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Marine macroalgae-associated
fungi from Yacila and Los
Cangrejos beaches (Northern
Peru) and previously selected
marine bacteria evaluated as
plant growth promoters in
maize under saline stress
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Miriam Marleni Rosales-Cuentas1,
Carlos Augusto Salazar-Sandoval2,
Heber Peleg Cornelio-Santiago3,
Jube Ciro Portalatino-Zevallos4

and Edwin Jorge Vega-Portalatino1*
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The diversity of marine fungi associated with macroalgae in Peru remains largely
unknown, and no studies have provided holistic data on their biodiversity or their
role as plant growth promoters in maize under salinity stress conditions.
Endophytic and epiphytic fungi were isolated from the macroalgae Caulerpa
sp., Ulva sp., Ahnfeltiopsis sp., and Chondracanthus chamissoi , collected from
Yacila and Cangrejos beaches (Piura, Peru), while marine bacteria were provided
by the Microbial Biotechnology Research Laboratory of the National University of
Frontera. The growth-promoting properties of these marine microorganisms
were evaluated prior to their inoculation in maize. Fungal isolates were
phylogenetically characterized by ITS sequencing as Penicillium sp. YAFL13,
Penicillium sp. YUFE7, Talaromyces stollii YAFL19, T. stollii YAFL4, T.
amestolkiae YCFR3, Aspergillus sydowii CCDF2, A. sydowii YFep2, and A.
sydowii YFep3. In total, 12 marine fungi were isolated and used in the assays
along with 10 marine bacteria. Based on antimicrobial activity, IAA synthesis,
siderophore production, phosphate solubilization, and hydrolytic enzyme
production, three fungal strains (Penicillium sp. YAFL13, A. sydowii CCDF2, and
A. sydowii YFep2) and two bacterial strains (Bacillus sp. YCFR5 and Pantoea
agglomerans YAFL6) were selected. Among them, A. sydowii CCDF2 signi� cantly
enhanced maize growth parameters, highlighting its promising potential as a
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plant inoculant. This study represents one of the few reports on marine
microorganisms associated with marine macroalgae, revealing a valuable
fungal diversity and its potential role in promoting maize growth under saline
stress conditions.
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1 Introduction

Soil salinization, intensi�ed by climate change and inadequate
agricultural practices, affects more than one billion hectares
worldwide and represents a serious threat to food security,
according to the Food and Agriculture Organization of the
United Nations (Liu et al., 2025b). Salinity stress limits the
growth and yield of crops such as maize (Zea mays L.),
particularly in arid and semi-arid regions (Dog�ru, 2021), by
inducing ethylene accumulation, which inhibits plant
development. In contrast, polyamine synthesis activates
physiological responses that improve stress tolerance (El-Tarabily
et al., 2020, 2021). Due to the limited effectiveness of conventional
strategies, such as genetic improvement, interest in the use of plant
growth-promoting microorganisms has increased as a sustainable
alternative to mitigate the effects of salinity stress.

Plant growth-promoting rhizobacteria (PGPR) and endophytic
fungi have demonstrated multiple bene�cial mechanisms of action,
including phosphate solubilization, nitrogen �xation, iron
acquisition, and the synthesis of phytohormones such as auxins,
gibberellins, cytokinins, ethylene, and abscisic acid (El-Tarabily
et al., 2021; Patel et al., 2023; Watts et al., 2023). Additionally,
many of these microorganisms enhance stress tolerance by reducing
the levels of 1-aminocyclopropane-1-carboxylic acid (ACC), the
precursor of ethylene, through the activity of ACC deaminase,
thereby decreasing ethylene accumulation and promoting greater
growth under saline conditions (Acuña et al., 2019).

Although these effects have been widely studied in terrestrial
microorganisms, marine microorganisms have received
considerably less attention (Rathod et al., 2023). The marine
environment presents extreme conditions of salinity, pressure,
and temperature, which act as selective factors driving the
evolution of unique adaptive mechanisms in bacteria and fungi
(Kumar et al., 2022; Behera and Das, 2023). These adaptations
include the production of bioactive metabolites such as �avonoids,
sterols, tannins, and polysaccharides, which not only support
microbial survival but may also be exploited in agricultural
applications (Hagaggi and Abdul-Raouf, 2022; Rathod et al., 2023).

Marine macroalgae represent important natural hosts for these
microorganisms and are primarily classi�ed as brown algae
(Phaeophyceae, ~1,755 species), red algae (Rhodophyta, ~6,000
species), and green algae (Chlorophyta, ~1,500 species)
02
(Abdelrazek et al., 2024). These algae play a crucial role in marine
primary production by generating nutrient-rich habitats that
facilitate colonization by diverse organisms (Vega-portalatino
et al., 2024). Moreover, they are a source of bioactive compounds
with potential pharmacological, food, and agricultural applications
(Latif et al., 2022; Delgado et al., 2021; Cuchca Ramos et al., 2025).

On the Peruvian coast, species such as Chondracanthus
chamissoi (“yuyo”), Caulerpa sp., Ulva sp., and Ahnfeltiopsis sp.
have been identi�ed as macroalgae of interest. Chondracanthus
chamissoi, a red alga distributed in Peru and Chile, has high
commercial value and is used for carrageenan extraction and as
an organic fertilizer (Arbaiza et al., 2023; Diaz Ruõ�z et al., 2021;
Soto-Deza et al., 2025). Caulerpa sp., although reported to have
bactericidal activity (Santa M. et al., 2023), has no known
agricultural applications (Aguilar et al., 2022). Ulva sp., on the
other hand, has shown biostimulant effects in crops such as Lactuca
sativa (Cuchca Ramos et al., 2025), while Ahnfeltiopsis sp., also
found on the northern coast of Peru, has not yet been studied for
agricultural use (Vega-portalatino et al., 2024).

One of the challenges in using macroalgae directly as
biostimulants is the requirement of large volumes of biomass to
obtain small amounts of active metabolites. In this regard,
endophytic microorganisms associated with macroalgae represent
a more viable alternative, as they can be cultivated under laboratory
conditions for large-scale production of bioactive compounds
(Wong Chin et al., 2021). However, the microbial biodiversity of
these associations remains poorly understood.

The composition of endophytic communities in macroalgae
varies considerably depending on multiple factors, including algal
species and genotype, tissue origin, phenological stage, nutrient
availability, geographic location, and host interaction (Dastogeer
et al., 2018; Wong Chin et al., 2021). This complexity has driven
increasing interest in exploring unique marine fungal taxa, many of
which produce metabolites with potentially bene�cial functions for
plant growth under abiotic stress conditions (El-Bondkly et al.,
2021; Hagaggi and Abdul-Raouf, 2022).

In addition, bacterial and fungal cultures offer advantages such
as ef�cient biomass production, resistance to industrial conditions
(agitation, pressure), and precise control of variables such as pH,
temperature, and culture time, making them ideal candidates for
large-scale biotechnological applications (Vasanthkumar et al.,
2024). In line with these considerations, in this study, marine
frontiersin.org
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fungi were isolated from macroalgae collected from the beaches of
Yacila and Cangrejos (Piura, Peru) with the objective of evaluating
their plant growth-promoting capacity through antimicrobial
activity assays, IAA synthesis, siderophore production, phosphate
solubilization, and the production of hydrolytic enzymes such as
cellulases, pectinases, proteases, and amylases, along with marine
endophytic bacteria. Furthermore, phylogenetic identi�cation was
performed using molecular analyses on marine fungi preselected for
their biostimulant activity. Finally, the effects of fungi and bacteria
on maize growth under saline stress conditions were evaluated, with
the aim of developing effective microbial formulations and
highlighting the potential of these microorganisms for
sustainable agriculture.
2 Materials and methods

2.1 Collection of macroalgae and isolation
of endophytic and epiphytic fungus

Macroalgae samples were collected in March 2024 from two
coastal sites in the Piura region, northern Peru: Yacila Beach
(Latitude: �5.1321, Longitude: �81.1707) and Los Cangrejos
Frontiers in Fungal Biology 03
Beach (Latitude: �5.1422, Longitude: �81.1662), both located in
the province of Paita (Figure 1). Four macroalgae species were
collected: Caulerpa sp., Ahnfeltiopsis sp., Ulva sp., and
Chondracanthus chamissoi, taxonomically identi�ed by our
research group, and endophytic and epiphytic fungi were isolated
following the methodology by Vega-portalatino et al. (2024) with
some modi�cations. In this case, macroalgae fragments were
transferred to potato dextrose agar (PDA) supplemented with
chloramphenicol (200 mg/mL) and incubated at 25 °C for 7 to 10
days. A fungus was considered endophytic when the control vial
containing 2 mL of potato dextrose broth (PDB) showed no
microbial growth. Subsequently, fungi growing on the fragments
were puri�ed by point inoculation on Petri dishes with PDA.
Regarding epiphytic, Caulerpa sp. fragments were washed in
tubes containing saline solution (NaCl 0.8%) at a 1/10 (w/v) ratio
and inoculated by spread plating with sterile swabs on Petri dishes
containing PDA, then puri�ed in the same manner. Marine fungi
(endophytes and epiphytic) were preserved in slant tubes with PDA.
Additionally, all spores of axenic fungi were cryopreserved in
cryovials using a base solution of 30% glycerol, 0.05% agar-agar,
and 0.05% Tween 20, according to (Ulloa-Muñoz et al., 2020).

In addition, physicochemical parameters of the water were
measured (Table 1), including pH, temperature, total dissolved
FIGURE 1

Collection sites of marine macroalgae (Northern coast of Peru). (A) Yacila Beach and (B) Los Cangrejos Beach. Source: Own elaboration (Software:
National Geographic Institute of Peru – Center for Geospatial Data Infrastructure).
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