

Fresh and dark brown thalli of Ecklonia cava were collected from Gijang, Busan,
Republic of Korea (GPS coordinates: 35◦15′34′′ N 129◦15′02′′ E). Thalli were transported in
a portable icebox to Tongyeong, Republic of Korea, and pre-processed on the same day.

2.2. Pre-Processing of E. cava Thalli

Fresh and dark brown thalli of E. cava were selected for the tissue culture experiment.
Thalli were wiped with sterile paper towels (Wypall, Yuhan-Kimberly Co., Ltd., Seoul,
Republic of Korea), washed twice with autoclaved seawater, and immersed sequentially
in autoclaved seawater containing 1% povidone-iodine (Green Pharmaceutical Co., Ltd.,
Jincheon, Republic of Korea) and 2% triton X-100 (Samchun Pure Chemical Co., Ltd.,
Pyeongtaek, Republic of Korea) for 3 min each. After rinsing and washing, thalli were
treated with an antibiotic mixture: Kanamycin (0.1 g L−1; K1377; Sigma-Aldrich, St. Louis,
MO, USA), Ampicillin (0.1 g L−1; A9518; Sigma), Streptomycin (0.2 g L−1; S9137; Sigma),
Neomycin (20 mg L−1; N1876; Sigma), and Nystatin (1.5 mg L−1; N4014; Sigma) for 30 min
at 12 ◦C to prevent contamination.

2.3. Experimental Conditions

Four culture media were employed: Provasoli’s enriched seawater medium (PESI) [60],
enriched artificial seawater medium (ESAW) [61], artificial enriched seawater medium
(ASP-2) [62], and Von Stosch’s enriched seawater medium (VS) [63]. Meristem and stipe
were used for callus induction. Each section was cut into 1 × 1 cm2 (L × W) pieces, treated
with a 10× antibiotics mixture for 30 min at 12 ◦C, and placed on agar media in a growth
chamber (Multi-Room Incubator; LMI-3004PL, Daihan Labtech Co., Ltd., Namyangju,
Republic of Korea) for callus development. Six to eight explants were inoculated on each
agar plate, and callus formation was confirmed under a microscope (Routine Microscopes;
CX33; Evidient Co., Ltd., Shinjuku-ku, Tokyo, Japan). Various treatments to optimize callus
induction were performed as described in Table 1. The plant growth regulators, carbon
sources, and polyamines were purchased from Sigma-Aldrich, St. Louis, MO, USA.

Table 1. Experimental conditions for callus induction in explants from E. cava meristem and stipe.

Parameter Experimental Conditions

Effect of culture medium • Explants were cultured on PESI, ESAW, ASP2, or VS solid medium supplemented with 1.5% agar.
• Growth was monitored at 12 ◦C with a light period of 12 h for eight weeks.

Effect of agar
concentration

• Explants were cultured on PESI solid medium containing 1.2% or 1.5% agar.
• Growth was monitored at 12 ◦C for eight weeks.

Effect of photoperiod
and temperature

• Explants were cultured on PESI solid medium containing 1.5% agar. Varying photoperiods (0 h or
12 h light period at a light intensity of 160 μmol m−2 s−1 using a fluorescent lamp; 36 W;
FPL36EX-D/C, Ilshin Vitson Co., Ltd., Namyangju, Republic of Korea) and temperatures (12 ◦C
or 18 ◦C) were tested.

• Growth was monitored for eight weeks.
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Table 1. Cont.

Parameter Experimental Conditions

Effect of growth
regulator

• Explants were cultured on PESI solid medium containing 1.5% agar. Different plant growth
regulators: IAA (1003530010), IBA (I5386), NAA (N0640), BAP (B3408), 2,4-D (D70724) or KIN
(48130), were added at concentrations up to 5 mg L−1.

• Growth was monitored at 12 ◦C in the dark for eight weeks.

Effect of carbon source

• Explants were cultured on PESI solid medium containing 1.5% agar.
• Different carbon sources: glucose (PHR1000), lactose (PHR1025), galactose (PHR1206), fructose

(F0127), sucrose (S0389), or sorbitol (PHR1006), were added at concentrations up to 5%.
• The medium for meristem explants was supplemented with 1 mg L−1 IAA.
• Growth was monitored at 12 ◦C in the dark for eight weeks.

Effect of polyamine

• Explants were cultured on PESI solid medium containing 1.5% agar and 2% sucrose. Different
polyamines: Spm (85590), Put (51799), or Spd (S0266), were added at concentrations up to 1000 μM.

• The medium for meristem explants was supplemented with 1 mg L−1 IAA.
• Growth was monitored at 12 ◦C in the dark for eight weeks.

Effect of plasma
treatment

• Explants were directly or indirectly treated with plasma.
• Explants were cultured on PESI solid medium containing 1.5% agar and 2% sucrose. The medium

for meristem explants was supplemented with 1 mg L−1 IAA and 1 μM Spm.
• Growth was monitored at 12 ◦C in the dark for eight weeks.

PESI: Provasoli’s enriched seawater medium; ESAW: Enriched artificial seawater medium; ASP2: Artificial enriched
seawater medium; VS: Von Stosch’s enriched seawater medium; IAA: Indole-3-acetic acid; IBA: Indole-3-butyric acid;
NAA: 1-naphthaleneacetic acid; BAP: 6-benzylaminopurine; 2,4-D: 2,4-dichlorophenoxyacetic acid; KIN: Kinetin;
Spm: Spermine; Put: Putrescine; Spd: Spermidine.

2.4. Plasma Treatment

Meristem and stipe explants were prepared as discussed in Sections 2.2 and 2.3, and
then subjected to plasma treatment.

2.4.1. Indirect Plasma Treatment

A 40 mL autoclaved seawater in a Petri dish was treated with a plasma generator
provided by KRIBB (Korea Research Institute of Bioscience and Biotechnology, Daejeon, Re-
public of Korea) for 5, 10, 40, or 60 s, respectively, following the procedure by Bian et al. [64].
Prepared explants were socked in plasma–treated autoclaved seawater for 20–22 h and
then cultured on agar PESI medium in a growth chamber (LMI-3004PL; Daihan Labtech)
for eight weeks at 12 ◦C in the dark.

2.4.2. Direct Plasma Treatment

Explants were placed in a beaker filled with autoclaved seawater and incubated for
20–22 h, and then cultured on agar PESI medium. Plasma treatment durations were 5, 10,
30, or 60 s, followed by incubation in a growth chamber (LMI-3004PL; Daihan Labtech) for
eight weeks at 12 ◦C in the dark.

2.5. Statistical Analysis

Ten different replicates were utilized per experiment (n = 10). Initially, the percentage
values underwent arcsin-square root transformation prior to statistical analysis. Subse-
quently, statistical significance was assessed using a one-way or multiple-way analysis of
variance (ANOVA) conducted with IBM SPSS Statistics version 29.0 (IBM Corp., Armonk,
NY, USA). Post hoc tests were conducted using Tukey’s Honestly Significant Difference
(HSD) test. Statistical significance was set at p ≤ 0.05. The experimental results were
presented as percentage values in the figures.

3. Results and Discussion

During preliminary experiments, poor callus development was observed in liquid
media. Therefore, only agar media were used for callus induction and subsequent cultures,
aligning with the findings of Kawashima and Tokuda [26]. Callus growth was monitored
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for up to eight weeks, and both stipe and meristem explants displayed callus development
within three to six weeks. The calluses, appearing light brown, exhibited gradual volume
increases over the inoculation period and featured rod-shaped filamentous structures
(Figures 1 and 2), reminiscent of those observed by Kawashima and Tokuda [26]. The
optimal callus induction parameters were determined under various conditions, and the
impact of abiotic factors on callus development was explored. Callus induction rate (%)
was calculated based on the total number of induced calluses per total number of explants
multiplied by 100.

Figure 1. Preparation of E. cava for callus induction. (1) Collected E. cava, (2) E. cava meristem, (3) E. cava stipe.

Figure 2. Callus induction in E. cava on PESI solid medium. (1) Meristem explant (1 × 1 cm2), (2) Stipe
explant (1 × 1 cm2), (3) induced meristem callus under microscope (4×), (4) induced meristem fibrous
callus under microscope (4×).
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3.1. Effect of Media Type

Figure 3 presents the callus induction rates (%) observed with different culture media,
and Figure 4 illustrates selected calluses induced from meristem and stipe explants of
E. cava. The highest callus induction (31.73 ± 4.41% in stipe tissue and 38.28 ± 8.37% in
meristem tissue) was observed on PESI medium, leading to its selection for subsequent
experiments. The addition of potassium iodide in PESI medium [60] may have enhanced
callus formation, aligning with the findings of Kawashima and Tokuda [26]. No callus
growth was observed on ASP2 medium, possibly due to the presence of nitrilotriacetic
acid and mannitol, acting as potential toxins [26,65] and increasing osmotic pressure of
media [66], respectively.

Figure 3. Effect of media type on callus induction. Values are means ± standard errors (S.E.) of
10 individual replicates per experiment (n = 10). PESI: Provasoli´s enriched seawater medium; ESAW:
Enriched artificial seawater medium; ASP2: Artificial enriched seawater medium; VS: Von Stosch’s
enriched seawater medium. *: Indicates significant differences using Tukey’s HSD test using a
one-way ANOVA test at p < 0.05.

Figure 4. Callus induction in meristem (a) and stipe (b,c) on PESI solid medium supplemented with
1.5% agar.

3.2. Effect of Agar Concentration

Figure 5 shows the results of callus induction in meristem and stipe using PESI
solid medium with different agar concentrations (1.2% and 1.5%). The highest callus
induction rate (39.85 ± 8.27%) was observed in stipe at 1.5% agar concentration, followed
by meristem (33.44 ± 6.50%) at 1.5% agar and 18 ◦C. Subsequent experiments utilized 1.5%
agar concentration.
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Figure 5. Effect of agar concentration on callus induction. Values are means ± standard errors (S.E.)
of 10 individual replicates per experiment (n = 10). *: Indicates significant differences using Tukey’s
HSD test using a one-way ANOVA test at p < 0.05.

3.3. Effect of Photoperiod and Temperature

Environmental elements, including factors like photoperiod and light intensity, play
a crucial role in the growth of algae. However, their influence varies among species and
is contingent upon the specific product under investigation [67,68]. Additionally, light
significantly impacts the growth and morphogenesis of callus by influencing the rate of
cell division in various plants, directly regulating plant growth and development [69].
The impact of photoperiod (0 h and 12 h light) and temperatures (12 ◦C and 18 ◦C) on
callus induction in meristem and stipe is shown in Figure 6. The highest callus induction
(44.30 ± 6.28%) occurred in stipe at 0 h photoperiod and 12 ◦C. Optimal development
of E. cava callus was observed at 12 ◦C, consistent with the findings of Kawashima and
Tokuda [26]. Higher callus development was observed in complete darkness (0 h provision
of light), possibly due to heterotrophic culture conditions overcoming growth inhibition
challenges in light and aeration-dependent algal growth [70]. Subsequent experiments
were conducted at 12 ◦C in dark.

Figure 6. Effect of photoperiod and temperature on callus induction. Values are means ± standard
errors (S.E.) of 10 individual replicates per experiment (n = 10). *: Indicates significant differences using
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Tukey’s HSD test using a multiple-way ANOVA test at p < 0.05. The temperature alone had no
statistically significant effect (p = 0.089) on callus induction in stipe explant. However, the photoperiod
alone (p = 0.002) and the interaction between photoperiod (0 h) and temperature (12 ◦C) showed a
significant effect (p = 0.049) on callus induction in meristem when checked using a multiple-way
ANOVA test using SPSS.

3.4. Effect of Growth Regulator

Plant growth regulators (PGRs) are incorporated into the basal growth medium of
cell cultures to stimulate and regulate plant development [71–73]. These PGRs govern cell
division in undifferentiated cells [74] and prompt callogenesis, leading to subsequent callus
proliferation. Callus induction in meristem and stipe was observed in PESI solid medium
with different growth regulators: indole-3-acetic acid (IAA), indole-3-butyric acid (IBA),
1-naphthaleneacetic acid (NAA), 6-benzylaminopurine (BAP), 2,4-dichlorophenoxyacetic
acid (2,4-D), and kinetin (KIN) at concentrations of 1 or 5 mg L−1 at 12 ◦C (Figure 7). The
selected calluses developed from meristem and stipe tissues are shown in Figure 8. The
highest callus induction (50.37 ± 5.17%) in stipe occurred in standard PESI solid medium
without growth regulators. Meanwhile, the highest callus induction rate (40.93 ± 8.65%)
in meristem tissue was observed in PESI medium containing 1 mg L−1 IAA. Further
experiments for meristem calluses were performed in PESI agar medium containing IAA,
while stipe explants were cultured on standard PESI solid medium.

Figure 7. Effect of growth regulators on callus induction. Values are means ± standard errors (S.E.)
of 10 individual replicates per experiment (n = 10). IAA: Indole-3-acetic acid; IBA: Indole-3-butyric
acid; NAA: 1-naphthaleneacetic acid; BAP: 6-benzylaminopurine; 2,4-D: 2,4-dichlorophenoxyacetic
acid; KIN: Kinetin. *: Indicates significant differences using Tukey’s HSD test using a multiple-way
ANOVA test at p = 0.0312 for stipe and p = 0.047 for meristem.

Figure 8. Callus induction in meristem (a) on PESI medium supplemented with 1 mg L−1 of IAA,
and stipe (b,c) on standard PESI solid medium without containing growth regulators.
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3.5. Effect of Carbon Source

Sugars are essential for biomass accumulation, serving as a vital energy source due
to typically diminished photosynthetic activity in in vitro growing tissues. They also con-
tribute to supply of carbon for biosynthetic processes and cell wall synthesis [75]. Moreover,
sugars function as signal molecules that can either repress or activate plant genes, as noted
by Tognetti et al. [76]. Callus induction in meristem and stipe was observed in PESI solid
medium with different carbon sources (glucose, lactose, galactose, fructose, sucrose, or
sorbitol) at 12 ◦C in dark (Figure 9). The selected calluses induced from meristem and stipe
tissues are shown in Figure 10. Meristem tissue exhibited higher callus induction rates in
PESI medium containing sucrose (51.42 ± 5.05%) or glucose (43.60 ± 7.88%) compared to
standard PESI medium (40.31 ± 17.41%). Stipe tissue displayed an overall higher rate of
callus induction in PESI medium supplemented with 2% sucrose (58.48 ± 5.66%) or glucose
(53.10 ± 7.15%). It could be due to the factor that the inclusion of organic carbon sources
may alleviate stresses arising from heterotrophic conditions in algal growth [40]. Further-
more, sucrose proves to be a relatively economic choice compared to other carbon sources.
Consequently, subsequent experiments were performed in PESI medium containing 2%
sucrose at 12 ◦C in the dark.

Figure 9. Effect of carbon sources on callus induction. Values are means ± standard errors (S.E.) of
10 individual replicates per experiment (n = 10). *: Indicates significant differences using Tukey’s
HSD test using a multiple-way ANOVA test at p < 0.05.

Figure 10. Callus induction in meristem (a) and stipe (b,c) on PESI solid medium supplemented with
2% sucrose.
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3.6. Effect of Polyamine

Polyamines, including spermine (Spm), putrescine (Put), and spermidine (Spd), rep-
resent a category of low molecular weight aliphatic nitrogenous organic compounds con-
taining two or more amino groups [77]. These compounds are associated with various
biological processes, including tissue growth, cell division, and cell differentiation [78].
Polyamines have been linked to higher callus induction and growth [79], while also playing
a significant role in responding to both biotic and abiotic stresses [80]. Previous studies
have indicated an increase in arginine decarboxylase (ADC) activity in rice seedlings when
exposed to salinity [81]. Similarly, Wang and Liu [82] observed an increase in ADC and
S-adenosylmethionine decarboxylase (SAMDC) expression in citrus embryogenic callus
under high salinity and both low and high temperatures. Furthermore, various abiotic
stresses have been shown to trigger the up regulation of SAMDC expression at the tran-
scriptional level in transgenic tobacco plants [83]. Moreover, Zhou et al. [78] observed
higher free polyamine levels and the expression of polyamine biosynthesis enzyme genes in
young rice spikelets under heat stress, thereby increasing endogenous Spd and Spm levels.
This correlation was associated with higher yield and resistance to heat stress, providing
insights for rice production under high temperatures. This involvement in stress response
is just one aspect of their intricate physiological functions.

Callus induction in meristem and stipe was monitored in PESI solid medium with
different polyamines (Spm, Put, Spd) at 12 ◦C in dark (Figure 11). The selected calluses
are shown in Figure 12. Overall, an increase in callus induction was observed in meristem
tissue when culture medium was supplemented with 1 μM Spm (60.55 ± 3.05%). Except for
this, all other conditions did not show a favorable impact on callus induction in meristem
and stipe of E. cava compared to the callus development in standard PESI medium.

Figure 11. Callus induction in PESI medium supplemented with different polyamines. Values are
means ± standard errors (S.E.) of 10 individual replicates per experiment (n = 10). Spm: Spermine;
Put: Putrescine; Spd: Spermidine. *: Indicates significant differences using Tukey’s HSD test using a
multiple-way ANOVA test at p < 0.05.
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Figure 12. Callus induction in meristem (a) on PESI solid medium supplemented 1 μM SPM, and in
stipe (b,c) on standard PESI solid medium without containing polyamines.

3.7. Effect of Plasma Treatment

The impact of plasma treatment on callus induction in meristem and stipe is shown in
Figure 13. The selected calluses are shown in Figure 14. Indirect plasma treatment showed
callus induction in both meristem and stipe, while direct plasma treatment on meristem
explants did not yield callus induction. Indirect or direct plasma treatment failed to enhance
callus induction rate, as the highest development occurred at 0 s plasma treatment in both
meristem (57.53 ± 5.19%) and stipe (65.59 ± 6.24%). Therefore, based on the findings of this
study, plasma treatment is not recommended for callus development in E. cava. However,
further research exploring alternative plasma techniques may reveal different outcomes.

Figure 13. Effect of plasma treatment on callus induction on PESI medium. Values are means ± standard
errors (S.E.) of 10 individual replicates per experiment (n = 10). *: Indicates significant differences
using Tukey’s HSD test using a multiple-way ANOVA test at p < 0.05.

Figure 14. Callus induction in direct (a) for 5 s and indirect for 60 s, (b,c) plasma treated stipe explants
cultured on standard PESI solid medium.
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4. Conclusions

Callus, often referred to as the stem cell of a plant, represents an undifferentiated cell
mass capable of unlimited proliferation and re-differentiation under favorable conditions.
The establishment of callus-based seaweed culture technology holds the key to the mass
production and industrialization of seaweeds that pose challenges in cultivation or collec-
tion, such as E. cava. The improved method for callus induction in E. cava involves culturing
in PESI solid medium with 1.5% agar and 2% sucrose at 12 ◦C in the dark. Specifically for
stipe explants, it is recommended to omit growth regulators, while for meristem, the use
of 1 mg L−1 IAA and 1 μM Spm is advisable. Although plasma treatment did not yield
favorable results in our study, exploring different plasma techniques may offer alternative
outcomes. The establishment of E. cava callus cultures holds significant promise for research
purposes and for addressing seed stock supply for mariculture and bioactive compound
production. The callus induction technique developed in this study could streamline the
mass cultivation of E. cava and other beneficial seaweed species, paving the way for the
development of a callus-based smart farming technology. This advancement contributes to
the cultivation of E. cava and other commercially valuable seaweed species for functional
food and pharmaceutical materials.
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International Collaboration accounts for the articles that
have been produced by researchers from several countries.
The chart shows the ratio of a journal's documents signed
by researchers from more than one country; that is
including more than one country address.

2011 50.00
2012 12 73

Citable documents Non-citable documents

Not every article in a journal is considered primary research
and therefore "citable", this chart shows the ratio of a
journal's articles including substantial research (research
articles, conference papers and reviews) in three year
windows vs. those documents other than research articles,
reviews and conference papers.

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years windows,
that have been cited at least once vs. those not cited
during the following year.

Uncited documents 2011 0
Uncited documents 2012 1
Uncited documents 2013 30
U it d d t 2014 44

% Female Authors

Evolution of the percentage of female authors.

2011 0.00
2012 20.86
2013 14.97
2014 27.78
2015 22.60
2016 27 42

Documents cited by public policy (Overton)

Evolution of the number of documents cited by public
policy documents according to Overton database.

Overton 2011 0
Overton 2012 2
Overton 2013 2
Overton 2014 1
Overton 2015 1

Documents related to SDGs (UN)

Evolution of the number of documents related to
Sustainable Development Goals de ned by United Nations.
Available from 2018 onwards.

SDG 2018 574
SDG 2019 1349
SDG 2020 2513
SDG 2021 3448

Estimated APC

It estimates the article processing charges (APCs) a
journal might charge, based on its visibility, prestige, and

Estimated nancial value

It represents the potential nancial worth of a journal. It is
obtained by multiplying the journal's Estimated APC by the

2012 2014 2016 2018 2020 2022 2024

0

0.25

0.5

0.75

2011 2013 2015 2017 2019 2021 2023

0

7k

14k

Cites / Doc. (4 years)
Cites / Doc. (3 years)
Cites / Doc. (2 years)

2011 2013 2015 2017 2019 2021 2023

0

0.7

1.4

2.1

2.8

3.5

2011 2013 2015 2017 2019 2021 2023

0

70k

140k

2011 2013 2015 2017 2019 2021 2023

0

2

4

2011 2013 2015 2017 2019 2021 2023

0

20

40

60

2011 2013 2015 2017 2019 2021 2023

0

20k

40k

2011 2013 2015 2017 2019 2021 2023

0

20k

40k

2011 2013 2015 2017 2019 2021 2023

0

20

40

2011 2013 2015 2017 2019 2021 2023

0

200

400

2018 2019 2020 2021 2022 2023 2024

0

2k

4k

4k 180M
Ads by

e



Metrics based on Scopus® data as of March 2025

7 months ago

Dear Sir,

On your website, the journal Applied Science (MDPI) is classi ed as belonging to the Q2 quartile in

the category "Engineering (Miscellaneous)." However, for the same year and the same category on

the Scopus database, its rank is 73/302 = 0.242, i.e., it belongs to the Q1 quartile. Could you

explain this discrepancy?

Thank you very much for your clari cation.

reply

8 months ago

Please how much is the APC of the journal?

reply

Show this widget in
your own website

Just copy the code below
and paste within your html
code:

<a href="https://www.scima

Explore, visuallyExplore, visuallyExplore, visually
communicate and makecommunicate and makecommunicate and make
sense of data with oursense of data with oursense of data with our

...

S
yourGyoyo

7 months ago

Dear G.A.,

Thank you for contacting us.

As you probably already know, our data come from Scopus, they annually send us an

update of the data. This update is sent to us around April / May every year.

The calculation of the indicators is performed with the copy of the Scopus database

provided to us annually. Regarding your inquiry about the Quartile distribution process at

SCImago, the journals are ranked and distributed in 4 equal groups based on their SJR

value, unlike Scopus, who ranks the publications by percentiles based on the journal’s

CiteScore.

The Quartile methodology, like others that are used to group results such as percentiles,

can be applied to any indicator. Currently, Scopus offers information on the journals

ranking and the percentile they occupy according to the CiteScore indicator (https://

service.elsevier.com/app/answers/detail/a_id/14880/supporthub/scopus/), which is

perceived as an impact indicator, but that is different from the SJR, as the latter is also a

normalized impact indicator (https://www.scimagojr.com/ les/SJR2.pdf).

Both Scopus and SCImago Journal and Country Rank offer information on the SJR

indicator for every journal, although the position of each of the publications and the

quartile in which it is located according to the SJR can be consulted at https://

www.scimagojr.com.

According to the above, the difference in the information consulted on the Scopus

journal’s pro le and in Scimagojr.com lies in the fact that they represent the position of

the journal based on two different indicators, which are not directly comparable because

they measure two different dimensions: Impact (CiteScore) and Normalized Impact (SJR).

Additionally, it is important to keep in mind that, although the quartiles in SJR tend to be

distributed in 4 groups of equal size and that the journals appear sorted by the highest

SJR to the lowest SJR, it is not always possible due to ties in SJR values and, therefore,

journals with the same SJR must be distributed within the same quartile, which may lead

to differences in the number of journals within that quartile.

Best Regards,

SCImago Team

SCImago Team

O

Cl
os

e
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11 months ago

I hope this message nds you well.

I am considering submitting a manuscript to your esteemed journal and would like to inquire about

the publication fees associated with your journal. Speci cally, could you please provide information

on whether there are any fees for manuscript submission, processing, or publication? If fees are

applicable, I would appreciate details on the amount and the payment process.

reply

1 year ago

Hi, I have been publishing in this journal (Applied Sciences) since November 2023, but my article

has not appeared in the Scimago database or EndNote. I cannot nd it when searching for my

article. What should I do?

reply

1 year ago

Hello

I hope you are doing well. I am the corresponding author of a essay that was cited in an article

published in the Applied Sciences journal. But, my essay was mistakenly stated in reference.

How to correct the reference of an article published in your journal?

8 months ago

Dear Olumide,

Thank you for contacting us.

We suggest you visit the journal's homepage or contact the journal’s editorial staff , so

they could inform you more deeply.

Best Regards, SCImago Team

SCImago Team

E

11 months ago

Dear El Mehdi,

Thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a

portal with scientometric indicators of journals indexed in Elsevier/Scopus.

We suggest you visit the journal's homepage or contact the journal’s editorial staff , so

they could inform you more deeply.

Best Regards, SCImago Team

SCImago Team

N

1 year ago

Dear Narisara,

Thank you very much for your comment. We suggest you contact the Scopus support

team: https://service.elsevier.com/app/answers/detail/a_id/14883/kw/scimago/

supporthub/scopus/

Best Regards, SCImago Team

SCImago Team

M

article pub
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Regards

Rahmani

reply

2 years ago

Dear staff,

on July/September 2023 the rank was Q1 in Engineering (misc.) category for the year 2022 (my

colleagues of my university commented this raise with me). I have discovered (and also my

colleagues have discovered) now that the rank is Q2 in Engineering (misc.) category, for the same

year (2022).

Could you explain please what happens and why?

Thank you

Best Regards

reply

3 years ago

Hi I have question about how canI speerd here cost time

reply

1 year ago

Dear Mahmood,

Thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a

portal with scientometric indicators of journals indexed in Elsevier/Scopus.

We suggest you contact the journal’s editorial staff , so they could inform you more

deeply.

Best Regards, SCImago Team

SCImago Team

C

2 years ago

Dear Chiara,

Thank you for contacting us.

SCImago platform is updated only once a year, after receiving the Scopus annual update.

The last SCImago's update was made in May 2023, and no further updates were made

throughout the year.

Best Regards, SCImago Team

SCImago Team

N

3 years ago

Dear Noor,

Thank you for contacting us.

We suggest you visit the journal's homepage or contact the journal’s editorial staff , so

they could inform you more deeply.

Best Regards, SCImago Team

SCImago Team

Ads by
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4 years ago

Sir

Most humbly, I submit that is the applied Sciences (Switzerland) paid journal? How much

processing charges needed for publication in the journal.

reply

4 years ago

here, in scimago journal is shown as Q1 but in the journal o cial website it is shown as Q2.

Please clarify the same

reply

4 years ago

I published an article in a special issue that is said to belong to the Energy section.

The article is called Perspective of large scale production of algae-biodiesel.

In which Subject Area and Category article belong?

Which quartile?

reply

4 years ago

Is that mean that can be applied section Engineering (Q1)?

N

4 years ago

Dear Nand,

thank you for contacting us.

Unfortunately, we cannot help you with your request, we suggest you visit the journal's

homepage or contact the journal’s editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team

SCImago Team

T

4 years ago

Dear Tairo, thank you for contacting us.

For every journal, the annual value of the SJR is integrated into the distribution of SJR

values of all the subject categories to which the journal belongs. There are more than 300

subject categories. The position of each journal is different in any category and depends

on the performance of the category, in general, and the journal, in particular . Best

Regards, SCImago Team

SCImago Team

M

M

4 years ago

Dear Mladen,

Thank you for contacting us. All the articles published in a journal that has been listed in

different categories and has different quartile data inherit all the Subject Categories of thes different 
Ads by

e
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4 years ago

I would like to know how much time does the SN journal of applied sciences take to give its rst

decision its been around a month now and the status of my manuscript is still New submission.

reply

5 years ago

why this journal is not ranked as a Chemistry (miscellaneous) journal? It published several

important articles in the eld in last years!

reply

5 years ago

I really enjoy reading this post.

Thank you.

reply

5 years ago

Why is plotted as a Q1 when the o cial data states it is a Q2 in General Engineering??

https://www.mdpi.com/journal/applsci

journal.

Best Regards, SCImago Team

A

4 years ago

Dear Ankit,

thank you for contacting us.

Unfortunately, we cannot help you with your request, we suggest you contact the journal’s

editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team

SCImago Team

L

5 years ago

Dear Lu Phi,

Thank you for contacting us. Our data come from Elsevier, which offers an annual copy of

their database. Scopus provides us the category for a journal. So, it is Scopus who should

proceed to make the necessary changes. If they let us know, we can modify it in the SJCR.

Greetings from Spain and thank you for using the SCImago products, SCImago Team

SCImago Team

5 years ago

Dear Soundos, thanks for your participation! Best Regards, SCImago Team

SCImago Team

J

p
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reply

5 years ago

Is SN Applied Science Journal Has SJR and in scoups

reply

5 years ago

Hello

I want to publish my paper in a short time! could you please let me know the process and

payment!!

Best regards

Haidari

5 years ago

Hello. I need to know how to understand the comments of reviewers? For example:

Reviews after submissions are different;

Even good comments of reviewers have been ended in negative decisions;

Reviewers write comments almost without con rmations. (One reference was about a soft robot,

when a described robot in my article consists of rigid parts-links.)

reply

5 years ago

Dear Jon,

thank you for contacting us. This journal is Q1 only in Engineering (misc.) category.

For every journal, the annual value of the SJR is integrated into the distribution of SJR

values of all the thematic categories to which the journal belongs. There are more than

300 thematic categories. The position of each journal is different in any category and

depends on the performance of the category, in general, and the journal, in particular .

Best Regards, SCImago Team

SCImago Team

A

A

5 years ago

Dear Abdullah, thank you very much for your comment, we suggest you look for

author's instructions/submission guidelines in the journal's website. Best Regards,

SCImago Team

SCImago Team

5 years ago

Dear Ashraf, thank you very much for your comment.

The SJR's data is available above.

We suggest you to consult the Scopus database to see the current index status of this

journal. Keep in mind that the SJR is a static image (the update is made one time per

year) of a database (Scopus) which is changing every day.

Best Regards, SCImago Team

SCImago Team

A
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5 years ago

i want to now the quartile of SN Applied Sciences

reply

5 years ago

Dear Sir,

Please,I want to know the ranking of "A Novel Approach for Outdoor Fall Detection Using

Multidimensional Features from a Single Camera".

Kindly,

Win PaPa San

reply

7 years ago

I need to know if Applied sciences journal is ISI or not.

reply

5 years ago

Dear Aistis,

thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a

portal with scientometric indicators of journals indexed in Elsevier/Scopus.

Unfortunately, we cannot help you with your request, we suggest you to contact the

journal’s editorial staff , so they could inform you more deeply. Best Regards, SCImago

Team

SCImago Team

Z

5 years ago

Dear Zayed, thank you very much for your request. You can consult that information in

SJR website. Best Regards, SCImago Tea

SCImago Team

W

5 years ago

Dear user, thank you very much for your comment, unfortunately we cannot help you with

your request. Best regards, SCImago Team

SCImago Team

E

7 years ago

Dear El Sayed, SCImago Journal and Country Rank uses Scopus data, our impact indicator

is the SJR. Check our page to locate the journal. We suggest you consult the Journal

Citation Report for other indicators (like Impact Factor) with a Web of Science data

source. Best Regards, SCImago Team

SCImago Team
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The users of Scimago Journal & Country Rank have the possibility to dialogue through comments linked to a

speci c journal. The purpose is to have a forum in which general doubts about the processes of publication in the

journal, experiences and other issues derived from the publication of papers are resolved. For topics on particular

articles, maintain the dialogue through the usual channels with your editor.
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