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Abstract

Purpose: Algae are living organisms capable of photosynthesis and live mainly
in an aquatic environment (marine or freshwater), and considered as plants like
those growing on the soil. It can therefore be used to enrich the soil in organic
matter, and mineral elements, as for composting green waste, for example.
The objective of this study was to investigate the effect of marine macroalgae
Enteromorpha intestinalis (Ulvophycae) and Corallina elongata (Corallinacae)
as biofertilizers on the growth of Zea mays L.

Method: After rinsing, the algae were ground into a fine powder. The powder
obtained from each seaweed was divided into two batches. For the first batch, the
seaweed powder (AP), was used directly in the pots one week before planting.
Two concentrations, 5% and 10%, were studied. The second batch was used
to prepare liquid algal fertilizer (ALF). To determine the mineral composition of
each seaweed, X-ray fluorescence analysis was performed. the biofertilizing
potential of Enteromorpha intestinalis and Corallina elongata was studied on
corn plants, evaluating the effect of these two algae at different growth stages
(15, 25, 45 and 60 days) and the chlorophyll a and b content.

Results: The elemental analysis of the two algae by X-ray Fluorescence shows
that the main elements are water, chlorine, potassium, calcium, silicon, natrium,
magnesium, iron and sulfur. The results show that E.intestinalis is richer in
minerals compared to C.elongata, except for Strontium and calcium, where
C.elongata is more rich.

Conclusion: The results of this study showed that the macroalgae Enteromorpha
intestinalis and Corallina elongata from the Atlantic coast of Morocco are
valuable biofertilizers. On the other hand, the application of seaweed extract
is more effective than the application of seaweed powder, and Enteromorpha
intestinalis can affect the growth parameters at a low concentration (5%), unlike
Corallina elongata. The different positive roles of algae in agriculture should be
clarified, as our results showed that they can be used as an excellent fertilizer.
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Introduction

During their growing cycle, crops need inputs in mineral elements, to ensure their
physiological functions. Fertilizers are chemical substances, most often mixtures of
mineral elements, intended to provide plants with nutrient supplements, to improve
their growth, and to increase the yield and quality of crops. These last decades
with the intensive farming, however, many studies show that the uses of chemical
fertilizers unfortunately have more disadvantages than benefits inducing health risks
and tremendous environmental costs. Also, in developing countries, there is a lack of
fertilizers and inadequate agricultural practices leading to bad quality crops. To overcome
these problems and to increase crop yields in the absence of resources for obtaining
costly fertilizers, efficient and sustainable practices are needed to allow cost-efficient
production of adequate nutrition for the growing populations, especially indeveloping
countries. Thus, many researchers encourage the use of biofertilizers. Among them the
macroalgae. This type of fertilizer eliminates the use of harmful chemicals. Morocco, with
more than 3400km of coastal areas, has a large richness of macroalgae. Indeed, 438
species have been inventoried but only few red species are used in agro-industrial field
(Riadi, 1998). Marine macroalgaeare one of the important living resources of the world.
Indeed, many compounds, isolated from these seaweeds, haveseveral applications in
pharmacy, cosmetic, nutrition, and agriculture and many other biotechnology related
industries. They have already proved their efficiency as biofertilizer by many authors
around the world (Pouset, 2002; Hibar et al., 2006; Divya et al., 2015) and many
companies improving algal biofertizer products have emerged.

The aim of this study is to improve the use of two dominant macroalgae Enteromorpha
intestinalis and Corallina elongata from the Atlantic coast of Morocco in agricultural field
as biofertilizer.

Materials and Methods

Sampling stations

The harvest is done during spring and autumn 2017 at low tide in two Moroccan coastal
areas, ElQOualidia (32°45’N, 9°30’'W) and Eljadida (33°13'52”N, 8°32'51"W) where
Corallina elongata and Enteromorpha intestinalis were dominant, respectively. The
samples were washed in seawater at the sampling station, placed in plastic bags and
transported to the laboratory in an icebox.

Experimental procedures

At the laboratory, we trilled and rinsed the sample thoroughly and several times with
seawater to eliminate impurities (sand and debris of algae). The drying was done in
shadow open air. The seaweeds were reduced to fine powder in a mechanic grinder.
The powder obtained from each seaweed was divided into two lots subjected to
specific conditions to study the fertilizing activity of the algae. For the first lot, the algal
powder (AP), was used as a treatment, directly in the pots a week before planting. Two
concentrations, 5% and 10%, were studied. The second one was used to prepare the
Algal liquid fertilizer (ALF).
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Seaweed liquid fertilizer preparation

The seaweed powder was added with distilled water in a ratio 1:20(w/v) and autoclaved.
After that, the extract was filtrate and stored at 4°C. The extract was used to prepare two
concentrations of ALF: 5% and 10% by adding distilled water.

Plant material

Maize seeds were sterilized with ethanol 70% and washed by sterile distilled water, then
dried in shadow open air. For the AP treatment, the seeds were planted in 30 cm diameter
earthen pots containing 1 Kg of an autoclaved clay loam soil (Table 1) with each algal
powder/ extract algal. They were daily watered with tap water. For the ALF, the sowing
seeds were soaked, in each concentration of SLF and in distilled water for the control,
for 24hours. Then, the seeds were planted and irrigated as AP experiment. In addition,
they were treated once a week with a volume of 10 ml of the ALF. The experiments were
carried out under natural conditions of temperature (23-28 °C).

Table 1. Physicochemical properties of soil used in this study

Texture Clay loam

Clay (%) 65
Sand (%) 20

Silt (%) 15

EC (dS/cm) 1.3
pH 6.85
Organic matter (%) 1.1
HCO, (mmol/1) 2.89
Available P (mg/kg) 5.5
K*(mmol/I) 0.14

Na 2* (mmol/I) 2.6
Cl = (mmol/l) 1.59

Chlorophyll contents

The chlorophyll a and b contents were analyzed in the fresh leaves of maize (Zea mays)
by following the method by (Metzner et al., 1965).The extract was taken in acetone
(80%) solution. After that absorbance was noted at optical densities (OD) of 662 and 645
nm on spectrophotometer. Final calculations were made using the following relations.
The chlorophyll a and b was calculated according to the coefficients and equations given
by (Lichtenthaler, 1987)

Chlorophyll a (mg/g) =11,24xD0662 — 2,04xD0O645
Chlorophyll b (mg/g) = 20,13xD0O645 — 4,19xD0662
Total chlorophyll = chl a + chl b

Analysis of growth parameters

Shoot and root lengths were recorded at different growth stages; 15, 25, 45 and 60 days.
At the end of the experiments, plant dry weight was recorded, and chlorophyll content
was analyzed.
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The plants were oven dried at 80°C for 24h to determine the dry matter. The content
of chlorophyll a was estimated using the method of (Metzner et al., 1965). Pigment
concentrations are expressed as pg/g FW (Fresh Weight).

Fluorescence X Analysis

The work presented here was conducted in 2017 using a portable X-ray fluorescence
spectrometer (XRF) (Fondis, Niton XLt).

Statistical analysis

All the measurements were triplicates. The analysis of variance (ANOVA) was carried
out using a version 24 of SPSS and by Tukey’s post-hoc test between treatment means
(Khadraiji et al., 2020).

Results

Growth parameters

Growth parameters of Maize, such as shoot length, leave length, and dry weight,
were significantly influenced by the addition of algal powder/extract to soil. A gradual
increase in shoot length, leave length and dry weight were observed. Under algal powder
application, the maximum of shoot length (Figure 1a), Leave length (Figure 2a) and dry
weight (Figure 3), was at10% of Corallina elongate and 10% of Enteromorpha intestinalis.
Unlike to algal powder application, the application of algal extract, increased significantly
the shoot length (Figure 1b), Leave length (Figure 2b) and Dry weight (Figure 3) and we
obtained the maximum at 5%, 10% of E.intestinalis and 10% of C.elongata.

N comtrol Algsl powder Ce5% B Algal powder C = 10% W Algal powder Ei 5% Algnl powder Ei 10%
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Figure 1a. Shoot length of Maize plant treated by Algal powder of C.e.; Corallina elongata, Ei:
Enteromorpha intestinalis
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Figure 1b. Shoot length of Maize plant treated by algal extract of C.e.; Corallina elongata, Ei:
Enteromorpha intestinalis
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Figure 2a. Leave length (cm) of Maize plant treated by Algal powder
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Figure 2b. Leave length (cm) of Maize plant treated by Algal extract
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Figure 3. Total dry Weight of Maize plant

Chlorophyll content

After 60 days algal treatment, the results were shown in (Figure 4).The chlorophyll
contents have showed a highly significant increase with the increase of algal treatment
concentration. For algal powder treatment, the maximum chlorophyll content was
registered at C.elongatal0% following by E.intestinalis10% as compared to control
plant. For algal extract, the results showed that the maximum chlorophyll content was
registered at C.elongatal0% and E.intestinalis 10% following by E.intestinalis 5%.
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Figure 4. The chlorophyll contents of Maize

Fluorescence X Analysis

The results of the elemental analyses of the two algae by Fluorescence X are presented
in (Table 2). The main elements are water, chlorine, potassium, calcium, silicon, natrium,
magnesium, iron and sulphur. The results show that E.intestinalis is richer in minerals
compared to C.elongata, with the exception of Strontium and calcium, the analysis
showed that C.elongata is more richer.
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Table 2. Elemental composition by Fluorescence X of the two algae

Element (ppm) C.elongata E.intestinalis
Cu 29 15
Zn 45 26
Sr 263 1416
zr 11 8
Rb 39 17

Y 18 12
LE 89.06% 83.61%
cl 5.56% 2.96%
Al 1956 1498
Ca 3.32% 12.18%
Si 5058 4648
K 7590 2760
P 1403 1259
Fe 3257 261

S 1215 544

Discussion

In the present study, shoot length, leave length, dry weight and Chlorophyll contents
have significantly increased with application of algal powder/extract (Figure 1, 2, 3 and
4). (Bouhadi at al., 2019) reported that Corallina officinalis powder improve the growth
parameters and the chlorophyll content in the leaves of Vicia faba plant. Seaweeds
induced increase in plant growth has been reported by many researchers in many plant
species including Maize (Agnieszka et Katarzyna 2018; Safinaz and Ragaa 2013).
(Ouhssine et al., 2007) showed a positive correlation between the percentage of the
algal powder in the soil and the development of the different parts of the Maize plant
(the length, the diameter of the stems, and number it sheets., This biomass production
increase due to application of seaweeds powder has also been observed in many other
plants. Indeed, (Filipkowska et al., 2008) observed that the growth rates of tomato plants
growing in the soil supplemented by macroalgae (Sargassum spp., Turbinaria spp.,
Caulerpa chemnitzia, Enteromorpha intestinalis) were conspicuously faster than in the
control. Also, they reported that these seaweed extracts contain trace elements, vitamins,
amino acids, cytokinines and growth-promoting hormones. Moreover, (Sivasankari et al.
2006; Hong et al., 2007) found that their concentration in seaweeds are superior to other
fertilizer sources. (Gupta and Lata 1964) observed that cyanobacteria increase seed
germination and sponsored seedling growth. Also, they have supplementary positive
roles, such as liberating of bioactive substances like biological control, stimulators and
hormones (Lugtenberg et al., 1991). However, (Filipkowska et al.,2008) noted that the
decomposition of macroalgae is very rapid when mixed with soil. Significant increase
in soil polysaccharides, phosphatase activities, urease, and dehydrogenase was
documented. Studies of Burns and Davies (1986) suggested soil polysaccharides as
major component responsible for soil stabilization. (Safinaz andRagaa 2013) reported
that the application of Laurencia obtusa + Jania rubens caused 48.21% increase in
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plant length, 61.84% increase in potassium content and increase the leaves number, as
compared to control plant. Additionnally, the application of Laurencia obtusa + Corallina
elongata increased by 90.86% the plant fresh weight. (Sosnowski et al., 2019) observed
that Ecklonia maxima extract had multi-directional effect on photosynthetic activity
of the plants and in relation to the control plant there was a significant increase in
chlorophyll content in Alfalfa leaves (12%) as a response to E. maxima extract. (Mzibra
et al., 2018) showed that six seaweed species (Ulva rigida, Codium decorticatum, Fucus
spiralis, Chondracanthus acicularis, Bifurcaria bifurcata and Gigartina sp.) were a
promising source of polysaccharide-enriched extracts (PEEs) with beneficial effect on
germination, plant biomass, and chlorophyll content. However, it is obvious that some
of their advantageous properties and beneficial effects influence plant/soil-systems. Two
important potential uses of soil microalgae in crop production are as biofertilizers or soil
conditioners.

Conclusion

In this study, the results show that the two macroalgae, Enteromorpha intestinalis and
Corallina elongata macroalgae from the Atlantic coast of Morocco,and their products are
valuable biofertilizers. In the other hand, the algal extract application is more efficient
than the algal powder application, and Enteromorpha intestinalis can influenced the
growth parameters at a small concentration (5%), unlike to Corallina elongata. An effort
was supported to throw some light on the different positive roles of algae in agriculture,
with respect to the association between algae and plants. Our results showed that can
be utilized as excellent fertilizers.
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