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Abstract

Background and Objective: Over the past decades, the use of seaweeds as biostimulants in agriculture has been increasing steadily.
These have been proven to be a safe and economical method for improving plant growth and crop quality. Hence, this research was
initiated to explore the influence of four Moroccan seaweed aqueous extracts prepared from Corallina elongata, Corallina officinalis,
Jania rubens and Ulva fasciata on germination and growth of maize (Zea mays L.). Materials and Methods: Seaweed aqueous extracts
at 10%, commercial biostimulant product (SM6°) and distilled water as control were applied either as seed treatment for ten days of
invitroculture or asfoliar spray under greenhouse conditions, to evaluate their effects on seed germination, plant growth and chlorophyll
content. Results: The results obtained indicated significant stimulatory response on germination speed, seedling length and weight, as
well as a greater number of lateral radicles. The highest effectiveness was observed for seeds exposed to J. rubens extract with more than
50%, as compared to the control. In pot experiments, foliar application enhanced the growth of maize, resulting in improved growth
parameters and total chlorophyll content, chiefly /. rubens and C. elongata. Shoot and root length, leaf area, fresh and dry weights of
corn plants were markedly increased (from 10-53%). Conclusion: The present investigation revealed that the four Moroccan seaweeds,
especially J/ rubens, significantly improved seed germination, seedling vigor and plant growth of maize. Therefore, these macroalgae
could be used as a suitable promising biostimulant or biofertilizer in corn cropping systems and should contribute to more sustainable
agricultural practices.
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INTRODUCTION

In most countries of the world, increasing population
pressure has led to agricultural intensification practices and
expansion of cultivated lands, which tended to reduce the
fallow time. This not only caused soil erosion and the loss of
soil quality but also results in rapid nutrients depletion,
including the global nitrogen and phosphorus soil balance
alteration’. In order to boost sustainable productivity and
maintain optimum soil fertility, the producers use diverse
synthetic fertilizers, to overcome the effects of nutrient
deficiency. However, the massive introduction of this
conventionalfertilization in intensive agriculture had markedly
endangered biodiversity and human health, causing pollution
of various environmental components, such as soils,
groundwater, air and vegetation. To prevent this problem,
sustainable improvement of soil characteristics is required by
renovating fertilization practices and developing innovative
new methods to increase agricultural yields, minimize
inputs with a focus on promoting environmentally friendly
agriculture?. This has prompted researchers to explore
alternatives by replacing inorganic fertilizers with biofertilizers,
which derived from natural products such as fermentation
concentrates, seaweed extracts and composts. These have
proven to have remarkable effects, not only on plant nutrient
and growth but also on abiotic stress tolerance and crop
quality’. Seaweeds and their products have recently attracted
increasing attention due to their various bioactivities that
include biostimulant, fertilizer and antimicrobial properties.
Several studies have demonstrated the benefits of the algal
extract on seed germination, plant growth as well as stress
tolerance®. Marine macroalgae biomass is already used for a
wide range of other products in food, nutrient supplements,
including application in agriculture and horticulture as plant
growth stimulators or as soil conditioners®. They may be
applied as a foliar spray, application to soil or for pre-sowing
seed treatment. Thus, they were intended to enhance seed
germination, plant nutrient uptake, bioticand abiotic stresses,
photosynthetic activity and plant productivity>. Seaweeds
and their products contain many plant growth regulators
such as cytokinins’, auxins, gibberellins®, betaines'?,
macronutrients like K, N, Mg, P and Ca and micronutrients
such as Cu, Mn, Zn and Fe'".

In Morocco, seaweeds are abundant and constitute a
reservoir of species with a high economic value. However, only
a few species are commercially exploited, except Gelidium
sesquijpedale, which is overharvested alongside the coastal
Atlantic and used for the agar-agar industrial production'.
Investment in this area requires the inventory of Moroccan

algal resources on both the Atlanticand Mediterranean coasts,
as well as an exploration of new approaches to manage and
valorize these marine natural resources, which represent a
mine of useful products. Therefore, the present study was
anattempttoinvestigate the effect of four marine macroalgae
extracts, collected from the Moroccan Atlantic coastline,
northern Agadir city, on improving seed germination,
chlorophyll content and growth of maize plants under
laboratory and in pot studies.

MATERIALS AND METHODS

Collection and preparation of seaweeds: In this work, four
species of marine macroalgae: three red algae (Corallina
officinalis, Jania rubens and Corallina elongata) and a green
alga (Ulva fasciata) were studied. Seaweeds were collected by
hand picking at low tide in February 2019 from the Moroccan
Atlantic coast at Tamri National Park area, northern Agadir
coastline. Immediately after they arrived at the laboratory, the
algae were cleaned, washed with distilled water to eliminate
salt, epiphytes, sand particles and then dried in the shade at
room temperature. The dried algae were crushed and finely
grounded to powder and then stored at 4°C in an airtight
container until analysis.

Preparation of seaweed aqueous extracts: The aqueous
extract was prepared by the maceration process according to
Souhaili et a/® with several modifications. Ten grams of
powdered seaweed was soaked in 100 mL of sterile distilled
water for 48 hrs then centrifuged at 4000 rpm for 10 min. After
centrifugation, the supernatant was collected and filtered
through Whatman filter paper (pore size 11 um). The filtrate
thus obtained was diluted at 10% and stored in screw cap
glass bottle at 4°C for further studies. In this preliminary
experiment, this concentration level indicated that it was the
optimal concentration that led to the best enhancement
effect and for this reason, it was adopted to investigate the
biostimulant potential of the studied seaweed:s.

Mineral analysis of the seaweeds: Mineral analysis of the
selected seaweeds was carried out following the methods
of Rupérez'. Minerals were obtained by ashing the dried
samples by calcination in a muffle furnace set at 550°C for
6 hrs. The ash was dissolved in hydrochloric acid and nitrogen
content was determined by the Kjeldahl technique. The
mineral elements were determined by atomic absorption
spectrophotometry and the concentrations of potassium (K),
sodium (Na), calcium (Ca), magnesium (Mg), manganese (Mn),
copper (Cu),zinc (Zn) andiron (Fe) were calculated. Otherwise,
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the phosphorus (P) content was determined using the
colorimetric method. All measurements were carried out in
triplicates.

Germination and early seedling emergence under in vitro
conditions: Certified seeds of maize (Zea mays L.) (Cecilia
variety) with uniform dimension, weight and color, were
selected for surface-sterilized using 0.5% sodium hypochlorite
solution (NaOCI) for 10 min, then rinsed with sterile distilled
water several times and briefly blotted on filter paper. Fifteen
seeds were placed in plastic Petri dishes (90 mm diameter) on
filter paper wetted with distilled water for control, with a
commercial biostimulant product (SM6®) at the dose
suggested by the producer 2% and with seaweed liquid
extract at 10% for seed treatment. Petri dishes were placed in
a precision incubator and incubated in the dark at 25+0.5°C.
All experiments were done in triplicate and seed germination
was regularly monitored, for 10 days and considered as
germinated when radicle was longer than three millimeters.
Parameters such as final germination percentage (FGP)
and germination energy (GE) were measured according
to Herndndez-Herrera et al'?, where:

Germinated seeds number

Total germinated seeds per treatment within 3 days

After 10 days, the number of lateral radicles and radicle
and plumule length of the seedlings were measured using a
digital caliper. In addition, the average total fresh weight per
seedling was determined after removing the substrate on the
root surface.

Foliar spray application: The experiment was performed
during the spring-summer season of 2019 under greenhouse
conditions in Agadir City. Seedlings selected for the present
study were sprayed after 20 days from transplanting with the
same solutions described previously for germination tests.
Each plant received two foliar sprays every week throughout
the experiment of 90 days. Furthermore, during foliar
application procedures, the surface was covered to avoid
liquid flow sprayed from contacting the potting soil. For
enabling greater foliar infiltration, the sprays were applied in
the morning when leaf stomata were open due to water
pressure?. All pots were hand-watered regularly but after leaf
spraying, they were not watered for 24 h. The foliar spray
application was tested in ten treatments with three replicates
per treatment.

Growth parameters: Plants were uprooted carefully from
each treatment at the end of the experiment and various
growth parameters were measured including shoot and
root length, third leaf from the apex, stem diameter and
leaf number. At the same time, the fresh and dry weight
(drying at 60°C for 48 h) of the tested plants were also
determined.

Photosynthetic pigments: The content of photosynthetic
pigments was carried out using essentially Lichtenthaler
method'¢, One hundred milligrams of fresh maize leaves were
homogenized with 10 mL of 80% acetone using mortar and
pestle. After the homogenate was first filtered through
four layers of gauze, the filtrate was then centrifuged at
5000 rpm for 15 min. The supernatant absorbance was read
spectrophotometrically at 663 nm for chlorophyll a and
645 nm for chlorophyll b. The total amount of chlorophyll was
evaluated and expressed in mg g~! fresh leaves as described
by Lichtenthaler™.

Statistical analyses: Each treatment of the experiment
consisted of three replicates in a completely randomized
design. Before performing statistical analysis, all data
determined as percentages were arcsine square-root
transformed before normalizing variances. Data were
analyzed by one-way analysis of variance (ANOVA) and
Newman Keuls multiple post hoc test was carried out when
the F value was significant (p<0.05). All experimental data
were statistically processed by Xlstat software for windows
version 2016,

RESULTS

Chemical composition: Chemical analysis results of the
four seaweed extracts showed that the most essential
minerals such as phosphorus (P), potassium (K), calcium (Ca),
magnesium (Mg), zinc (Zn) and iron (Fe) were found in
significant amounts (Table 1). Among these metals, calcium
was the most abundant element in Corallina elongata,
Corallina officinalis and Jania rubens (18.77, 16.37 and
12.79 g/100 g DM respectively). The seaweed J. rubens
showed the highest potassium content (2.27 g/100 g DM) as
well as magnesium (1.89 g/100 g DM). However, the extract
from Ulva fasciata showed higher content of total nitrogen
(2.17 g/100 g DM), copper (89.41 mg kg~' DM) and iron
(15799 mg kg=' DM), compared to the red seaweeds
considered in this work. Sodium, zinc and manganese were
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Table 1: Major minerals (g/100 g dry weight) and trace elements (mg kg~' dry weight) content in the four selected seaweeds

Minerals Jania rubens Corallina elongata Corallina officinalis Ulva fasciata
K(9/100 g) 2.271+0.50° 0.83+0.01¢ 1.03£0.17° 0.3140.04¢
Ca(g/100g) 12.79£0.85¢ 18.77£1.19° 16.37£0.17° 23540174
Mg (9/100 g) 1.89£0.04 1.72£0.07° 1.68£0.14° 1.72£0.14°
P (9/100 g) 0.2610.00¢ 0.34+0.01¢ 0.431+0.03° 0.541+0.02°
N (g/100 g) 1.33£0.00° 0.951+0.02¢ 1.23£0.02° 2.171+0.02°
Na (g/100 g) 0.4210.08° 0.32+0.01° 0.31+0.02° 0.481+0.02°
Fe (mgkg™) 6.15+0.03° 3.10%0.00¢ 3.17%£0.23¢ 157.991+0.85°
Mn (mg kg™") 12.01£0.56¢ 14.57£0.00° 16.71£0.49° 16.04£0.02°
Zn (mg kg™ 3.831+0.46° 3.87+0.49° 3.49+0.51° 3.14%+0.01¢
Cu(mg kg™) 13.10£0.24¢ 12.30£0.00¢ 15.11£0.68° 89.41+0.18°

The values represent the average (n=3) % standard error. For each parameter, means having the same ending letter do not differ significantly at 5% by Newman-Keuls

test

Table 2: Physicochemical characterization of aqueous seaweed extracts and commercial biostimulant product (CBP)

Parameters Control CBP Jania rubens Corallina elongata Corallina officinalis Ulva fasciata
EC(mScm™) 0.00%0.00¢ 2.08+0.12° 1.42%0.21¢ 1.99£0.13° 2.71£0.02° 2.56£0.16°
pH 7.05%0.04° 6.231+0.03¢ 7.61£0.05° 7.83£0.11° 7.85£0.10° 6.42£0.18¢

Thevalues represent the average (n=3) standard error, EC: Electrical conductivity, For each parameter, means having the same ending letter do not differ significantly

at 5% by Newman-Keuls test

also detected in all seaweed extract samples with different
concentrations. The highest manganese amount was found
in Ulva fasciata and Corallina officinalis (16 mg kg=' DM).

The pH of all seaweed extracts was neutral,
approximately seven except for Ulva fasciata and the
commercial biostimulant product where they were slightly
acidic, around 6 (Table 2). The electrical conductivity (EC)
valuesrevealed significant differences among the extractsand
ranged from 1.42-2.56 mS cm~". The highest value was from
U. fasciata, whereas the lowest value recorded in J. rubens
extract.

Effect of seaweed extracts on seed germination: The results
of this study revealed that corn seed emergence occurred in
all treatments after 2 days. Kinetics during germination of
Zea mays seeds treated with different extracts of algae
showed a net variation, especially at the 3rd day after sowing
(Fig. 1).

At this stage, the Jania rubens extract triggered faster
seed germination by 38.46% over the control, since after only
3 days it reached 86%, followed respectively by the three
aqueous extracts of Corallina elongata, Corallina officinalis
and Ulva fasciata which had attained 76%. In contrast, after
the 6th day, most seeds exposed to the different seaweed
extracts had achieved full germination percentage. This
value was ranged between 90 and 96% and there were
no statistically significant differences in final germination
between treatments. A similar trend was also confirmed by the
results of the germination energy percent of corn seeds
treated with the various aqueous seaweed extracts (Fig. 2).
For this parameter, the greatest seed germination speed
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Fig. 1: Daily germination percentage of maize seeds treated
with the different aqueous seaweed extracts and

Commercial Biostimulant Product (CBP)
At each day, values within an ellipse do not differ significantly at 5% by
Newman-Keuls test

was obtained with Jania rubens extract (86.66%) but the
commercial liquid fertilizer showed a lesser percentage
(53.33%), which indicated that seeds emerged much more
slowly compared to other seaweed extracts.

Effect of seaweed extracts on early corn seedling growth:
The different seaweed extracts also had a significant positive
effect (p<0.05) on corn seedlings growth. In comparison with
control, all aqueous extracts, except for the commercial liquid
fertilizer, showed a great stimulatory effect on plumule and
radicle length (Fig. 3a), seedling fresh weight (Fig. 3b) and
lateral root development (Fig. 3c) after only ten days of
sowing. The highest average seedling length was foundin
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seeds treated with Jania rubens and Corallina officinalis
(30.42 and 25.13 cm respectively), with an increase of 61 and
43% respectively, compared with the control (Fig. 3a).In the
same way, the results of fresh weight per seedling indicated
considerable improvement and Jania rubens extract
induced the highest total fresh weight (0.96 g), which was
approximately 50% higher than the control (distilled water)
(Fig. 3b). The initiation of a large number of lateral radicles,
observed in germinated seeds, showed similar results across
the different treatments. Corallina elongata and Ulva fasciata
revealed on the average lower proportion (22%) when
compared to the control (Fig. 3c). Thereby, application of
Jania rubens extract showed by far the highest proportion of
increase (50%) (Fig. 3d), followed by Corallina officinalis(40%),
In contrast, commercial liquid extract, at the recommended
concentration, manifested remarkable inhibitory effect,
generating seedlings with reduced weight and length
growth (45%) associated with low emerged lateral root
number (71% lesser than the control) (Fig. 3d).

Foliarspray: In the greenhouse experiment, foliar application
of seaweed aqueous extracts significantly enhanced (p<0.05)
the growth of Zea mays plants compared to commercial
liquid fertilizer and control. At the end of the growing period,
treatments applied as foliar spray of Corallina elongata and
Jania rubens displayed the highest increase in plant shoot
(66 cm in average), with a relative increase of 21% (Table 3).
Compared to shoot length, the root length had shown the
same percentage of increase. Additionally, the variation in
fresh and dry weights revealed similar trends. The favourable
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Table 3: Effect of applying different seaweed aqueous extracts and commercial biostimulant product (CBP) as leaf spray on growth parameters of maize

Growth parameters Control CBP Corallina officinalis Jania rubens Corallina elongata Ulva fasciata
Shoot length (cm) 52.22+0.48¢ 53.50£3.21¢ 58.78+1.98° 65.721+0.67° 66.391+1.35° 62.221+0.34°
Root length (cm) 11.671+0.16¢ 13.72+0.91° 13.221+0.25° 15.06+0.34° 14.11£067° 13.89£0.38°
Leaf area (mm?) 55.87£0.72¢ 55.05+1.89¢ 61.15£6.03° 67.611+1.97° 65.90+0.88° 61.40+1.27°
Fresh weight (mg) 4.501+0.09° 3.20%+0.17¢ 6.031+0.07° 6.75+0.15° 6.08+0.07° 5.931+0.15°
Dry weight (mg) 0.7140.03¢ 0.7010.04¢ 0.81%0.03% 1.00£0.032 0.871+0.02° 0.841+0.015
Leaf number 4.6710.06° 5.11+0.04° 4.891+0.10° 5.11%+0.23° 5.11+0.11° 5.001+0.34°
Stem diameter (cm) 0.3740.00° 0.4140.02° 0.44%0.03 0.4710.00° 0.45%+0.03° 0.421+0.02°

The values represent the average (n=3) % standard error. For each parameter, means having the same ending letter do not differ significantly at 5% by Newman-Keuls

test
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Fig. 4: Effect of applying different seaweed aqueous extracts
and commercial biostimulant product (CBP) as foliar

spray on total leaf chlorophyll of maize plants
Means having identical letter do not differ significantly at 5% by
Newman-Keuls test

effect, chiefly on fresh weight was observed when using the
four macroalgae extracts as a foliar spray. Hence, the rise in
shoot fresh weight was higher compared to root weight. The
greatest enhancement in corn plant fresh weight was found
in the treatment of Jania rubens where fresh weight reached
an average of 6.75 g with a percentage increase of 53%
compared to the control (Table 3). Whereas, this parameter
attained only about 33% for Corallina officinalis, Corallina
elongata and Ulva fasciata treatment but it was much less
pronounced than the commercial liquid extract with the
recommended dose. Results also showed clearly that leaf area
was improved significantly when using the agueous seaweed
extracts (Table 3). Among the five treatments, Jania rubens
and Corallina elongata had the most pronounced effects:
leaf area increase was estimated at 15 and 10% respectively.
Whereas, there was a slight improvement noticed when
spraying maize plants with the rest of other seaweed extracts.
For stem diameter and leaf number, it appeared that both the
parameters were the least affected by a foliar spray treatment

of seaweed liquid extracts (Table 3). On the other hand,
plants receiving the commercial biostimulant product
displayed no significant differences in the studied growth
parameters, since these measures were statistically
similar to the distilled water control, except for fresh plant
weight.

Photosynthetic pigments: Seaweed extracts applications as
foliar spray resulted in much greener leaves of Zea mays
plants, visible to the naked eye. Photosynthetic pigment
content, determined in the greenhouse experiment revealed
that the concentration of total Chlorophyll was found to be
increased when compared to the control value (Fig. 4). The
plant treated with Jania rubens and Corallina elongata as
foliar spray showed a maximum total leaf chlorophyll content
of 0.18 mg g~ fresh weight matter compared to control,
which was 0.07 mg g~'. The other seaweed extracts also
increased the chlorophyll contents but at a lesser extent.

DISCUSSION

Previous studies reported that seaweed extracts
contained higher amounts of many essential minerals and
trace elements such asN, K, Mg, P, Ca and Fe required for plant
growth'®, They should represent more than 20-50% of their
dry weight which expresses a much higher level than in
terrestrial plants?'. The content of minerals in the benthic
marine algae used in this study was in generalagreement with
the above researches. However, the quantitative ranges of
mineral compounds in seaweeds can fluctuate widely
according to the season, environmental conditions and
analytical methods™. Among the major elements studied,
calcium was the mostabundantelementin Corallina elongata,
Corallina officinalis and Jania rubens. This affinity for calcium
might be related to the ability of these benthic calcareous
algae toaccumulate this elementin their thalliand depositing
it in the form of a calcareous skeleton mainly as calcium
carbonate??, Generally, the high mineral content of seaweeds
is attributed to their marine habitat and their ability to
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accumulate a wide range of mineral marine substances
due to the characteristics of their cell wall sulphated
polysaccharides®.

The current study also showed that the application of
agueous seaweed extracts had a greater effect on early
seedlings growth rather than on final germination. Similar
results were obtained by treating transgenic corn seeds with
other seaweed extracts from both Gracilaria edulis and
Kappaphycus alvarezii. Further, Paungfoo-Lonhienne et a/?
also noted that there was no statistical difference in the final
germination percent of corn seeds soaked in an aqueous
extract from red algae (Ahnfeltia tobuchiensis). Nevertheless,
corn seeds emerged much faster following treatment with
the four studied seaweeds, mostly Jania rubens extract.
According to Sivasankari et a/?*, seeds soaked with algae
extracts significantly increased o- and B-amylase activity and
induced different metabolic processes at germination and
early seedling stage. As an essential starch-degrading
enzyme, B-amylase is synthesized in the starchy endosperm
during seed maturation and have a pivotal role in embryo
development and seedling emergence. Increase in activity of
this enzyme during germination, contributes to rapid radicle
emergence from the seed coat®®. The enhanced level of
amylase activity and acceleration of the metabolic response
might be due to the presence of stimulatory influence of
growth-promoting substances like gibberellins. Similar results
were reported in black gram?6, in bean?” and in sunflower
seeds?.

However, all aqueous extracts, chiefly Jania rubens and
Corallina officinalis showed a significant stimulatory effect on
plumule and radicle length, fresh and dry weight of corn
seedlings and lateral root development in comparison with
control. The presented results are in agreement with those
found by many authors reporting that macroalgal extracts
were highly efficient in promoting the seedling vigor at the
early stage of various species, like tomato'®, maize? beans?
and wheat®. Further, the efficiency of seaweed extracts might
be attributed to the presence of plant growth regulators,
vitamins and mineral contents, such as P, Na, K, Ca and Mg?'.
For example, exogenous calcium, applied directly to the
root cap, significantly stimulated root elongation in pea
(Pisum sativum L.) and corn (Zea maysL.) seedlings®2. Kumar
and Sahoo* noticed that the seaweed liquid extracts of
Sargassum wightii also enhanced deep root development
through improving lateral root formation by 63.38%,
compared to control. Auxins, which reported to be present in
seaweed extracts, were also found to stimulate markedly
initiation, as well as growth and branching of root systems34,

Results from the greenhouse experiment indicated a
positive correlation between leaf spray treatments and greater
maize plant growth compared to the commercial biostimulant
and the control. Among the five treatments, Jania rubens
and Corallina elongata had the most marked effects on the
examined vegetative growth parameters, as well as total leaf
chlorophyll content. Such results are in agreement with those
obtained by Rengasamy et a/**, who observed better plant
growth on foliar sprays of seaweed extracts. Chlorophyll
content increase may be due to increased availability of algal
nutrients, especially nitrogen and magnesium, which are
the fundamental components of chlorophyll forming®.
Furthermore, chlorophyll content increase might also be
explained by the decrease in degradation of this molecule,
caused in part by cytokinins and betaines, known to be
present in seaweed extracts¥.

Enhancing growth characters in response to the foliar
spray of agueous marine algae extracts may be due to their
positive action on increasing cell division and elongation,
which aims to promote shoot growth, leaf area and plant dry
weight®. Other researchers have reported that improved
overall plant growth and vigor was also attributed to greater
uptake of nutrients and water®. Similarly, the positive effect of
seaweed foliar sprays was observed in wheat®, tomato*® and
green gram*'. This came in agreement with findings in this
study, which showed a positive effect on most vegetative
characters of maize plants. In this context, several reports
suggested that beneficial effects of seaweeds and their
extracts might be attributed largely to the presence of more
than one group of plant growth-promoting substances such
as auxins, cytokinins, gibberellins, micronutrients, vitamins
and amino acids®. Thereby, cytokinins detected in seaweed
extracts have been found containing trans-zeatin, trans-zeatin
riboside and dihydro derivatives of these two forms*2. Auxins
and cytokinins have been reported in many intertidal
macroalgal species like Sargassum muticum, Caulerpa
paspaloides, Porphyra perforata, Laminaria  japonica,
Dictyota humifusa, Undaria pinnatifida and Ulva fasciata.
They may play different roles in regulating plant growth and
development including plant cell enlargement, stimulating
cell divisions, leaf and root differentiation®. However, the
mechanical action of seaweed extract is still unknown,
although it is assumed that the beneficial effects of these
extracts are mainly attributed to the synergetic effect of plant
growth-promoting substances presentin seaweeds*. Previous
research on the mechanisms of foliar application mentioned
thatmacro and microelementsin liquid fertilizer can be readily
absorbed by leaf tissue via the stomatal pores or directly
through the leaf cuticle®.
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CONCLUSION

This study showed clearly that seaweed aqueous extracts
derived from Corallina elongata, Corallina officinalis, Jania
rubens and Ulva fasciata had potential growth-promoting
substances, which significantly enhanced seed germination,
seedling vigor and plant growth, as well as photosynthetic
pigments of maize compared to the control. The presence of
high mineral content in these Moroccan seaweed resources
makes them an excellent choice as a potential source of
natural fertilizers or biostimulants to improve plant
performance in agriculture. More importantly, it will further
help in reducing the use of chemical fertilizers for promoting
sustainable agricultural systems and developing more
eco-friendly approach to organic farming. Therefore, it will
be necessary to conduct additional experiments to identify
the algae-derived compounds with plant biostimulant
activity.

SIGNIFICANCE STATEMENT

This study discovered the potential of aqueous extracts
from Moroccan seaweeds to be used as biostimulants for
improving seed germination, chlorophyll contentand growth
of maize plants under laboratory and in pot studies that can
be beneficial for researchers and farmers. This study will help
theresearchers to uncover the critical areas of natural product
and plant resources that many researchers were not able to
explore. Thus a new theory on enhancing sustainable corn
production using seaweeds and their products may be arrived
at.

ACKNOWLEDGMENTS

The authors thank the journal reviewers for their
constructive comments, suggestions and guidance. The
authors also wish to express gratitude to M. Doulhousn, a
technician in IAVCHA Institute, Agadir, Morocco for assistance
with mineral analysis.

REFERENCES

1. Bouwman, AF., AHW. Beusen and G. Billen, 2009. Human
alteration of the global nitrogen and phosphorus soil
balances for the period 1970-2050. Global Biogeochem.
Cycles, Vol. 23.10.1029/2009GB003576

2.

Garcia-Gonzalez, J.and M. Sommerfeld, 2015. Biofertilizerand
biostimulant properties of the microalga Acutodesmus
dimorphus. ). Appl. Phycol., 28: 1051-1061.
Paungfoo-Lonhienne, C,, T.G.A. Lonhienne, A. Andreev,
L.V. Zhiltsova and S. Kovalev et a/, 2017. Effects of humate
supplemented with red seaweed (Ahnfeltia tobuchiensis) on
germination and seedling vigour of maize. Aust. J. Crop Sci.,
11: 690-693.
Abdel-Raouf,N.,A.A. Al-Homaidan and I.B.M.lbraheem, 2012.
Agricultural importance of algae. Afr. J. Biotechnol.,
11:11648-11658.

Vinoth, S., Sundari, P. Gurusarava, S. Sivakumar and
G. Siva et al, 2017. Evaluation of seagrass liquid extract on
salt stress alleviation in tomato plants. Asian J. Plant Sci.,
16:172-183.

Hamed, S.M., A.A. Abd EI-Rhman, N. Abdel-Raouf and
I.B.M. Ibraheem, 2018. Role of marine macroalgae in plant
protection & improvement for sustainable agriculture
technology. Beni-Suef Univ. J. Basic Appl. Sci., 7: 104-110.
Reitz, S.R. and J.T. Trumble, 2009. Effects of cytokinin-
containing seaweed extract on Phaseolus lunatus L.
influence of nutrient availability and apex removal. Bot. Mar.,
39:33-38.

Sanderson, K.J., P.E. Jameson and J.A. Zabkiewicz, 1987. Auxin
in a seaweed extract: Identification and quantitation of
indole-3-acetic acid by gas chromatography-mass
spectrometry. J. Plant Physiol., 129: 363-367.

Crouch, l.J.and J.van Staden, 1993. Evidence for the presence
of plant growth regulators in commercial seaweed products.
Plant Growth Regul., 13: 21-29.

Battacharyya, D., M.Z. Babgohari, P. Rathor and B. Prithiviraj,
2015. Seaweed extracts as biostimulants in horticulture. Sci.
Hortic., 196: 39-48.

. Esserti, S., M. Faize, L.A. Rifai, A. Smaili and M. Belfaiza et al,

2017. Media derived from brown seaweeds Cystoseira
myriophylloides and Fucus spiralis for in vitro plant tissue
culture. Plant Cell Tissue Organ Cult., 128: 437-446.
Mouradi-Givernaud, A.,L.A.Hassani, T.Givernaud, Y.Lemoine
and O. Benharbet, 1999. Biology and agar composition of
Gelidium sesquipedale harvested along the Atlantic coast of
Morocco. Hydrobiologia, 398: 391-395.

Souhaili, Z.,H. Mohammadi, N. Habti and M. Faid, 2010. Lethal
effect of the aqueous extract of brown seaweed (Cystoseira
tamariscifolia) on mice and on murine myeloma tumor cells.
Afr. Sci., 4: 580-590.

Ruperz, P., 2002. Mineral content of edible marine seaweed.
Food Chem., 79: 23-26.

Herndndez-Herrera, R.M,, F.  Santacruz-Ruvalcaba,
M.A. Ruiz-Lépez, J. Norrie and G. Herndndez-Carmona, 2014.
Effect of liquid seaweed extracts on growth of tomato
seedlings (Solanum lycopersicum L.). J. Appl. Phycol.,
26:619-628.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Asian J. Plant Sci,, 19 (X): XX-XX, 2020

Lichtenthaler,K.H.and C.Buschmann, 2001. Chlorophyllsand
carotenoids: Measurement and characterization by UV-VIS
spectroscopy. Curr. Protocols Food Anal. Chem.,
10.1002/0471142913.faf0403s01

Lichtenthaler, H.K, 1987. Chlorophylls and carotenoids:
Pigments of photosynthetic biomembranes. Methods
Enzymol., 148:350-382.

Addinsoft, S., 2016. Leading data analysis and statistical
solution for microsoft excel. Version 2016.02.28451, Addinsoft
SRL, Paris, France.

Takagi, T., M. Uchida, R. Matsushima, H. Kodama, T. Takeda,
M. Ishida and N. Urano, 2015. Comparison of ethanol
productivity among yeast strains using three different
seaweeds. Fish. Sci., 81: 763-770.

Takagi, T, M. Uchida, R. Matsushima, H. Kodama, T. Takeda,
M. Ishida and N. Urano, 2015. Comparison of ethanol
productivity among yeast strains using three different
seaweeds. Fish. Sci., 81: 763-770.

Rohani-Ghadikolaei, K., E. Abdulalian and W.K. Ng, 2012.
Evaluation of the proximate, fatty acid and mineral
composition of representative green, brown and red
seaweeds from the Persian Gulf of Iran as potential food and
feed resources. J. Food Sci. Technol., 49: 774-780.

Chapman, V.J. and D.J. Chapman, 1973. Algal physiology. In:
The Algae, Palgrave, Chapman, V.J. and D.J. Chapman,
Macmillan Education, UK, pp: 465-480.

Jannat-Alipour, H., M. Rezaei, B. Shabanpour, M. Tabarsa and
F.Rafipour,2019. Addition of seaweed powder and sulphated
polysaccharide on shelf_life extension of functional fish
surimi restructured product. J. Food Sci. Technol,
56:3777-3789.

Sivasankari, S., V. Venkatesalu, M. Anantharaj and M.
Chandrasekaran, 2006. Effect of seaweed extracts on the
growth and biochemical constituents of Vigna sinensis.
Bioresour. Technol,, 97: 1745-1751.

Abnavi, M.S. and M. Ghobadi, 2012. The effects of source of
priming and post-priming storage duration on seed
germination and seedling growth characteristics in wheat
(7riticum aestivem L.). ). Agric. Sci., 4: 256-268.

Dhumal, J.S., S.R. Chaudhari and M.J. Chavan, 2019. A review
bioactive components of Vigna mungo.J.Drug Delivery Ther.,
9:748-754.

Carvalho, MEA. P.R.C. Castro, AD.C. Novembre and
H.M.C.P.Chamma, 2013. Seaweed extractimproves the vigor
and provides the rapid emergence of dry bean seeds. Am.
Eur. J. Agric. Environ. Sci., 13: 1104-1107.

Sujatha, K., V. Vijayalakshmai and A. Suganthi, 2015.
Comparative efficacy of brown, red and green seaweed
extracts on low vigour sunflower (Helianthus annusL.) var. TN
(SUF) 7 seeds. Afr. J. Agric. Res., 10: 2165-2169.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Petropoulos, S.A., O. Taofig, A. Fernandes, N. Tzortzakis and
A. Ciric et al, 2019. Bioactive properties of greenhouse
cultivated green beans (Phaseolus vulgaris L) under
biostimulants and water stress effect. J. Sci. Food Agric.,
99: 6049-6059.

Latique,S.,E.M. Aymen, C.Halima, H. Chérif and EI-K. Mimoun,
2017. Alleviation of salt stress in durum wheat (7riticum
durum L) seedlings through the application of liquid
seaweed extracts of Fucus spiralis. Commun. Soil Sci. Plant
Anal., 48: 2582-2593.

Rao, G.M.N. and R. Chatterjee, 2014. Effect of seaweed liquid
fertilizer from Gracilaria textoriiand Hypnea musciformison
seed germination and productivity of some vegetable Crops.
Univ. J. Plant Sci., 2: 115-120.

Takahashi, H., T.K. Scott, H. Suge, 1992. Stimulation of root
elongation and curvature by calcium. Plant Physiol.,
98: 246-252.

Kumar, G.and D.Sahoo, 201 1. Effect of seaweed liquid extract
on growth and yield of Triticum aestivum var. Pusa Gold. J.
Applied Phycol., 23: 251-255.

Koch, EW. and M.J. Durako, 1991. In vitro studies of the
submerged angiosperm Ruppia maritima. Auxin and
cytokinin effects on plant growth and development. Mar.
Biol., 10.1007/BF01313085

Rengasamy, KRR, M.G. Kulkarni, S.C. Pendota and
J. Van Staden, 2016. Enhancing growth, phytochemical
constituents and aphid resistance capacity in cabbage with
foliar application of eckol — a biologically active phenolic
molecule from brown seaweed. New Biotechnol., 33:273-279.
Rahmawati, T., L. Abdullah and I. Prihantoro, 2015. Production
and quality of Murdannia bracteata biomass as impact of
magnesium foliar fertilizer. J. Anim. Vet. Sci., 20: 207-213.
Balakumbahan, R. and M.P. Kavitha, 2019. Effect of
biostimulants on leaf yield and quality of annual moringa
(Moringa oleifera. Lam) Var. PKM-1. Indian J. Agric. Res.,
535:566-571.

Basavaraja, S.D.P.K. and N.D.Y.A. Ghosh, 2017. Influence of
seaweed saps on germination, growth and yield of hybrid
maize under cauvery command of karnataka, India. Int.J. Curr.
Microbiol. App. Sci., 6: 1047-1056.

Khan, W., U.P. Rayirath, S. Subramanian, M.N. Jithesh and
P.Rayorath et a/, 2009. Seaweed extracts as biostimulants of
plant growth and development. J. Plant Growth Regul.,
28:386-399.

Ali, N., A. Farrell, A. Ramsubhag and J. Jayaraman, 2016. The
effect of Ascophyllum nodosumextract on the growth, yield
and fruit quality of tomato grown under tropical conditions.
J. Appl. Phycol., 28: 1353-1362.

Raverkar, K.P.,N. Pareek, R. Chandra, S. Chauhan, S.T. Zodape
and A. Ghosh, 2016. Impact of foliar application of seaweed
saps on yield, nodulation and nutritional quality in green
gram (Vigna radliatal). Legume Res., 39:315-318.



42. Alburquerque, N. L.

43.

Asian J. Plant Sci,, 19 (X): XX-XX, 2020

Faize, M. Faize, M.D. Nortes,
J.Bernardeau, J.M.R. Fernandez and L. Burgos, 2018. Towards
the valorization of the invasive seaweeds Caulerpa
¢ylindracea  and Asparagopsis taxiformis in the
Mediterranean Sea: applications for in vitro plant
regeneration and crop protection. J. Appl. Phycol,
31:1403-1413.

Choi, J. and I. Hwang, 2007. Cytokinin: perception, signal
transduction, and role in plant growth and development. J.
Plant Biol., 50: 98-108.

10

44, Mansori, M., H. Chernane, S. Latique, A. Benaliat, D. Hsissou

45.

and M.ElKaoua, 2015.Seaweed extract effect on water deficit
and antioxidative mechanisms in bean plants (Phaseolus
vulgarisL.). ). Applied Phycol., 27: 1689-1698.

Moreira, A. and L.A.C. Moraes, 2017. Yield, nutritional status
and soil fertility cultivated with common bean in response to
amino-acids foliar application. J. Plant Nutr., 40: 344-351.



