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Abstract
Experimental alkaline and blended seaweed liquid extracts (ASLE and BSLE, respectively) were produced from red seaweeds
(Acanthophora spicifera, Gelidium robustum, and Gracilaria parvispora) and brown seaweeds (Macrocystis pyrifera,
Sargassum horridum, and Ecklonia arborea). The effects as biostimulants on the germination and growth of the mung bean
(Vigna radiata) were investigated. Variable concentrations (0.06, 0.12, 0.25, 0.5, 1, and 2%) of ASLE and BSLE were applied.
There was a significant difference between the effects of the varying seaweed liquid extracts on the mung bean. The maximum
increment in the germination percent (9%) over the control was obtained using the 0.5%BSLE fromM. pyrifera andG. robustum
(MPGR) administered of the original extract, as well as using the 2% BSLE from E. arborea and G. robustum. The best
biostimulant effect was observed in the mean shoot length, with an increase of 39%, compared to the control using 0.25%
ASLE from E. arborea. Additionally, a maximum total average length increase of 27% was obtained using 2% ASLE from
E. arborea, and an increase of 25% was obtained with a 0.25% blend composed of E. arborea and G. parvispora. Compared to
the control, the maximum dry weight average with an increase of 45% was obtained with a 0.05% BSLE produced from
E. arborea and G. parvispora applied. Overall, the blended extracts from the brown E. arborea and the red G. parvispora
showed the best biostimulant effect as shown in the increase of length and weight of the mung bean, compared to all other BSLE
tested. This result suggests that the biostimulant activity was enhanced when two extracts were blended, compared with the effect
of individual seaweed liquid extracts. The application of algal blends as formulations with biostimulant properties for seed
coating/soaking is a promising option for a sustainable agriculture which aims to reduce the use of mineral fertilizers and
pesticides. However, more research is necessary to elucidate the relationship between the biostimulant activity and the extract
chemical composition.
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Introduction

The use of macroalgal extracts as biostimulants is an alternative
technology to reduce the conventional use of chemical fertil-
izers in vegetable cultivation. Currently, the production of com-
mercial and experimental products derived from macroalgal

species is based on brown, red, and green algae and, in many
instances, uses conventional solvent extraction along with a
number of physical and chemical conditions, including high
pressure and neutral (Hernández-Herrera et al. 2014), alkaline
(Hernández-Herrera et al. 2016), or acid conditions
(Castellanos-Barriga et al. 2017), as well as alkaline hydrolysis
process without pressure (Briceño-Domínguez et al. 2014).
These extracts have shown biostimulant activity on the growth
and biochemical parameters of mung bean (Vigna radiata). In
Mexico, the only commercially available seaweed liquid ex-
tract (SLE) manufactured from a native seaweed (Macrocystis
pyrifera and Gelidium robustum) is NPKelp, produced by the
company Algas Pacific. It is manufactured from blending of
59% of fresh seaweeds M. pyrifera and G. robustum, and
41% of water and other ingredients for extraction and acid
stabilization, for use in agricultural industry (Hernández-
Herrera et al. 2018; http://algaspacific.com/npkelp/). The
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production process is unknown, as the companies keep this
information as industrial secret; however, it is known that the
process is carried out by alkaline extraction (Briceño-
Domínguez et al. 2014).

Seaweeds extracts are widely used in agriculture as plant
biostimulants. Du Jardin (2015) defined a biostimulant as any
substance that improves the efficiency of nutrition, tolerance to
abiotic stress and/or quality characteristics of crops, regardless
of their nutrient content. The advantages of using seaweed ex-
tracts as stimulants for plant growth include higher germination
rate, root system development, as well as increased leaf area,
number of leaves, tillers, weight of the plant, fruit quality, and
plant vigor (Hong et al. 2007; Rayorath et al. 2008; Khan et al.
2009; Sunarpi et al. 2010; Craigie 2011; Babu and Rengasami
2012; Vinoth et al. 2012a, b; Chbani et al. 2013; Mattner et al.
2013; Vinoth et al. 2014; Arioli et al. 2015; Bharath et al. 2018;
Layek et al. 2018; Prakash et al. 2018).

The chemical composition of seaweeds is a natural source
of biostimulant compounds, including carbohydrates, pro-
teins, phytohormones, and secondary metabolites, such as
polyphenols and terpenes, with improve plant growth activity
(Arioli et al. 2015; Du Jardin 2015). Furthermore, there are
cases where the use of SLE has shown the ability to complex
Zn(II) ions (Michalak et al. 2017). Also, oligosaccharides
(ulvans) and boron-containing complex were reported from
marine green algae and mannitol from brown algae, which
can form a complex with boron atoms, effectively chelating
an important plant nutrient (Dembitsky et al. 2002).

The mechanisms activated by seaweed extracts as
biostimulants in plants are difficult to establish owing to the
complex pool of bioactive molecules and their proportions (car-
bohydrates, proteins, minerals, etc.) present in the red and
brown algae. For this reason, seaweed extracts can have both
negative and positive effects due to the constituents and de-
pending on the concentration when directly applied to seed
and plants. In addition, studying the effects triggered by indi-
vidual components might produce incorrect results when com-
pared to those determined by the combination, and synergistic
action of all constituents in the mixture that may affect outcome
(Ertani et al. 2018). Furthermore, the effects of biostimulants
are not always consistent among the plant species. This is likely
because plants can exhibit different sensitivity thresholds to one
or more bioactive molecules (Colla et al. 2015).

At present, the effects of the interaction between two or
more extracts blended from individual SLE remain unknown
and may be able to achieve more consistent beneficial results
as the extracts may work synergistically.

In the Baja California Peninsula, there is a large biomass of
brown macroalgae which include M. pyrifera (35,813–
97,804 wet t; Hernández-Carmona et al. 1991), Sargassum
horridum (18,900 wet t; Hernández-Carmona et al. 1990),
and the stipitated kelp Ecklonia arborea (formerly Eisenia;
Rothman et al. 2015). Ecklonia arborea is considered the third

most important brown alga with a high biomass; however, no
assessment has scientifically been carried out. The three most
abundant red seaweeds in the Baja California Peninsula are
G. robustum (507–796 wet t; Casas-Valdez et al. 2005), which
is commercially harvested for agar production (Casas-Valdez
et al. 2005); Gracilariopsis sp. (1300 wet t; Vergara-Rodarte
et al. 2016), the name of which was changed to Gracilaria
parvispora (Krueger-Hadfield et al. 2016), and Acanthophora
spicifera, which is an abundant invasive seaweed, but not yet
been assessed in terms of total biomass (Avila et al. 2012;
Méndez-Trejo et al. 2014).

In addition, it is important to develop simple in vitro
methods for the preliminary screening of extracts to assess
the potential applications as biostimulants, including valida-
tion, using a model plant. Previously, the mung bean has been
identified as a suitable experimental model system for several
different experiments (Stirk and Van Staden 1997;
Castellanos-Barriga et al. 2017).

The aim of this research was to produce alkaline seaweed
liquid extracts (ASLE) from various seaweed raw materials to
assess their biostimulant properties on plant growth. Also, it
aimed to formulate a blended seaweed liquid extract (BSLE)
with two SLE from different species, to determine if the com-
bined extracts produce a synergistic effect at different concen-
trations to increase the plant growth rate.

Materials and methods

Seaweed collection and preparation of seaweed
extracts and blends

Selected mature seaweeds were harvested by artisanal methods
by boat, where two fishermen collected by diving and hand (at
low tide) wild populations in fishing areas along the coast of the
Baja California Peninsula from March to October 2015.
Macrocystis pyrifera was harvested from the canopy in Santo
Tomas (31° 49′ 98.56″ N–116° 62′ 65.03″W), complete plants
of G. robustum were collected in Isla San Martin (30° 29′
20.07″ N–116° 06′ 50.61″ W), E. arborea (fronds and stipes)
was collected in Bahia Magdalena (24° 35′ 00″N–112° 00′ 00″
W),G. parvispora (whole plants) was harvested in Laguna San
Ignacio (26° 54′ 00″ N–113° 13′ 00″ W), and whole plants of
S. horridum and A. spicifera were collected in Bahia de La Paz
(24° 08′ 32″ N–110° 18′ 39″ W). The fresh seaweed was
washed immediately after collecting with tap water to clean
off any epiphytic organisms as well as sand, and then, they were
sun-dried to 10% moisture content and were milled with a
manual mill to a 40-mesh size (0.38 mm2).

The SLE were prepared under alkaline conditions as de-
scribed byBriceño-Domínguez et al. (2014). The algae dry
powder (20 g) was rehydrated overnight in distilled water
(180 mL). They were then treated with 10% Na2CO3 solution
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(120 mL) to reach a pH of 10 and maintained at 80 °C in a
water bath with constant external stirring with propeller for
2 h. The liquid extract was further diluted to obtain a total of
250 mL. The extract was subsequently filtered through a filter
paper (Whatman No. 40) under vacuum to remove any resid-
ual algae fibers and was then termed ASLE.

The individual extracts which showed significant effects on
germination and plant growth were selected to produce BSLE.
Each BSLE was produced blending two ASLE in the same
proportion (50:50 v/v).

All ASLE and BSLE were conserved by reducing the pH
from 10 to 4–5 with powdered citric acid to stabilize and
promote the formation of chelates. In addition, the extract at
pH 4–5 can be applied directly to the plants without cussing
visible damage to the growth. Finally, the acidified extracts
were diluted to the experimental concentration for future ap-
plication to the seeds and seedlings.

Chemical analysis of the seaweed biomass

Chemical analysis of the selected seaweeds (dry powder) was
carried out following the methods of the Association of
Official Analytical Chemists (AOAC 2000). Moisture was
determined by the difference in weight after drying at 60 °C
to constant weight (method 930.36), proteins using the factor
5.38 from brown algae and 4.92 from red algae (method
954.04) (Lourenco et al. 2002), ether extract and crude fiber
by Soxhlet (method 954.02), and ash content by calcination at
550 °C (method 942.05). Carbohydrates were calculated as: %
carbohydrates = 100 − (% ash + % proteins + % ether ex-
tract +% crude fiber).

Chemical analysis of the alkaline seaweed liquid
extracts and blends

The physical-chemical composition of the ASLE and BSLE
was determined by the company Algas Pacific (algaspacific.
com), following the methodology used to perform the
quality control of its NPKelp extract, which included pH
measured using a pH meter and electro-conductivity (EC)
expressed as dS−1. Total solid (TS) corresponds to the residue
that remains after evaporating and drying at temperature of
105 °C ± 2 °C. Total soluble salts (by salinometer), density
(densimeter), organic matter (it was calculated by difference
of 100% ash percentage), ash content (%) (by calcination at
550 °C in muffle method 942.05), and nitrogen content by
micro-Kjeldahl method (method 976.05) were measured.
The minerals were analyzed by atomic absorption spectropho-
tometry for organic carbon, total sodium, total potassium, po-
tassium oxide, total calcium, chlorides, sulfates, bicarbonates,
iron, zinc, copper, boron, and phosphorus (by colorimetry)
following procedures from the Association of Official
Analytical Chemists (AOAC 1990).

Bioassays of germination and growth under in vitro
conditions

Certified seeds of mung bean (Vigna radiata; high mowing
organic seeds, USA) with 95% germination, uniform size,
color, and weight, were surface-sterilized using a soap solu-
tion for 5 min, followed by immersion in a 4% sodium hypo-
chlorite (NaClO) solution for 10 min and triple-rinsed in ster-
ilized distilled water for 1 min each, under aseptic conditions.

Germination of mung bean was carried out as previously de-
scribed (Castellanos-Barriga et al. 2017). The mung bean seeds
were primed for 15 min in 20 mL of ASLE or BSLE, including a
commercial biostimulant (NPKelp) (blending of two seaweeds) at
six concentrations (0.06, 0.12, 0.25, 0.5, 1.0, and 2.0%), and con-
trol (consisted of the same distilled water which was used to
produce the extracts). Thirty seeds were then removed from the
SLE, wrapped in wet filter paper, and incubated at 25 °C in a 16-h
light/8-h dark regime. All the experiments were done in triplicate.

Germination was observed daily over an 8-day period, ac-
cording to the methods detailed by the Association of Official
Seed Analysts (AOSA 2005). Germination percentage is GP =
number of germinated seeds/total number of seeds × 100. Seeds
were considered germinated when the radicle protruded more
than 2 mm. Results were graphically shown as dose response
to seed germination, drawing the percentage increases over the
control plants that did not receive any treatment (distilled water).

After 12 days, the effects of ASLE and BSLE on the shoot
length (frombasal node up to shoot apex), root length (frombasal
node up to root tip), and total plant length (from de root tip up to
the shoot apex) of the seedlings were measured using a Vernier
caliper. In addition, the mean dry weight was obtained with an
electronic balance after oven-drying to constant weight at 50 °C.

Statistical analyses

Comparisons of the means for multiple groups or treatments
were carried out by analysis of variance (ANOVA), and mul-
tiple comparisons were made by the least significant differ-
ence (LSD) range test (α = 0.05). ASLE and BSLE were an-
alyzed for their effect on the growth of the mung bean by a
two-way ANOVAwith the type of algal species and the con-
centration of the extract applied as factors. Statgraphics
Centurion XV for Windows was used for all analyses.

Results

Chemical analyses of the seaweed

Carbohydrates were the highest constituent (> 33%) in the sea-
weed followed by ash, proteins, fiber, and lipid. The highest
mean carbohydrate content was obtained in G. robustum and
E. arborea (59 and 50%, respectively) and average protein (13
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and 8%, respectively). The seaweeds M. pyrifera and
G. parvispora showed the highest average of ash (36 and
34%, respectively) as well as lipids (0.9 and 2.1%, respective-
ly). In contrast, A. spicifera and S. horridumwere found to have
the lowest lipid content (0.28 and 0.30%) and protein content
(8.2 and 7.5%), respectively (Table 1).

Chemical composition of ASLE and BSLE

All chemical parameters evaluated for ASLE showed similar
values, except for G. parvispora. The pH in all ASLE was acid
up to a pH of 5.6 for their stabilization and application. The
density was between 1.03 and 1.08 g mL−1, and the EC was
between 26.6 to 28.1 dS m−1. Similarly, the content of soluble
salts ranged from 17,010 to 17,909 ppm. Finally, the ash content
in the ASLEwas different between the extracts, ranging from 2.5
to 8.6%. The content of the macro and micro nutrients showed
wide ranges, specifically for zinc (0.15–2.19 ppm) and boron
(2.6–9.2 ppm) and to a lesser extent for the iron (2.3–3.5 ppm;
Table 2). Specifically, theASLE fromA. spicifera andE. arborea
showed a higher content of total solids, organic matter, organic
carbon, total nitrogen, total phosphorus, total potassium, and
zinc, comparing these ASLE with the other ASLE analyzed.
Moreover, of all the extracts analyzed, the ASLE from
G. robustum and S. horridum had the highest content of phos-
phorus and boron, and the ASLE from A. spicifera and
S. horridum had high levels of total calcium and chlorides.
Additionally, the extract from M. pyrifera had the highest con-
centrations of total nitrogen, total phosphorus, and iron. The
chemical composition ofASLE fromG. parvispora showed high
values in EC up to 43 dSm−1, total soluble salts 27,520 ppm, and
total solids 34.7%.Gracilaria parvispora had the highest content
of nitrates, ammonium, total potassium, and iron (Table 2).

The chemical parameters evaluated for BSLE showed sim-
ilar values. The pH of all blends was in acidic ranging from 5.0
to 5.6, density was 1.03–1.07 g mL−1, and the EC was between
26 and 28 dS m−1. The content of soluble salts was in the range
of 17,000–17,820 ppm, the content of total solid in a range of 2
to 21.5%, andminerals was different, ranging from 5.0 to 8.6%,
specifically zinc (0.2–2.0%) and boron (3–9%; Table 3).

The BSLE produced from the brown and red algae
E. arborea and G. parvispora (EAGP), M. pyrifera and
G. parvispora (MPGP), and M. pyrifera and G. robustum
(MPGR) showed a ranged of potassium (2.17–2.50%), potas-
sium oxide (2.60–2.68%), zinc (1.02–2.0 ppm), and boron
(7.03–9.02 ppm). Moreover, the combination of two extracts
of red algae G. robustum and G. parvispora (GRGP) showed
high content of total nitrogen, total phosphorus, phosphorus
pentoxide, and copper, compared with others BSLE. In addi-
tion, the chemical composition of BSLE from two extracts of
the brown algaeM. pyrifera and E. arborea (MPEA) showed
higher content of iron (3.30 ppm). The commercial extract
NPKelp had higher levels of nitrate (18%), ammonium
(0.05%), and chlorine (0.62%) content than the BSLE pro-
duced with the algal extracts (Table 3).

Effect of ASLE on the germination and growth
of mung bean seedlings

The germination of the mung bean seeds occurred in most of the
treatments after 4 days. The best effect on the percentage of
germination was observed in seeds treated with ASLE produced
from the brown algae group, comparedwith theASLE produced
from red algae. All concentrations of ASLE from E. arborea
exhibited an increase in germination (6%) over the control.
Similar, the 0.5 and 2.0% ASLE from M. pyrifera and
S. horridum showed significant positive effects on the germina-
tion percentage increase to (6%) over the control. In contrast,
0.5% ASLE from A. spicifera and G. robustum reduced the
germination, as well as 2.0%ASLE fromG. parvispora (Fig. 1).

Correspondingly, various ASLE produced a significant stim-
ulatory effect (p ≤ 0.05) on mung bean shoot length. The highest
average shoot length was found in plants that received treatment
with 0.25%ASLE from E. arborea and 0.12% fromM. pyrifera,
with an increase of 39 and 30%, respectively, compared to the
control (Fig. 2a). In addition, ASLE from M. pyrifera,
E. arborea, G. robustum, and G. parvispora promoted root
growth. The highest average root length was found in plants that
received treatment with 2% ASLE from M. pyrifera and
E. arborea, with an increase of 28 and 21%, respectively,

Table 1 Proximate chemical composition of seaweeds

Seaweed Moisture Protein Lipids Ash Fiber Carbohydrates

Acanthophora spicifera 10.09 ± 0.09 8.12 ± 0.07 0.30 ± 0.06 31.09 ± 1.12 5.02 ± 0.38 33.50 ± 1.53

Gracilaria parvispora 8.70 ± 0.25 8.46 ± 0.04 2.17 ± 0.02 34.86 ± 0.36 2.06 ± 0.69 43.75 ± 1.27

Gelidium robustum 8.05 ± 0.00 13.78 ± 0.42 0.51 ± 0.02 10.69 ± 0.96 7.05 ± 0.36 59.92 ± 1.73

Sargassum horridum 8.70 ± 0.17 7.53 ± 0.36 0.28 ± 0.04 34.75 ± 1.34 7.67 ± 0.17 42.25 ± 1.59

Macrocystis pyrifera 6.85 ± 0.31 7.53 ± 0.62 0.92 ± 0.02 36.67 ± 1.66 7.69 ± 0.40 43.70 ± 1.02

Ecklonia arborea 9.03 ± 0.03 8.12 ± 0.35 0.43 ± 0.03 17.21 ± 1.32 4.10 ± 0.10 50.52 ± 1.56

Based on % dry weight (g (100 g)−1 dry weight). Values are average ± standard error (n = 3)
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compared to the control (Fig. 2b). In contrast, 0.06% ASLE of
G. robustum and G. parvispora promoted root growth, but at a
lower rate than the brown seaweed extracts. However, ASLE
from the brown S. horridum and the red A. spicifera had an
inhibitory effect on the root length at all concentrations (Fig. 2b).

Moreover, the total length of the plants was increased in
almost all ASLE except for S. horridum. Seedlings that re-
ceived ASLE from E. arborea and M. pyrifera showed the
higher increase, with 27 and 21%, respectively, over the control
(distillated water). Similarly, 2% ASLE from G. robustum and
0.06%ASLE fromG. parvispora showed a significant increase
of 18 and 12%, respectively. In contrast, ASLE from
S. horridum and A. spicifera showed an inhibitory effect on
the total length of the mung bean plants (Fig. 2c).

The 2% ASLE from G. robustum showed a significant in-
crease of 43% compared to the control in the fresh weight of the
plant. In addition, 0.06% ASLE fromM. pyrifera, 0.25% ASLE
from E. arborea, and 0.06% ASLE from G. parvispora of the
original experimental extract showed a significant effect on plant
fresh weight (35, 34, and 31%, respectively; Fig. 3a). The 0.06%
ASLE solution of theG. parvispora experimental extract showed

the highest increase in the dry weight of the mung bean plants
with an increase of 26% as compared to the control for the red
algal SLE. In addition, 0.12% ASLE fromM. pyrifera and 0.5%
ASLE from S. horridum showed significant increases of 18 and
13% compared to the control, respectively (Fig. 3b). In contrast,
the ASLE from S. horridum and A. spicifera at most of the
concentrations applied showed no significant increases in the
fresh and dry weight of treated mung bean plants (Fig. 3a, b).

Effect of BSLE on the germination and growth
of mung bean seedlings

The 0.5% blends from M. pyrifera and G. robustum (MPGR)
administered of the original extract showed a highest increase in
germination (9%) over the control. Similarly, the both concentra-
tions 0.25 and 2.0% blended from E. arborea and G. robustum
(EAGR) andM. pyrifera andG. robustum (MPGR) were up to 6
and 7%, respectively. Finally, commercially available NPKelp
exhibit negative effect on germination when compared to the
experimental BSLEs of the extracts and control (Fig. 4).

Table 2 Chemical composition
of seaweed extracts MP SH EA AS GR GP

pH 1:10 5.15 5.62 5.50 5.10 5.32 4.40

Electric conductivity (1:10) (dS m−1) 28.10 26.60 27.10 27.30 27.60 43.00

Total soluble salts (ppm) 17,984 17,011 17,340 17,459 17,664 27,520

Total solids (%) 7.2 6.8 20.17 20.2 7.2 34.7

Organic matter 2.05 2.05 2.11 2.12 2.05 1.96

Density (g mL−1) 1.03 1.04 1.07 1.07 1.03 1.08

Ash (%) 6.72 4.94 8.65 8.65 6.72 2.50

Macronutrients (%)

Organic carbon 1.19 1.19 1.22 1.23 1.19 1.14

Total nitrogen 1.05 0.84 0.95 1.01 0.98 0.77

Relationship C/N 0.88 0.71 1.30 1.22 0.82 1.48

Nitrates (NO3) nd nd nd nd nd 17.5

Ammonium (NH4) nd nd nd nd nd 0.75

Total phosphorus 0.12 0.12 0.12 0.13 0.15 0.07

Phosphorus (P2O5) 2.75 2.79 2.75 2.87 3.36 1.64

Total potassium 1.60 1.55 2.20 2.40 1.80 2.10

Potassium (K2O) 1.92 1.86 2.64 2.88 2.16 2.52

Total calcium 0.04 0.05 0.04 0.07 0.05 0.06

Total sodium 0.08 0.08 0.08 0.06 0.08 0.08

Chlorides 0.06 0.07 0.062 0.07 0.06 0.01

Sulfates (S-SO4) 0.0001 0.0001 0.0000 0.0003 0.0001 0.0003

Bicarbonates (HCO3) 0.06 0.06 0.05 0.05 0.06 0.06

Micronutrients (ppm)

Iron (Fe) 3.22 2.33 2.78 2.78 3.00 3.54

Zinc (Zn) 0.38 0.24 2.00 2.19 0.15 0.24

Boron (B) 7.34 8.6 9.20 4.90 6.12 2.57

MP M. pyrifera, SH S. horridum, EA E. arborea, AS A. spicifera, GR G. robustum, GP G. parvispora, nd not
determined
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Table 3 Chemical composition
from blend of seaweed extracts GRGP EAGP MPGP MPGR EAGR MPEA NPKelp

pH 1:10 5.31 5.60 5.00 5.10 5.61 5.20 4.85

Electric conductivity (1:10)
(dS m−1)

27.1 26.0 27.3 27.3 26.7 28.0 47.00

Total soluble salts (ppm) 17,790 16,640 17,498 17,459 17,000 17,821 30,080

Total solids (%) 2.3 21.56 7 18 8.89 7 18.1

Organic matter (%) 2.05 2.10 2.05 2.10 2.06 2.05 1.91

Density (g mL−1) 1.03 1.06 1.03 1.07 1.05 1.03 1.08

Ash (%) 6.75 8.70 6.82 8.60 5.00 6.80 2.04

Macronutrients (%)

Organic carbon 1.22 1.31 1.21 1.22 1.22 1.20 1.11

Total nitrogen 1.02 1.00 0.95 1.00 0.90 1.00 0.77

Relationship C/N 0.86 1.39 0.79 1.22 0.76 0.84 1.44

Nitrates (NO3) nd nd nd nd nd nd 18.00

Ammonium (NH4) nd nd nd nd nd nd 0.85

Total phosphorus 0.15 0.14 0.10 0.12 0.13 0.13 0.05

Phosphorus (P2O5) 3.52 2.75 2.33 2.67 3.00 2.98 1.13

Total potassium 1.80 2.22 2.17 2.50 1.76 1.60 1.95

Potassium (K2O) 2.16 2.60 2.64 2.68 1.70 1.92 2.34

Total calcium 0.05 0.06 0.07 0.07 0.05 0.04 0.07

Total sodium 0.08 0.10 0.08 0.06 0.08 0.07 0.08

Chlorides 0.06 0.07 0.04 0.07 0.07 0.06 0.62

Sulfates (S-SO4) 0.0001 0.0002 0.0001 0.0003 0.0001 0.0001 0.0003

Bicarbonates (HCO3) 0.06 0.05 0.06 0.05 0.06 0.06 0.06

Micronutrients (ppm)

Iron (Fe) 3.00 2.83 2.93 2.77 2.33 3.30 3.18

Zinc (Zn) 0.22 2.00 1.02 2.00 0.27 0.40 1.94

Copper (Cu) 0.55 0.33 0.39 0.50 0.41 0.38 nd

Boron (B) 6.54 9.02 7.03 8.41 8.66 7.00 3.06

GRGP (G. robustum and G. parvispora), EAGP (E. arborea and G. parvispora), MPGP (M. pyrifera and
G. parvispora), MPGR (M. pyrifera and G. robustum), EAGR (E. arborea and G. robustum), MPEA
(M. pyrifera and E. arborea), and NPKelp = (commercial product)

nd not determined

Fig. 1 Dose response curve of
germination percentage (GP) to
the alkaline extracts of
Macrocystis pyrifera (MP),
Sargassum horridum (SH),
Ecklonia arborea (EA),
Acanthophora spicifera (AS),
Gelidium robustum (GR), and
Gracilaria parvispora (GP) at
different concentrations (0.06,
0.12, 0.25, 0.5, 1.0, and 2.0%).
Values represent the mean of n =
30 seedlings; bars represent
standard errors. The mark (——)
indicates baseline of the figure
which corresponds to the control
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A differential response to the blends was observed in the
growth of the mung bean plants. The longest, average shoot
length increase was found in plants that received the blend
EAGPwith an increase of up to 21% as compared to the control,
and there was a 1-fold difference in comparison to the commer-
cial NPKelp at 0.25% (Fig. 5a). In addition, the 1% BSLE from
EAGP had a significantly higher effect (p ≤ 0.05) on the root
length of the mung bean seedlings, showing an increase of
36% as compared to the control. The 1% BSLE from MPEA
increased the root length up to 20% (Fig. 5b). Also, an increase of
total length of 25 and 13% was observed in plants treated with
the 0.25% blend from EAGP and 0.12% BSLE from MPEA,
compared to the control, respectively (Fig. 5c).

The fresh weight of mung bean was increased in three of
the six blends, including GRGP, EAGP, and MPEA. The
fresh weight was increased mostly in those plants treated
with the blend EAGP at 0.25%. That increase was 32%
higher than the control, but also 30.6% higher than the
NPKelp. The 0.5% BSLE from GRGP showed an increase
of 29% over the control and a 5-fold difference between
the highest GRGP concentrations. Also, the application of
the 0.12% from the blend MPEA enhanced the fresh
weight of mung bean seedlings by 31% as compared to
the control, and the difference was 2-fold higher, compare
to the NPKelp (Fig. 6a). The maximum increase in plant
dry weight was obtained with the application of the 0.5%



blend from EAGP, with an increase in PDW of 45%, over
the controls (Fig. 6b). Finally, the single blends of MPGP,

MPGR, and EAGR exhibited a negative effect on all the
growth parameters evaluated (Figs. 5 and 6).

a

b

Fig. 3 Effect of the alkaline
extracts of Macrocystis pyrifera
(MP), Sargassum horridum (SH),
Ecklonia arborea (EA),
Acanthophora spicifera (AS),
Gelidium robustum (GR), and
Gracilaria parvispora (GP) at
different concentrations (0.06,
0.12, 0.25, 0.5, 1.0, and 2.0%) on
a fresh weight and b dry weight of
the mung bean plant. Columns
denoted by asterisk are
significantly different to control.
Values represent the mean of n =
30 seedlings; bars represent
standard errors. The mark (——)
indicates baseline of the figure
which corresponds to the control

Fig. 4 Dose response curve of germination percentage (GP) to the
blends GRGP (G. robustum and G. parvispora), EAGP (E. arborea
and G. parvispora), MPGP (M. pyrifera and G. parvispora), MPGR
(M. pyrifera and Gelidium robustum), EAGR (E. arborea and
G. robustum), MPEA (M. pyrifera and E. arborea), and NPKelp =

commercial product at different concentrations (0.06, 0.12, 0.25, 0.5,
1.0, and 2.0%). Values represent the mean of n = 30 seedlings; bars
represent standard errors. The mark (——) indicates baseline of the
figure which corresponds to the control
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Discussion

Seaweed liquid extracts have been used since 1950 as pro-
moters of plant growth (Craigie 2011), because they contrib-
ute with essential nutrients such as minerals, amino acids,
oligosaccharides, and phytohormones to the crops (Nabti
et al. 2017). McHugh (2002) defines fertilizers as Bany natural
or mineral matter with at least 5% of one or more of the three
primary nutrients: N, P, K.^ The seaweed liquid extracts re-
ported in this study have a content lower than 5% of these
three primary nutrients, and the activity on the growth of
mung beans is caused by the extracts diluted at low concen-
trations (< 2%). This suggests that the seaweed liquid extracts
used in this research is acting as biostimulants of plant growth.

Although biostimulant activity has been reported with
the use of neutral, acid, and alkaline seaweed liquid ex-
tracts, the alkaline extraction is the most used method to
produce commercial extracts (Briceño-Domínguez et al.
2014). The liquid extraction with a temperature higher
and equal to 80 °C and the liquid extraction at high pH
release the algae components available and improve ex-
traction efficiency (Godlewska et al. 2016); for this reason,
alkaline liquid extraction at 80 °C was used to obtain the
extracts tested in this research.

The purpose of the hydrolysis process by means of alkaline
liquid extraction is to break the cell walls and make available
the algal tissue components. However, the extraction process
used did not extract all the chemical compounds from the

Fig. 5 Effects of the different
blends at 0.06, 0.12, 0.25, 0.5,
1.0, and 2.0% concentrations on a
shoot length, b root length, and c
total length of the mung bean
plant. Treatments include GRGP
(G. robustum and G. parvispora),
EAGP (E. arborea and
G. parvispora), MPGP
(M. pyrifera and G. parvispora),
MPGR (M. pyrifera andGelidium
robustum), EAGR (E. arborea
and G. robustum), MPEA
(M. pyrifera and E. arborea), and
NPKelp = commercial product.
Columns denoted by
asterisk are significantly different
to control. Values represent the
mean of n = 30 seedlings; bars
represent standard errors. The
mark (——) indicates baseline of
the figure which corresponds to
the control
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algae, being that, residual algal tissue was still observed in the
filtration process of the seaweed extracts.

If we compare the percentage of ash (this being the represen-
tation of the content of macro and micronutrients present in the
algae) with the content of macro and micronutrients of the ex-
tracts obtained, it was observed that the percentage of minerals in
the extracts ismuch smaller than that presented in the algal tissue.

Algal products are rarely studied in terms of their chemical
constituents. The results in this research showed that the selected
extracts and the blends tested can be a source of micro- and
macro-elements which are beneficial for plant cultivation, espe-
cially the extracts from the brown seaweed M. pyrifera and
E. arborea, as well as the blend of MPEA, that were the most
effective treatments. However, not all extracts showed the same
type of effect; in some cases, like S. horridum and A. spicifera,
the effect was to delay germination. The presence of various
bioactive compounds in seaweed extracts and blends that can
stimulate and/or inhibit seed germination may help explain this
difference. For example, the increased germination percentage at
low concentrations may be due to the presence of growth-
promoting substances such as phytohormones and
micronutrients. Additionally, it is known that higher

concentrations of the Ulva lactuca liquid extracts can inhibit
the germination of mung bean (Castellanos-Barriga et al. 2017)
and the SLE of Sargassum liebmannii in tomato seeds
(Hernández-Herrera et al. 2014). Some seaweed liquid extracts
such as the Gracilaria edulis, Sargassum wightii, Caulerpa
scalpelliformis, Gracilaria corticata, U. lactuca, and Padina
gymnospora extracts can stimulate the seed germination
(Vinoth et al. 2012a, 2014; Hernández-Herrera et al. 2014).
Previous studies of the biostimulant activity of other Mexican
seaweed extracts on the germination percentage in mung bean
plants (Vigna radiata) did not obtain an increase of 9% in
germination even at low concentrations (0.5%) (Hernández-
Herrera et al. 2014; Castellanos-Barriga et al. 2017).

Almost all ASLE applied increased mung bean growth.
However, not all the BSLE tested showed synergistic effect
in the biostimulant activity, with the blends from M. pyrifera
and G. robustum (MPGR), M. pyrifera and G. parvispora
(MPGP), and E. arborea and G. robustum (EAGR), showing
less activity than the control.

In this research it was found that when the blend was elab-
orated with extracts of two red algae, such asG. robustum and
G. parvispora (GRGP), or the blend made with two SLE of

a

b

Fig. 6 Effects of the different
blends at 0.06, 0.12, 0.25, 0.5,
1.0, and 2.0% concentrations on a
fresh weight and b dry weight of
the mung bean plant. Treatments
include GRGP (G. robustum and
G. parvispora), EAGP
(E. arborea and G. parvispora),
MPGP (M. pyrifera and
G. parvispora), MPGR
(M. pyrifera and Gelidium
robustum), EAGR (E. arborea
and G. robustum), MPEA
(M. pyrifera and E. arborea), and
NPKelp = commercial product.
Columns denoted by
asterisk are significantly different
to control. Values represent the
mean of n = 30 seedlings; bars
represent standard errors. The
mark (——) indicates baseline of
the figure which corresponds to
the control
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brown algae, such asM. pyrifera and E. arborea (MPEA), the
plant growth activity increased, as compared to the effect of
the individual extracts.

Furthermore, it was found that the blend produced with the
brown SLE fromE. arborea and the red SLE fromG. parvispora
produced a synergic growth biostimulant activity on mung bean.
The treatment EAGP showed the most effective effect as
biostimulant from mung bean growth parameters in comparison
with commercial product NPKelp (produced with M. pyrifera
and G. robustum). Similar results were observed by Mattner
et al. (2018) using alkaline seaweed extract, produced from two
brown seaweeds, Durvillaea potatorum and Ascophyllum
nodosum. This alkaline liquid seaweed extract was evaluated
on strawberry cultivation, obtaining an increase in the root
growth length of 38% and marketable fruit yields by 8%. In
contrast, most of treatments including a red SLE when blended
with a brown SLE as MPGP, MPGR, and EAGR, the plant
growth activity decreased.

Although, the commercial product NPKelp is produced
with a mixture of brown seaweed M. pyrifera and red
G. robustum it can have a biostimulant effect on plant growth
(Hernández-Herrera et al. 2018); in the present study, the ex-
perimental blend MPGR produced with the same seaweed
(M. pyrifera andG. robustum) had a lower biostimulant activ-
ity than the NPKelp and the control distilled water. This is
likely because the extraction method from the source material
is critical to maintain the activity of the mixed components.
However, different extraction procedures from the same ma-
trix may produce more biostimulants with distinct properties
and effectiveness (Michalak et al. 2015; Godlewska et al.
2016). Furthermore, the ratio of biomass of red and brown
algae used to produce the commercial products and the exper-
imental product was different. In addition, plants can exhibit
different sensitivity thresholds to one or more bioactive mol-
ecules (Colla et al. 2015).

The combination of seaweed in the biostimulant produc-
tion process is not new. However, there are few reports that
show the use of these in the production of biostimulants. The
biostimulant products Liquid kelp, produced by Sea Gold,
Gofar (Gofar Agro Specialities Co Ltd), Algovert (Setalg),
Ocean (VNET), and Rygex (Agripes srl) use the brown sea-
weed Ascophyllum nodosum combined with other seaweeds
such as Posidonia australis, Laminaria sp., Sargassum sp.,
Laminaria digitata, Fucus spp., and Laminaria sp., among
others as rawmaterial to produce blended algae biostimulants.
Other seaweed biostimulant products, Fartum, Algreen,
Seaweed, Crop-plus, and Sea Magic, only report that
biostimulants are produced using several species of algae as
biomass (Sharma et al. 2014).

There are few reports of plant growth and even more the
evaluation of the increase of crop production with the use of
blended algae liquid biostimulants. In consequence, it is neces-
sary to continue studying the synergy of biostimulant activity.

Conclusion

ASLE from M. pyrifera, E. arborea, and G. parvispora showed
the best biostimulant activity in the mung bean germination and
growth assay. The blending of these extracts produced a syner-
gistic effect increasing the biostimulant activity to higher levels
than when tested individually. The extract with the highest
biostimulant effect was the blend of the individual extracts of
E. arborea and G. parvispora (EAGP), which were then com-
bined at a ratio of 50:50 and then applied at a concentration of
0.25 and 0.5%. The results obtained in this study suggested that
blending these extracts caused an increase in the biostimulant
activity in mung bean, as tested here, but also highlighted the
importance of the chemical composition of the starting seaweed
raw materials used for extraction. Considering the SLE composi-
tion described in this research, we suggest a new formulation with
improved organic biostimulants from algal origin. Considering
the multi-functional properties of seaweed extracts obtained, this
encourages the recommendation for the sustainable and environ-
mentally responsible harvest of the seaweed beds to obtain the
biological active compounds. Finally, the application of blend
seaweed liquid extracts as formulations with biostimulant proper-
ties for seed coating/soaking is a promising option for sustainable
agriculture, aiming to reduce the use of mineral fertilizers and
pesticides. However, it is necessary to carry out more research
to elucidate the relationship of biostimulant activity of combined
algal extracts and their chemical composition.
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