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Abstract:

This study evaluated the effects of different concentrations of extracts from microalgal strains
identified as Chlorella vulgaris, Chlorella sorokiniana, Scenedesmus quadricauda and
Scenedesmus almeriensis, in germination bioassays using rice (Oryza sativa), tomato
(Solanum lycopersicum) and watercress (Nasturtium officinale) seeds to assess the
germination index (GI). The biostimulant effects were tested at different concentrations of
the algal extracts coded as Al», Bar;, Bars and SA at 0.1 g/L and 0.5 g/L each. The extract of
strain Bars at 0.1 g/L exhibited the strongest biostimulant effect in most of the assays, with
19 out of 25 germinated seeds and a GI of 137+0.24% in rice seeds. The remaining extracts
showed a germination-promoting effect ranging from 119% to 133%. In contrast, strain SA
displayed a mild inhibitory effect, with GI of 84% and 85% at 0.1 and 0.5 g/L, respectively,
both below the negative control. In the tomato seed assay, Bars resulted in 18+1.89
germinated seeds and a GI of 220+0.41%. The other extracts also showed germination-
promoting activity, with values ranging from 187% to 216%. Finally, in the watercress seed
assay, Bars at 0.1 g/L again demonstrated the highest biostimulant effect, reaching 10£3.21
germinated seeds and a GI of 3194+38%. Considering the phytohormones present in
microalgae as a key factor in the valorization of these microscopic organisms opens
promising perspectives; it represents not only a growing opportunity but also an innovative
approach that could significantly contribute to improving efficiency and sustainability in
agriculture.
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Resumen:

Este estudio evaluo los efectos de distintas concentraciones de extractos de microalgas
identificadas como Chlorella vulgaris, Chlorella sorokiniana, Scenedesmus quadricauda y
Scenedesmus almeriensis en bioensayos de germinacion de semillas de arroz (Oryza sativa),
tomate (Solanum lycopersicum) y berro (Nasturtium officinale) evaluando el indice de
germinacion (IG). Los efectos bioestimulantes fueron evaluados a distintas concentraciones
de los extractos microalgales con cédigos Aly, Bari, Bars y SA respectivamente a 0.1g/L y
0.5 g/L cada una. El extracto de la cepa Bars a 0.1 g/L exhibi6 el mayor efecto bioestimulante
en la mayoria de los ensayos, con un nimero de semillas germinadas de 19 de 25 y un IG de
13740.24% en las semillas de arroz. Los extractos restantes presentaron un efecto promotor
de la germinacion en un rango desde 119 a 133%. En contraste, la cepa SA mostr6 un efecto
inhibitorio leve, con IG de 84% y 85% a 0.1 y 0.5 g/L, respectivamente, por debajo del control
negativo. Bars obtuvo un nimero de germinacion de 18+1.89% y un IG de 220+0.41% en el
ensayo con semillas de tomate. Los extractos restantes presentaron un efecto promotor de la
germinacion en un rango desde 187 a 216%. Finalmente, la cepa Bars a 0.1 g/L nuevamente
present6 el mayor efecto bioestimulante en el ensayo con semillas de berro, obteniendo un
nimero de germinacion de 10+£3.21 y un IG de 319+38%. La consideracion de las
fitohormonas presentes en las microalgas como un factor clave en la valorizacion de estos
organismos microscopicos abre perspectivas prometedoras; no solo se trata de una
oportunidad creciente, sino también de un enfoque innovador que podria contribuir
significativamente a mejorar la eficiencia y la sostenibilidad en la agricultura.
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increased tolerance to abiotic stress, and
improved quality of agricultural products.
Within this group, phytohormones have
been widely recognized as biostimulant
agents. These are low-molecular-weight
organic compounds that regulate vital
processes in plant cells and allow growth
adaptation under adverse environmental
conditions (Ohri ef al., 2015). They act as
chemical messengers involved in a wide
spectrum of  physiological and
biochemical processes in higher plants,
even at very low concentrations. To date,

1. Introduction

According to the European Biostimulants
Industry Council (EBIC), biostimulants
enhance nutrient use efficiency and
improve plant tolerance to abiotic stress,
resulting in improved crop quality and
yield (EBIC, 2016). In this regard, Drobek
et al. (2019) emphasize that biostimulants
should not be considered biofertilizers, as
they do not directly supply nutrients but
instead facilitate their uptake through
modifications of the rhizosphere and plant

metabolism. This mechanism contributes
to greater nutrient utilization efficiency,

ten major groups of phytohormones have
been identified: auxins, cytokinins (CK),
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gibberellins (GA), abscisic acid (ABA),
ethylene (ETH), brassinosteroids (BR),
salicylates (SA), jasmonates (JA),
strigolactones  (SL), and  peptide
hormones. Of these, the first five (auxins,
CK, GA, ABA, and ETH) are traditionally
classified as “classical,” while the
remaining groups represent emerging
families in phytohormonal regulation (Su
etal., 2017).

In microalgae, the biological functions of
auxins are analogous to those observed in
higher plants (Stirk and van Staden, 1996).
Indole-3-acetic acid (IAA) is the most
relevant auxin in plant cells, along with
indole-3-butyric acid and indole-3-
acetamide, which have been identified in
at least 46 microalgal species belonging to
Cyanophyta and Chlorophyta (Wang et al.,
2021). Cytokinins, in turn, stimulate cell
division in microalgae, promote the
accumulation of photosynthetic pigments,
and optimize photosynthetic efficiency,
thereby contributing to biomass increase
(Mousavi et al., 2016). Their
concentration exhibits circadian
variations, with low levels during dark
periods and higher levels during the light
phase (Schmiilling et al., 2003).
Gibberellins are involved in cell
elongation and regulate processes
associated with carbon metabolism,
influencing both growth and metabolism
in microalgae. In higher plants, these
hormones control key processes such as
seed germination, stem elongation, leaf
expansion, and flower and seed
development (Tarakhovskaya et al., 2007).
Abscisic acid, a 15-carbon
sesquiterpenoid, accumulates primarily in
senescent organs and tissues, where it
exerts an inhibitory effect on cell growth
(Anantharaman and Aravind, 2001). In
microalgae, ABA also plays a crucial role
in inducing dormant states under adverse
conditions, thereby promoting survival

and increasing resistance to environmental
stress (Yoshida et al., 2004). This study
aimed to evaluate the Dbiostimulant
capacity of phytohormonal extracts from
native microalgae from Baru and Alanje,
applied in seed germination bioassays with
rice, tomato, and watercress. Extracts were
tested at different concentrations and
compared with negative and positive
controls to determine their potential as
natural biostimulants and assess their
implications for more  sustainable
agriculture.

2. Materials and Methods

2.1 Strain isolation

Sampling was carried out in two locations
in the province of Chiriqui, Panama: the
district of Baru (La Esperanza) and the
district of Alanje (EI Tejar). At each site,
shallow bodies of water associated with
rice farms were selected as sources of
inoculum. The collected samples were
then taken to the laboratory while keeping
them refrigerated with ice, isolated and
cultivated at our institute, and
subsequently identified at the Center for
Research in Marine Sciences and
Limnology (CIMAR, UCR). Chlorella
vulgaris (Bars), Chlorella sorokiniana
(Alb) and Scenedesmus quadricauda
(Bar1) were identified in samples (Table
1). Biomass was cultivated in 10 L reactors
operated in batch mode, with continuous
aeration and pH control maintained
between 7 and 8. Conventional LED lamps
were used to provide light, applying a
photoperiod of 12 h light/12 h darkness.
Growth was monitored in triplicate using
UV-Vis spectrophotometry, recording the
optical density at 680 nm. The cultures
were scaled up to reach cell densities of
0.7908, 2.666 and 3.0203 g/L for strains
Bars, Al, and Bari (S. quadricauda—
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Baru), respectively. The Scenedesmus
almeriensis (SA) strain, from the BIO173
group (Almeria), was included as a
reference, reaching a cell density of 1.782
g/L. The biomass of each strain was
recovered by centrifugation (6000 rpm, 5
min) in 50 mL conical tubes, freeze-dried,
and stored at -20 °C until the extracts were
prepared.

of

2.2Preparation the

extract

From the lyophilized biomass of each
strain (Al,, Bar;, Bars and SA), stock

solutions were prepared at a concentration
of 2 g/L by dissolving 0.4 g of freeze dry
biomass in 200 mL of sterile distilled
water. Each suspension was then subjected
to cold ultrasonic treatment using a
Branson 5800 ultrasonic bath for 1 hour at
100% amplitude with constant agitation, in
order to promote cell disruption and
metabolite release. From these stock
solutions, serial dilutions were prepared to
obtain the final concentrations required for
the bioassays (0.5 g/L. and 0.1 g/L) (Table
1). The solutions were adjusted to the
required volume for each assay and kept
refrigerated until use.

Table 1. Strains, origin and concentration of microalgae used in bioassays.

Microalgal . . . .
strain code Species Origin Concentration [g/L]
Bars Chlorel?a Bara, Panama 0.1 0.5
vulgaris
Al Chlo're'lla Alanje, Panama 0.1 0.5
sorokiniana
Bar; Scenec?esmus Bara, Panama 0.1 0.5
quadricauda
SA Scenec{esmys Almer~1a, 0.1 0.5
almeriensis Espafia

2.3Germination of tomato
and rice seeds under the
effect of gibberellic acid

Tomato (Solanum lycopersicum), rice
(Oryza sativa), and watercress seeds were
disinfected by immersion in a 30% (v/v)
hydrogen peroxide (H20:) solution for 5
minutes. Subsequently, 2 mL of the
corresponding extract (0.1 and 0.5 g/L)
were placed in 90-mm Petri dishes
containing sterile filter paper. Twenty-five
seeds were sown per plate, with four
replicates per treatment and concentration.
Sterile distilled water was used as a
negative control, while gibberellic acid

(GAs) at 3 mg/L served as the positive
control.

Plates were incubated at 25 °C for 3 days.
Seeds were considered germinated when
radicles of > 2 mm in length developed.
Seedling length was determined using
ImageJ software, complemented by
manual measurements with a millimeter
ruler. Germination rate and shoot length
were evaluated for each treatment,
comparing them with controls and with the
gibberellic acid calibration curve. The
germination index (GI) was calculated
according to Equation 1:
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G* L
GI(%)zG\N—* 100

* Lw
Equation 1. Calculation of GI (%)

GI: Germination Index

G: Number of germinated seeds
(with extract)

L: Shoot length (with extract)
Gw: Number of germinated seeds
(with distilled water)

Lw: Shoot length (with distilled
water)

This index integrates two parameters: the
proportion of seeds that germinate and the
growth of the resulting seedlings. In this
way, it enables a comparative evaluation of
the biostimulant effect of the treatments, in
contrast with the negative control. A GI
value > 100% indicates a promotive effect
on germination and growth, whereas GI
values < 100% suggest an inhibitory
effect.

2.4Statistical analysis

Results were expressed as mean + standard
deviation (SD). Differences among

treatments were evaluated using one-way
analysis of variance (ANOVA), followed
by Tukey’s post hoc test for multiple mean
comparisons. Differences were considered
statistically significant at p<0.05.

3. Results and Discussion

3.1Germination of rice
seeds

Table 2 and Fig. 1 illustrate the response of
rice seeds to the application of microalgal
extracts at different concentrations (0.1
and 0.5 g/L). The germination index (GI),
calculated relative to the negative control
(H20d, GI=100%), allowed for the
evaluation of both germination induction
capacity and the biostimulant effect of the
treatments.

Among the extracts tested, strain Bary at
0.1 g/L stood out by promoting the highest
number of germinated seeds (19+2.94 out
of25), longer shoots (2.6+£0.29 cm), and an
elevated GI (137+0.18).

Table 2. Evaluation of the number of germinated rice seeds in response to the tested

samples.
Sample Concentration (g/L) Germination Index (%)

H>Od - 100
GA; 0.003 195
0.1 137

Bary 0.5 119
0.1 122

Al 0.5 120
0.1 137

Ban 0.5 118
0.1 85

SA 0.5 84
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Figure 1. Percentage of rice seed germination under exposure to extracts.

This behavior, similar to that reported by
Santos et al. (2019), who found that the
application of biostimulants based on
Ascophyllum  nodosum  extract  in
ornamental sunflower requires an optimal
concentration to increase germination
rates, suggests that low doses of the extract
enhance efficiency in the germination
process, possibly due to improved
availability of bioactive compounds at the
root level, without causing osmotic stress
or an accumulation of secondary
metabolites that could inhibit germination.
In contrast, higher concentrations (0.5 g/L)
did not show proportional increases in GI,
suggesting a dose-dependent effect with an
optimum near 0.1 g/L. This pattern is
consistent with previous reports in which
microalgal extracts enhanced early plant
development at low doses, while higher

concentrations tended to reduce the
stimulatory response due to saturation or
mild phytotoxicity (Mutum et al., 2023).

However, despite the observed trends,
one-way ANOVA and Tukey’s test
indicated that differences in GI among
treatments and the negative control were
not statistically significant (p>0.05). This
result indicates that, although mean
germination values increased under certain
treatments, such changes did not reach the
statistical robustness required to confirm
them as consistent effects at this
experimental stage. Similar behavior has
been reported in studies evaluating pre-
germination treatments in Acacia species,
where improvements in germination did
not always translate into statistically
significant differences (Alzandi et al.,
2025). This highlights that early
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germination assays—even when showing
positive trends—may not reach statistical
significance when the magnitude of the
response is modest, as observed in our rice
seed assays with microalgal extracts.
Overall, the results suggest that the Bary
extract at 0.1 g/L exhibits an initial
biostimulant potential on rice seeds, as
reflected by the positive trends observed in
germination index and seedling growth.
Although these effects did not reach
statistical significance at this stage, the
response pattern is consistent with findings
reported in other microalgae—plant
systems.

3.2Germination of tomato
seeds

Table 3 and Fig. 2 show the biostimulant
effect of microalgal extracts on tomato
seed germination. Results indicate that the
GI was influenced both by the strain used
and by the applied concentration,
confirming a dependency on these two
factors.

Overall, all strains produced positive
increases compared to the negative control
(H0d, GI=100%), suggesting the
presence of bioactive compounds with
activity analogous to that of the positive
control (GAs at 0.003 g/L, GI=276%).
Gibberellins, known for their essential role
in seed germination and stem elongation,
appear to have a functional counterpart in
the metabolites present in the evaluated
extracts, supporting their potential use as
natural biostimulants.

The analysis revealed that strain Bars at
0.1 g/L exhibited the highest GI (220%),
even surpassing the GAs positive control,
followed by strain SA 0.1 g/L (207%) and
Bar; at 0.1 g/L (203%). Similarly, Alling et
al. (2023) reported in their study on tomato
seeds that all treatments with Chlorella
vulgaris led to significantly faster
germination compared with the water
control, achieving at least a 0.5-day
reduction in germination time. These
findings support the notion that low doses
of microalgal extracts can enhance early
germination processes across different
plant species.

Table 3. Evaluation of the number of germinated tomato seeds in response to the tested

extracts.

Sample Concentration (g/L) Germination Index (%)
H>Od - 100
GA; 0.003 276
B 0.1 220
ar 0.5 200
0.1 100
Al 0.5 189
0.1 203
Ban 0.5 216
0.1 207
SA 0.5 167
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Figure 2. Percentage of tomato seed germination under exposure to extracts.

Nevertheless, further replication, cross-
species validation, and assessment of
additional physiological parameters—
such as enzymatic activity, hormonal
balance, or pigment accumulation—are
necessary to confirm the biostimulant
effect of Bars and to better elucidate its
underlying mechanisms. This pattern
suggests that, at low concentrations, the
extracts may create a favorable
environment for germination and early
development, possibly by stimulating the
synthesis of hydrolytic enzymes and the
mobilization of energy reserves.

In contrast, higher concentrations (0.5 g/L)
did not always result in a proportional
increase in GI, suggesting a possible
saturation threshold or even inhibitory
effects associated with excessive levels of
bioactive compounds. This type of dose-
dependent response has been widely
documented in studies involving plant-

based and microalgal extracts, where low
concentrations  tend  to enhance
germination, whereas higher doses can
diminish or nullify the biostimulant effect.
Consistent with this pattern, Puglisi et al.
(2020) reported that intermediate extract
concentrations achieved the highest
germination and vigor indices, while both
lower and higher doses failed to
outperform the control. These findings
reinforce the notion that the biostimulant
response operates within an optimum
range, beyond which physiological
benefits are attenuated or reversed.
Regarding statistical analysis, one-way
ANOVA and Tukey’s test confirmed that
only strain Bary at 0.1 g/L showed
significant differences compared to the
negative control (p=0.03<0.05). The other
treatments, although higher than the
control, did not demonstrate statistically
significant differences.
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3.3Germination of
watercress seeds

Table 4 and Fig. 3 illustrate the
biostimulant effect of microalgal extracts
on watercress seed germination. Results
indicate that treatments at 0.1 g/L yielded
GI increases ranging from 165% to 319%,
whereas at 0.5 g/L values ranged from
130% to 207%. These findings confirm
that extracts, at both concentrations,
promoted germination, although with
varying magnitude depending on the strain
tested.

A consistent pattern of  greater
biostimulant efficacy at lower
concentrations (0.1 g/L) was observed
across most treatments, indicating a clear
dose-dependent response in which reduced
doses enhanced germination more
effectively than higher ones. This
behaviour reflects a well-documented
pattern in seed bioassays: moderate
concentrations of microalgal extracts tend
to stimulate germination and early growth,
whereas elevated doses often lead to

saturation or partial inhibitory effects.
Similar trends have been reported in sugar
beet, where optimal germination responses
occurred at  intermediate  extract
concentrations and declined as the dose
increased (Puglisi ef al., 2020). Consistent
evidence has also been documented for
watercress, in which Chlorella extracts at
0.1 g/L maximised the GI, while higher
concentrations progressively reduced the
response (Morillas-Espafia et al., 2022).
The only exception in the present study
was strain SA, which displayed an
opposite trend by maintaining or even
reducing its efficacy at low concentrations.
This deviation may reflect intrinsic
differences in the profile of secondary
metabolites or the presence of compounds
with dual activity—promotive at certain
thresholds  and  inhibitory = when
concentrations fall outside their optimal
range. Such duality has been previously
suggested for specific microalgal and
plant-derived biostimulants, whose effects
depend strongly on both concentration and
biochemical composition.

Table 4. Evaluation of the number of germinated watercrees seeds in response to the
tested samples.

Sample Concentration (g/L) Germination Index (%)

H>Od - 100
GA; 0.003 295
0.1 319

Bars 0.5 130
0.1 165

Al 0.5 144
0.1 192

Bari 0.5 207
0.1 166

SA 0.5 145
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Figure 3. Percentage of watercress seed germination under exposure to extracts.

Despite the observed trends, statistical
analyses using one-way ANOVA and
Tukey’s test revealed that differences in GI
among treatments and the negative control
were not statistically significant (p>0.05).
This implies that, although mean values
suggest a positive effect on germination,
additional replicates and complementary
analyses are required to confirm the
robustness of these differences and to
understand the biochemical mechanisms
involved.

4. Conclusions

The species investigated Chlorella
vulgaris, Chlorella sorokiniana,
Scenedesmus quadricauda y Scenedesmus
almeriensis appear to be a highly
promising  source of  biostimulant

compounds,  exhibiting  outstanding
performance in the trials conducted
compared with the control treatment. The
findings indicate that microalgal extracts
exert a beneficial and distinctive influence
on seed germination and early seedling
development, thereby confirming their
potential as valuable inputs for sustainable
agriculture.

Importantly, the concentration of
microalgae in the tested extracts (0.1 g/L)
had a clear and significant impact on the
extent of the biostimulant response,
underscoring the necessity of defining
precise dosage protocols and optimal
application conditions to maximize their
effectiveness. This observation is in
agreement with  previous research
suggesting that both the chemical profile
of microalgal metabolites and the applied
concentration are decisive factors in
determining plant physiological responses.

©The Author(s) 2025. This article is published with open access by Sociedad Latinoamericana de

Biotecnologia Ambiental y Algal

32



Revista Latinoamericana de Biotecnologia Ambiental y Algal

Vol. 16 No. 2 pp. 23-35
5. Aknowledgments

We acknowledge the Centro de
Investigacion de Productos Naturales y
Biotecnologia (CIPNABIOT) of the
Universidad Auténoma de Chiriqui for
providing laboratory facilities and
technical support for the development of
this research. We also thank the National
Secretariat of Science, Technology and
Innovation (SENACYT) for financial
support through project APY-NI-2021-76
and the SENACYT-MOV-2022-09
Project.

Additionally, we express our appreciation
to the Centro de Investigacion de Ciencias
Marinas y Limnologia (CIMAR), where
Dr. Margarita and her team provided the
equipment and methods necessary for
species identification, and to the
Microalgae Technology Group BIO-173,
led by Dr. Francisco Acién at the Instituto
de Investigacion y Formacion Agraria y
Pesquera (IFAPA), University of Almeria
(Spain), for sharing their methodologies,
one of their strains, and providing
specialized training essential for carrying
out the bioassays. The support we received
has been invaluable to our work and
greatly contributed to the successful
development of this research.

Open Access: This article is distributed under
the terms of the Creative Commons Attribution
License (CC-BY 4.0) which permits any use,
distribution, and reproduction in any medium,
provided the original author(s) and the source
are credited.

6. References

Alling, T., Funk, C., Gentili, F. G. 2023.
Nordic  microalgae  produce
biostimulant for the germination of

tomato and barley seeds. Scientific

Reports, 13(1), 3509.
https://doi.org/10.1038/s41598-
023-30707

Alzandi, A. A., Aref, I. M., Grevstad, N.
2025. Effectiveness of Pre-Sowing
Treatments on Seed Germination
of Nine Acacia Species from Al-
Baha Region in Saudi Arabia.

Seeds, 4(2), 22.
https://doi.org/10.3390/seeds4020
022

Anantharaman, V., Aravind, L. 2001. The
CHASE domain: a predicted
ligand-binding module in plant
cytokinin receptors and other
eukaryotic and bacterial
receptors. Trends in Biochemical
Sciences, 26(10), 579-582.
https://doi.org/10.1016/s0968-
0004(01)01968-5

Drobek, M., Frac, M., Cybulska, J. 2019.
Plant Biostimulants: Importance of
the Quality and Yield of
Horticultural Crops and the
Improvement of Plant Tolerance to

Abiotic Stress—A Review.
Agronomy, 9(6), 335.
https://doi.org/10.3390/agronomy9
060335

EBIC. 2016. EBIC — The European
Biostimulants Industry Council.
Retrieved 2021, from
https://biostimulants.eu/

Morillas-Espafia, A., Ruiz-Nieto, A,
Lafarga, T., Acién, G., Arbib, Z.,
Gonzéalez-Lopez, C.V.  2022.

Capacidad  bioestimulante  de
especies de Chlorella y
Chlamydopodium producidas
con aguas residuales y
concentrado. Biology, 11 (7),

1086.

©The Author(s) 2025. This article is published with open access by Sociedad Latinoamericana de

Biotecnologia Ambiental y Algal

33


https://doi.org/10.1038/s41598-023-30707
https://doi.org/10.1038/s41598-023-30707
https://doi.org/10.3390/seeds4020022
https://doi.org/10.3390/seeds4020022
https://doi.org/10.1016/s0968-0004(01)01968-5
https://doi.org/10.1016/s0968-0004(01)01968-5
https://doi.org/10.3390/agronomy9060335
https://doi.org/10.3390/agronomy9060335
https://biostimulants.eu/

Revista Latinoamericana de Biotecnologia Ambiental y Algal
Vol. 16 No. 2 pp. 23-35

https://doi.org/10.3390/biology110
71086

Mousavi, P., Morowvat, M., Montazeri-

Najafabady, N., Abolhassanzadeh,
Z., Mohagheghzadeh, A., Hamidi,
M., Niazi, A., Ghasemi, Y. 2016.
Investigating the effects of
phytohormones on growth and
beta-carotene production in a
naturally  isolates  stain  of
Dunaliella  salina. Journal of
Applied Pharmaceutical Science,
164—-171.
https://doi.org/10.7324/japs.2016.
60826

Mutum, L., Janda, T., Darkd, E., Szalai,

G., Hamow, K. A., Molnar, Z.
2023. Outcome of microalgae
biomass application on seed
germination and hormonal activity
in winter wheat leaves. Agronomy,
13(4), 1088.
https://doi.org/10.3390/agronomy
13041088

Ohri, P, Bhardwaj, R., Bali, S., Kaur, R.,

Jasrotia, S., Khajuria, A., Parihar,
R. 2015. The Common Molecular
Players in Plant Hormone
Crosstalk and Signaling. Current
Protein & Peptide Science, 16(5),
369-388.
https://doi.org/10.2174/138920371
6666150330141922

Ohri, P., Bhardwaj, R., Bali, S., Kaur, R.,

Jasrotia, S., Khajuria, A., Parihar,
R. 2015. The Common Molecular
Players in Plant Hormone
Crosstalk and Signaling. Current
Protein & Peptide Science, 16(5),
369-388.
https://doi.org/10.2174/138920371
6666150330141922

Povero, G., Mgjia, J. F. C., Di Tommaso,

D., Piaggesi, A., Warrior, P. 2016.

A systematic approach to discover
and characterize natural plant
biostimulants. Frontiers in Plant
Science, 7.
https://doi.org/10.3389/1pls.2016.0
0435

Puglisi, 1., Barone, V., Fragala, F.,

Stevanato, P., Baglieri, A., Vitale,
A. 2020. Effect of Microalgal
Extracts from Chlorella vulgaris
and Scenedesmus quadricauda on
Germination of Beta vulgaris
Seeds.  Plants,  9(6), 675.
https://doi.org/10.3390/plants9060
675

Santos, P. L. F. D., Zabotto, A. R., Jordao,

H. W. C,, Boas, R. L. V., Broetto,
F., Tavares, A. R. 2019. Use of
seaweed-based biostimulant
(Ascophyllum nodosum) on
ornamental sunflower seed
germination and seedling growth.
Ornamental Horticulture, 25(3),
231-237.
https://doi.org/10.1590/2447-
536x.v25i3.2044

Schmiilling, T., Werner, T., Riefler, M.,

Krupkova, E., Bartrina, Y., Manns,
I. 2003. Structure and function of
cytokinin oxidase/dehydrogenase
genes of maize, rice, Arabidopsis
and other species. Journal of Plant
Research, 116(3), 241-252.
https://doi.org/10.1007/s10265-
003-0096-4

Steven, J., Cortés, A., Acero Godoy, J.,

David, J., Sanchez Mora, R. M. (in
press). Main hormonal regulators
and their interactions in plant
growth. Scielo.

Stirk, W. A., Ordoég, V., Novak, O.,

Rol¢iK, J., Strnad, M., Balint, P. J.,
Van Staden, J. 2021. Auxin and
cytokinin relationships in 24

©The Author(s) 2025. This article is published with open access by Sociedad Latinoamericana de
Biotecnologia Ambiental y Algal

34


https://doi.org/10.3390/biology11071086
https://doi.org/10.3390/biology11071086
https://doi.org/10.7324/japs.2016.60826
https://doi.org/10.7324/japs.2016.60826
https://doi.org/10.3390/agronomy13041088
https://doi.org/10.3390/agronomy13041088
https://doi.org/10.2174/1389203716666150330141922
https://doi.org/10.2174/1389203716666150330141922
https://doi.org/10.2174/1389203716666150330141922
https://doi.org/10.2174/1389203716666150330141922
https://doi.org/10.3389/fpls.2016.00435
https://doi.org/10.3389/fpls.2016.00435
https://doi.org/10.3390/plants9060675
https://doi.org/10.3390/plants9060675
https://doi.org/10.1590/2447-536x.v25i3.2044
https://doi.org/10.1590/2447-536x.v25i3.2044
https://doi.org/10.1007/s10265-003-0096-4
https://doi.org/10.1007/s10265-003-0096-4

Revista Latinoamericana de Biotecnologia Ambiental y Algal

Vol. 16 No. 2 pp. 23-35

microalgal strainsl. Journal of

Phycology,  49(3), 459-467.
https://doi.ore/10.1111/jpy.12061

Stirk, W. A., Van Staden, J. 2020. Potential
of phytohormones as a strategy to
improve microalgae productivity
for biotechnological

applications. Biotechnology
Advances, 44, 107612.

Su, Y., Xia, S., Wang, R., Xiao, L. 2017.
Phytohormonal quantification
based on biological principles.
Hormone Metabolism and
Signaling in Plants, 431-470.
https://doi.org/10.1016/b978-0-12-
811562-6.00013-x

Tan, C.Y., Dodd, I.C., Chen, J.E., Phang,
SM., Chin, CF., Yow, Y.Y.,
Ratnayeke, S. 2021. Regulacion de
la  produccion, fisiologia 'y
aplicacion de auxinas de algas y
cianobacterias en la agricultura:
una descripcion general. Revista de
Ficologia Aplicada, 33 (5), 2995-
3023.

Tarakhovskaya, E. R., Maslov, Y. L,
Shishova, M. F. 2007.
Phytohormones in algae. Russian
Journal of Plant Physiology, 54(2),
163-170.
https://doi.org/10.1134/s10214437
07020021

Uysal, O., Uysal, F. O., Ekinci, K. 2015.

Evaluation of Microalgae as
Microbial Fertilizer. European
Journal of Sustainable
Development, 4(2).
https://doi.org/10.14207/ejsd.2015

van2p77

Wang, B., Lan, C. Q. 2011. Optimising the

lipid production of the green alga
Neochloris oleoabundans using
box-behnken experimental design.
The Canadian Journal of Chemical
Engineering, 89(4), 932-939.
https://doi.org/10.1002/cjce.20513

Yakhin, O. L., Lubyanov, A. A., Yakhin, I.

A., Brown, P. H. 2017.
Biostimulants in Plant Science: A
Global Perspective. Frontiers in
Plant Science, 7.
https://doi.org/10.3389/1fpls.2016.0
2049

Yoshida, K., Igarashi, E., Wakatsuki, E.,

Miyamoto, K., Hirata, K. 2004.
Mitigation of osmotic and salt
stresses by abscisic acid through
reduction of  stress-derived
oxidative damage in
Chlamydomonas reinhardtii. Plant
Science, 167(6), 1335-1341.
https://doi.org/10.1016/j.plantsci.2
004.07.002

©The Author(s) 2025. This article is published with open access by Sociedad Latinoamericana de

Biotecnologia Ambiental y Algal

35


https://doi.org/10.1111/jpy.12061
https://doi.org/10.1016/b978-0-12-811562-6.00013-x
https://doi.org/10.1016/b978-0-12-811562-6.00013-x
https://doi.org/10.1134/s1021443707020021
https://doi.org/10.1134/s1021443707020021
https://doi.org/10.14207/ejsd.2015.v4n2p77
https://doi.org/10.14207/ejsd.2015.v4n2p77
https://doi.org/10.1002/cjce.20513
https://doi.org/10.3389/fpls.2016.02049
https://doi.org/10.3389/fpls.2016.02049
https://doi.org/10.1016/j.plantsci.2004.07.002
https://doi.org/10.1016/j.plantsci.2004.07.002

