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Stimulating effects of organic biofertilizers on Solanum lycopersicum L

Abstract :

Modern agriculture, although effective in increasing yields, relies heavily on the
intensive use of chemical inputs, leading to progressive degradation of the
environment and soil fertility. With this in mind, this study aims to assess the effect of
biofertilizers derived from marine species on the growth of Solanum lycopersicum L.
(tomato), a strategic crop in Algeria.

The experimental work was carried out under semi-controlled conditions in a
greenhouse, and involved the application of various marine extracts «n crude or
formulated form. The effects of these bioproducts were analyzed on several

morphological, physiological and reproductive parameters.

Results showed M and AV_F and D <extracts significantly stimulated vegetative
growth, increased dry and fresh weight of roots and aerial parts, as well as floral and
fruit induction. In addition, these treatments improved the chlorophyll content and water
retention of plant tissues, reflecting improved stress tolerance, and extracts AV and D

and SYN stimulated vegetative growth of tomato plants.

The study confirms the effectiveness of marine biofertilizers as sustainable alternatives
to chemical fertilizers, boosting productivity while respecting ecological balances.
These results encourage the adoption of these bio stimulants as part of a more

environmentally-friendly agriculture.

Keywords: Tomato, biofertilizers, marine species, sensitive agriculture, bio stimulants



Effets stimulants des biofertilisants organiques sur Solanum lycopersicum L

Résumé :

L’agriculture moderne, bien qu’efficace pour augmenter les rendements, repose
largement sur [l'utilisation intensive d’intrants chimiques, ce qui entraine une
dégradation progressive de I'environnement et de la fertilité des sols. Dans cette
optique, cette étude vise a évaluer I'effet de biofertilisants dérivés d'especes marines
sur la croissance du Solanum lycopersicum L. (tomate), une culture stratégique en

Algérie.

Le travail expérimental a été réalisé en conditions semi-contrélées dans une serre, et
a porté sur l'application de différents extraits marins <sous forme brute ou formulée.
Les effets de ces bioproduits ont été analysés sur plusieurs parameétres

morphologiques, physiologiques et reproductifs.

Les résultats ont montré les extraits M et AV_F et D «ont significativement stimulé la
croissance végeétative, 'augmentation du poids sec et frais des racines et parties
aériennes, ainsi que l'induction florale et fruitiére. De plus, ces traitements ont permis
d’améliorer la teneur en chlorophylle et la rétention d’eau des tissus végétaux,
traduisant une meilleure tolérance au stress et les extraits AV et D et SYN ont stimulé

la croissance végétative des plantes de tomates.

L’étude confirme ainsi l'efficacité des biofertilisants marins comme alternatives
durables aux engrais chimiques, en renforcant la productivité tout en respectant les
équilibres écologiques. Ces résultats encouragent I'adoption de ces biostimulants

dans le cadre d’'une agriculture plus respectueuse de I'environnement.

Mots-clés : Tomate, biofertilisants, espéces marines, agriculture durable,

biostimulants
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General introduction

General introduction

In the last decades, intensive agriculture has been founded on the massive use of
chemicals, including fertilizers and pesticides, to satisfy the growing food needs of a
constantly rising world population (FAO, 2012; Savci, 2012). Although this has greatly
improved agricultural productivity, it has also played a vast role in environmental
degradation and human health issues. One of the most tactical vegetable crops,
tomato (Solanum lycopersicum L.) is in a dignified position due to its economic and
nutritional value. Tomatoes are a staple source of vitamins, minerals and health-
promoting antioxidant molecules (Bergougnoux, 2014). Tomato production worldwide
now exceeds 180 million tons a year, with particular importance in regions of the
Mediterranean such as Algeria, where it is one of the major irrigated crops and has an

important contribution to food security and national economy (Benalia and al., 2020).

Chemical fertilization, or the act of delivering crops with minerals in a form that can
be readily absorbed, has been made possible as a means of short-term intensification
of agriculture (Zo6rb et al., 2014). Repeated and excessive use of chemical fertilizers,
however, can lead to slow solil fertility depletion, nitrate, disruption of the ecological
balance and biodiversity and pollution of groundwate (Liu and al., 2021). These major
drawbacks have led the scientific community to look for different, sustainable
alternatives that have fewer adverse effects on ecosystems and human health.
Biofertilization and application of natural bio stimulants thus appear to be innovative
and promising solutions to meet the challenges of modern farmers (du Jardin, 2015;
Rouphael and al., 2020). These approaches are based on the use of organic matter,
micro-organisms or plant extracts which, in addition to their nutritional value, contain
bioactive substances capable of stimulating plant growth, improving their tolerance to

abiotic stress and strengthening their natural defenses.

Mineral fertilization, however, is marked by the precision of application and ready
availability of the inputs that allow fast assimilation by plants, although it sometimes
does not ensure better soil structure as well as richer microbial diversity (Z6rb and al.,
2014). In contrast, organic fertilization progressively improves soil quality by adding
organic matter and promoting biological activity, releasing nutrients gradually and
sustainably (Calvo and al., 2014). Thus, several studies have demonstrated the

(1]
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benefits resulting from the use of extracts from marine species containing
phytohormones, polysaccharides and minerals with a beneficial effect on the growth,

physiology and stress resistance of crop plants (Gofii and al., 2018).

This is the background to the present experimental work, which aims to assess the
effect of extracts from marine species applied as biofertilizers on the growth of tomato
seedlings. The aim is to contribute to the development of alternative solutions to
conventional chemical fertilizers, and to provide scientific evidence for the use of these

natural resources in sustainable agriculture

(2]
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Chapter I: Literature Review

1. Introduction

Vegetable crops play a fundamental role in global food systems. Rich in vitamins,
minerals, and fiber, fresh vegetables enhance the nutritional quality of diets and
contribute to food security, especially in urban and peri-urban contexts (FAO, 2019).
Among them, the tomato (Solanum lycopersicum) holds a prominent position as the
most widely grown and consumed vegetable worldwide due to its high nutritional value,

culinary versatility, and economic importance.

2. Global Importance of Tomatoes

Tomatoes are the leading vegetable crop in the world in terms of volume. According
to FAOSTAT (2022), global production of fresh tomatoes reached 186.1 million tonnes,
cultivated on approximately 5 million hectares, with an average yield of 37.2 t/ha. China
is by far the largest producer, with nearly 68.2 million tonnes, accounting for 36.6% of
the global total, followed by India (20.7 million tonnes) and Turkey (13 million tonnes)
(FAOSTAT, 2022).

]
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Brazil WEE 3,809,986 E
Mexico EEE 4,207,889 l’l
ialy EEEEEN 6,136,380 I I
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Egypt NN 6275444 oo
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o 10,000,000 20,000,000 30,000,000 40,000,000 50,000,000 60,000,000 70,000,000 80,000,000
Produdion (Tons)

Figure 1: The biggest tomato-producing countries in 2022 (FAO, 2024)

Beyond its nutritional value, tomato cultivation contributes significantly to the
economies of many countries by providing employment to millions of farmers and
supporting dynamic processing chains (Pudup, 2022). The crop is also relatively

adaptable to various climates and production technologies (open field, greenhouses,

(1]
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hydroponics), making it a strategic component in the transition toward more

sustainable agricultural systems.

3. Tomato Cultivation in Algeria

In Algeria, tomato production is one of the pillars of the vegetable sector. According
to data from the Helgi Library and FAO (2022), national production reached 1,662,000
tonnes, placing Algeria 14th in the world. The cultivated area was about 25,000
hectares, and yields averaged 66 t/ha, an increase compared to the previous year
(Helgi Library, 2023; FAOSTAT, 2022).

TN=1,79%
TR=523%

ADRAR

TN=1,14%
TR=3,34%

Légende

Présence de culture sous serre

P _ surface serre wilaya
TN Taux régional= g, face serre régionale

surface serre wilaya _
surface serre nationale

TR Taux national =

Figure 2 : The main areas of tomato production in Algeria (Boudhar and Chaou,
2016)

Cultivation takes place in various regions of the country, notably in the wilayas of

Biskra, El Oued, Tipaza, Mostaganem, and Relizane. The development of greenhouse

cultivation has extended the production period, ensuring an almost continuous supply

of tomatoes in local markets. In Algeria, Tomato is a key crop cultivated over more than

(2]
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36000 he, with production of 11 M IN 2022 (NADRP, 2023), the primary growing
regions include Biskra and Adrar, where greenhouse farming enables off season
production and better-quality control (Ait kaki and al., 2023, Chahdi and Bessaoud,
2022).

4. Biological and Agronomic Characteristics of Tomato (Solanum

lycopersicum L.)

Botanical classification situate Tomato (Solanum lycopersicum L.) belongs to the
Solanaceae family, which includes other important crops such as potato, pepper, and
eggplant. It is a dicotyledonous, herbaceous, usually determinate or indeterminate
plant cultivated primarily for its fleshy fruit. The tomato is native to western South
America and was domesticated in Mexico before spreading globally after the

Columbian exchange (Peralta and al., 2008).

From a taxonomic point of view, the tomato is classified as follows:

Graines
Pédicelle

Le sépale

e Kingdom: Plantae
e Order: Solanales
o Family: Solanaceae

« Genus: Solanum Lespétal{s\
e Species: Solanum lycopersicum L. L,éwmm/
\
Style Stigmate

Fleur (agrandie) Fruit

Within the Solanum genus, tomato belongs to the Solanum section Lycopersicon,
which comprises both cultivated and wild species. These wild relatives are essential

for breeding due to their genetic diversity and resistance traits (Knapp and al., 2004).

Varietal Classification of Tomato are generally classified based on fruit shape, size,
color, growth habit (determinate vs. indeterminate), and use (fresh market, processing,
cherry, etc.). The two main subspecies are:

(3]
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e Solanum lycopersicum var. lycopersicum: This is the cultivated type,
characterized by larger fruit size and is widely grown worldwide.

e Solanum lycopersicum var. cerasiforme: This subspecies includes cherry-
type tomatoes, often used for breeding due to their resistance and adaptability
(Blanca and al., 2012).

Tomato cultivars are also distinguished by:

o Growth habit: Determinate types grow to a fixed height and are suitable for
mechanized harvesting and processing. Indeterminate types continue to grow
and bear fruit over a longer period, common in fresh market production (Jones,
2008).

e Fruit characteristics: Varieties may produce round, oblong, pear-shaped, or
ribbed fruits, with colors ranging from red, yellow, orange to green and purple
(Naika and al., 2005).

Modern tomato breeding has led to the development of hybrid varieties that combine
high yield potential, disease resistance, and shelf-life improvements, particularly for

commercial farming (Tigchelaar, 1986).

The phenological development of tomato follows a well-defined sequence of stages
that are crucial for optimizing agronomic practices and achieving high productivity. The
tomato crop progresses through distinct phases, starting from seed germination,
seedling establishment, vegetative growth, flowering, fruit set, fruit development, and
finally maturation and senescence (Jones and al., 2007). Under optimal conditions,
seed germination occurs within 5-10 days at temperatures between 20-25°C (FAO,
2017). Vegetative growth typically lasts for 3 to 4 weeks, during which the plant

develops its root system, stems, and leaves.

(4]
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Figure 3: Demonstration of the five growth stages of tomato, and the different

levels of fruit ripeness (Redmond et al., 2018)

The reproductive stage begins with flower initiation, generally around 20-30 days
after transplanting, depending on the variety and environmental conditions (Adams and
al., 2001). Pollination and fruit set are highly sensitive to abiotic factors such as
temperature and humidity. Fruit development and ripening take approximately 40-60
days, depending on cultivar and growing conditions (Peet & Welles, 2005). Throughout
this cycle, appropriate irrigation, nutrient management, and pest control are essential
to support each phenological phase and ensure successful fruit production stages
(Meier, 2001).

Tomato plants (Solanum lycopersicum L.) exhibit stage-specific nutrient
requirements, which must be met precisely to ensure optimal growth, fruit quality, and
yield. During the seedling stage, nitrogen (N) is vital for early vegetative growth and
chlorophyll production. Phosphorus (P) supports root development, while potassium
(K) plays a role in osmotic regulation and early metabolic activities (Hochmuth &
Hanlon, 2010).

(5]
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Figure 4: Nutrients required in each tomato growth stage (Anonym, 2024).

In the vegetative stage, the demand for nitrogen increases to support rapid biomass
accumulation and leaf expansion. Adequate levels of calcium (Ca) and magnesium
(Mg) are also necessary for cell wall development and photosynthetic efficiency
(Dorais and al., 2001). Micronutrients such as iron (Fe), manganese (Mn), and zinc

(Zn) become increasingly important for enzymatic functions and hormone regulation.

As the crop transitions to the flowering and fruit-setting stages, a balanced supply
of nutrients is essential. Excessive nitrogen at this point can delay flowering, whereas
phosphorus becomes critical for energy transfer and fruit initiation. Potassium
becomes dominant, enhancing pollen viability, flower retention, and resistance to
stress (Sonneveld & Voogt, 2009). Calcium is crucial at this stage to prevent

physiological disorders like blossom-end rot.

During the fruit development and ripening stages, potassium requirements peak,
as it regulates sugar transport, fruit size, and color development. Magnesium supports
chlorophyll in remaining leaves and influences sugar accumulation in fruits. Boron (B)
and calcium continue to support cell integrity and fruit firmness (Hartz and al., 1999).
Tailoring fertilization according to these phenological stages improves both yield and

fruit quality while reducing environmental impact.

(6]
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5. Constraints Due to Improper Mineral Fertilization in Tomato Cultivation

Improper mineral fertilization in tomato cultivation can lead to a wide array of
physiological disorders, reduced yield, and lower fruit quality. An excess of nitrogen
(N) often stimulates excessive vegetative growth at the expense of flowering and
fruiting, increasing susceptibility to pests and diseases such as powdery mildew and
late blight (Zotarelli and al., 2009). Conversely, nitrogen deficiency results in stunted

growth and pale leaves due to insufficient chlorophyll synthesis.
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Figure 5: Contrasting influences of sole chemical fertilizer vs. integrated
nutrient management on the nitrogen pools, mineralization, leaching, and
volatilization fluxes (Bhardwaj, 2023).

Phosphorus (P) deficiency during early growth limits root development and delays
flowering, while excess phosphorus can interfere with micronutrient uptake, particularly
zinc and iron (Alloway, 2008). Potassium (K), essential for water regulation and
enzyme activation, when deficient, causes poor fruit set, uneven ripening, and

increased vulnerability to abiotic stresses such as drought and salinity (Sonneveld &

(7]
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Voogt, 2009). Excessive potassium, on the other hand, may lead to imbalances with

magnesium and calcium uptake.

Deficiencies in calcium (Ca), particularly during fruit development, are closely
associated with blossom-end rot, a common physiological disorder in tomatoes. This
is often not due to a lack of calcium in the soil, but rather to impaired uptake caused
by irregular irrigation or excessive ammonium or potassium fertilization (Ho & White,
2005). Similarly, magnesium (Mg) deficiency leads to interveinal chlorosis in older
leaves, affecting photosynthetic activity.

The inappropriate use of mineral fertilizers not only compromises plant health but also
results in nutrient leaching, environmental pollution, and increased production costs.
Thus, a well-balanced and stage-specific nutrient management plan, based on soil and

tissue analyses, is essential for sustainable tomato production (Hartz and al., 1999).

6. Organic Fertilization as a Substitute for Inorganic Inputs in

Tomato Cultivation

The excessive reliance on inorganic fertilizers in tomato production has raised
concerns about soil degradation, environmental pollution, and reduced microbial
biodiversity. In response, organic fertilization has gained increasing attention as a
sustainable alternative (Diacono & Montemurro, 2010).

Several studies have shown that organic fertilizers can meet the nutrient

demands of tomato plants (Kumar and al., 2014).

Furthermore, combining organic amendments with biofertilizers (such as
Azospirillum, Bacillus, or Trichoderma) can boost nutrient uptake efficiency and plant
resistance to stress (Hashem and al., 2019). However, the nutrient release from
organic sources is often slower and less predictable than from synthetic fertilizers,
making timing and decomposition rate crucial for synchronizing nutrient availability

with crop demand.

While total substitution of mineral fertilizers may not always be feasible in intensive

systems, integrated nutrient management, combining organic and inorganic sources

(8]
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offers a balanced approach, enhancing sustainability while maintaining productivity

@

(Agegnehu and al., 2016).

Figure 6: Classification of organic and inorganic fertilizers (Liu et al.,
2010; Singh et al., 2020; Thakur, 2022; Vejan et al., 2021).

7. Organic Fertilization providing from Aquatic plants as a Sustainable

Alternative to Mineral Fertilizers in Tomato Production

The substitution of inorganic fertilizers with organic fertilizers, particularly those
derived from marine plants such as seaweeds, is increasingly recognized as a
sustainable practice in tomato production. Organic fertilizers improve soil structure,
microbial activity, and long-term fertility, while also reducing the risk of nutrient leaching
and environmental contamination associated with synthetic fertilizers (Agegnehu and
al., 2016).

(9l
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Figure 7: Aquatic fertilisation effect on plants (Abiddin, 2022)

Seaweed-based biostimulants, particularly extracts from Ascophyllum nodosum,
Ecklonia maxima, and Sargassum spp., are rich in macro- and micronutrients,
phytohormones, amino acids, and polysaccharides that enhance nutrient uptake and
improve plant resilience (Khan and al., 2009). When applied as soil amendments or
foliar sprays, these marine plant extracts have been shown to enhance root
development, stimulate flowering and fruit set, and improve fruit quality parameters
such as lycopene content and sugar accumulation (Sharma and al., 2014).

Moreover, organic inputs help mitigate abiotic stresses such as drought, salinity, and
temperature extremes by modulating antioxidant enzyme activity and osmoprotectant
accumulation in tomato plants (Gofii and al., 2016). The use of composted seaweed
and algae-based biofertilizers also contributes to carbon sequestration and soil health
restoration, particularly in degraded lands.

Although organic fertilizers generally release nutrients more slowly than mineral
fertilizers, their synergistic effects on soil biology and plant physiology make them a
key component of sustainable and integrated nutrient management in tomato farming

systems (Calvo and al., 2014).

[10]
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8. Agquatic biofertilizer

The application of effective marine species to promote vegetative growth. Rapid

decomposition in the growth substrate facilitated the release of macro- and
micronutrients and other organic compounds, which had a dual effect on growth
parameters. (Root and shoot length, surface area, fresh weight, dry weight, leaf mineral
content and chlorophyll). (Priolo and al., 2023).
The bioactive metabolites present in the biomass of marine species probably directly
benefited plant metabolism and physiology during the vegetative period, he SP-
amended substrate increased inorganic nutrient availability and substrate porosity,
which enhanced root system development, nutrient uptake and assimilation and
chlorophyll synthesis, and consequently benefited plant morphological attributes
(Priolo and al., 2023).

Exploited for agricultural applications since antiquity, they have considerably
stimulated the use of bio remedies such as aquatic species extracts in agriculture.
Liquid extracts of aquatic species are currently used for irrigation or foliar spraying
(Godlowska and al., 2016).

These extracts are easier and quicker to use as they limit the negative effects of
decomposing and formed marine species, whereas applying fresh marine species to
the soil usually requires a long decomposition wait. Liquid extracts of marine species
have also been shown to stimulate early tomato seed emergence and germination
rates, with a positive effect on vegetative growth, resulting in increased plant height,
number of branches and leaf yield (Makhaye and al., 2021).

[11]
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Figure 8: Possible effect of marine species ( Izabela and al., 2017)

8.1. The bioactive components of marine species

a. Polysaccharides :

Polysaccharides can be obtained from a number of sources, including aquatic
spaces, plants, bacteria, fungi, insects, crustaceans and animals. They can be
classified according to their structure, solubility, sources, applications and biological
roles (CHOUANA, 2017).

Polysaccharides represent a potential bioresource for the valorization and protection

of agricultural crops (Rachidi and al., 2020).

The improvement in tomato growth after PS treatment was accompanied by an
increase in its main components, such as nitrogen, enzymes, activities and protein
content. Photosynthesis, nitrate assimilation and basic metabolism were enhanced by
carboxylated or sulfated polysaccharides in similar studies (Castro and al., 2012). In
addition, basic metabolism and cycle-regulating cyclins were shown to be enhanced in
plants treated with oligo-carrageenan, resulting in an increase in nitrate uptake (Zhu
and al., 2017).

[12]
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Figure 9: Key mechanisms targeted by marines’ polysaccharides (Chanda and
al., 2019).

The main advantages of using polysaccharides or any other marine’s species source
biomolecule are: production takes place throughout the year, biomass harvest does
not depend on climatic conditions or seasons, growth is fast, and cultivation is relatively

simple compared to higher plants (Silvello, and al., 2022)

Besides, marine species-based carbohydrates are easily saccharified and require
less treatment than other sources, being highly competitive for many applications
(Chen and al., 2013). Marines’ species polysaccharides have advantages over other
polysaccharides sources (terrestrial plants, crustaceans, squid pens, or fungal cell
walls), such as safety, stability, biocompatibility, and biodegradability (Morais and al.,
2021).

b. Polyphenols

Phenolics are among the most numerous and important bioactive compounds
synthesized by marines species. They are produced for protection against various
abiotic and biotic stress such as ultraviolet radiation, extreme temperature, salinity,
pathogenic infection, and herbivory (Jimenez-Lopez and al., 2021). The use of
Polyphenols had an overall positive effect on plant growth, especially at the root level

and in saline soils. It also increased the average content of photosynthetic pigments

[13]
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(chlorophyll a and b and carotenoids), indicating an improvement in photosynthesis.
Furthermore,Polyphenols appeared to partially inhibit the uptake of toxic ions, Na+ and
Cl-, by roots and to some extent enhance the accumulation of K+ and Ca2+

(Zuzunaga-Rosas and al., 2022).
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Figure 10 : Classification of the main phenolic compounds in marines

species (Aina and al., 2022)

Marines phenolics have a basic structure of a hydroxy group attached to an aromatic
ring. They are categorized by the number of carbon atoms and benzene rings in a
compound as well as their solubility. Phenolic compounds with a phenol ring, such as
phenolic acids and phloroglucinol, are classified as simple phenolic compounds,
whereas those with multiple phenols, such as phlorotannin, are classified as
polyphenols ( Cotas and al., 2020) The different type of phenolic compounds in

marines species are found are further illustrated in figure 9

c. Pigments
Plant pigments are substances that control different processes during development,
growth, and metabolism (Sudhakar and al., 2016). Pigments can be grouped into two
main groups, lipid-soluble and water-soluble. The first can be divided into chlorophylls
(Chls) and carotenoids and the second into flavonoids and betalins.(Solovchenko and
al., 2019; Lopez-Cruz and al., 2023; Rodriguez-Mena and al., 2023).
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Plant pigments are involved in many biological functions, such as plant development
, growth and metabolism. As plants age, they acquire the necessary pigments in
response to the environment and self-programming for reproductive success. They are

what give plants their specific color (Barrera-Rojas and al., 2025).
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Figure 11: Basic chemical structures of plant and marine pigments (Linares
and Rojas, 2022)

d. Sterols:

Phytosterols, or plant sterols, are lipid compounds found in plants. Phytosterols
play an important role in plant cell membranes, where they contribute to structure
and function in much the same way as cholesterol does in the human body
(Dynveo, 2024). Researchers claim that “phytosterols and their esters may play a
role in water stress tolerance by strengthening cell membranes (Sujith Kumar and
al., 2018). This is consistent with the observation that “one of the most important
manifestations of stress in plants is the disintegration of the plasma membrane
(Sujith Kumar and al., 2018)

Sterols are necessary for the control of cell membranes (Pereira and al., 2017).
They are involved in membrane homeostasis maintenance in plant cells, in which
they are expected to contrib ute to developing plant stress tolerances, particularly
for abiotic stresses such as cold, heat, radiation of UV, drought and salinity
(Rogowska & Szakiel, 2020). Sterols can influence the membrane physical status

[15]
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during the stress conditions occur, by changing the total content of sterols and the
profile variations, specifically the composition ratios of sterols molecular species

such as stigmasterol and sitosterol (Rogowska & Szakiel, 2020).

Diminution de
l'évapotranspiration

Les phytostérols 2 Croissance &
rentrent dans la racinaire Y 2l N
plante et induisent 78 (B

des réponses

Figure 12 : Role of phytosterols (Anonyme, 2023)

e. Terpene:

Terpenes are organic compounds naturally present in plants and fruit, responsible
for their aroma. They are known not only for their pleasant aroma but also for
helping plants defend themselves (Ramadoss and al.,2023). Here are just a few of
their benefits for plants:

Terpenoids have toxic and insect repellent effects and are also known to mediate
interactions between plants and insects, such as pollinators and predators and

parasitoids and herbivores, due to their odor. (Ramadoss and al.,2023).

They also act as attractants for predators or parasites, making them an effective
indirect defense against herbivores. Some terpenoids act as attractants for
herbivores, and this property can be exploited in pest control strategies to
deliberately lure herbivores into traps. Genetically modified plants. Overexpressed
attractants can effectively lure herbivores into traps preventing them from escaping
(Ramadoss and al.,2023).

[16]
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Figure 13: Role of Terpenes in Defense and Stress Response Mechanisms
(Anonyme, 2024.)

f. Others:

- Plant growth hormones:

Plant growth hormones, which can be found in marine species, are bioactive
chemicals that control plant growth and production. Phytohormone activity determines
the physiological effects of marine extracts on treated plants (Nedumaran and al.,
2015) . Some of the phytohormones detected in marine extract include auxins,
cytokinins and gibberellins (Ali and al., 2021)

Auxin is one of the plant growth-promoting hormones present in marine extract,
playing a role in enhancing a plant's root system by improving root elongation and
formation (Abbes and al., 2020) . Auxin concentration in these species is different and
highly dependent on the species. Auxins have been implicated in promoting initiation
of lateral root primordium, development of formed lateral roots and elongation of
primary roots (Wally and al., 2013) . It has also been reported that auxin can help

regulate plant defense (Islam and al., 2020)

[17]



Literature Review

- Minerals :
Marines species are rich in minerals due to the bioaccumulation of metal ions found
in the sea water and concentrates the accumulated components as carbonate salts
(Azizi and al., 2021). It has been shown to be a significant source of essential nutrients

for plant development in previous studies (Sekar and al., 2018).

- Polyun-saturated Fetty Acides (PUFAS):

Polyunsaturated Fetty acids are the other importance bioactive compounds in the
marine’s species. Due to their metabolic connections, PUFAs may be divided into two
families: a-linolenic acid (n-3 fatty acid) and linoleic acid (n-6 fatty acid) (Holdt and
Kraan, 2011). PUFAs are involved in developing environmental stress tolerance. They
act as general de fenders for plants against various abiotic and biotic stresses including
infection of pathogens, cold, drought and salinity stresses (He and Ding, 2020). For
example, the accumulation of PUFAs is induced by the seaweed when a decrease in
temperature occurs, as a reaction to develop cold stress tolerance. Hence, PUFAs
content in the species that lives in cold areas is higher than the species that live in a
high environmental temperature (Holdt and Kraan, 2011).

- Betaines:

Betaines are N-methylated compounds which act as nitrogen source for plants, when
applied in low concentration and work as an osmolyte at higher temperature. They are
also involved in protecting plants from drought stress, glycine betaine which is an
osmo-protectant compound will accumulate in plants under the drought stress (Shemi
and al., 2021).

[18]
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Figure 14 : Different bioactive components of marine species (Holdt and Kraan,
2011)

Furthermore, it has been observed that glycine betaine helps in the detoxification of
reactive oxygen species (ROS), allowing photosynthesis to recover and reducing
oxidative damage. Glycine betaine alleviates the oxidative stress damaging effects by
the stabilization or activation of ROS-scavenging enzymes and/or the repression of

ROS production by other mechanisms (Hasamuzzaman and al., 2019).

This compound also helps in increasing the content of chlorophyll in leaves by reducing

its degradation, hence results in the enhancement of plant yield (Chojnack, 2

[19]
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Chapter Il : Material and Method

1. Objectif

The objective of this study is to investigate the impact of marine-derived
biofertilizers on the metabolic activity of Solanum lycopersicum L., a
horticultural crop of significant economic and culinary value. The study further
aims to evaluate their effects on vegetative growth stimulation, reproductive
performance, and phytosanitary status under semi-controlled greenhouse

conditions.

2. Description of the Experimental Site

Our work was carried out in the teaching greenhouse of the Biotechnology
and Plant Production research laboratory, and also in the Applied Phyto
pharmacy 109 laboratory of the Biotechnology and Agroecology Department,
Faculty of Natural and Life Sciences, Saad Dahleb University, Blida, over a
period of 5 months (March - July).
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Figure 15: Location of the experimental greenhouse of the Plant Biotechnology
Laboratory (Google Earth, 2025).
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3. Description of the Experimental Setup

plant Material:
The plant material used consists of the following species:
v Variety: Solanum lycopersicum L., F1 hybrid (young tomato plants)
* Fruit Shape: Round to slightly oblong
* Color: Bright red when fully ripe
* Texture: Smooth and firm skin
* Flavor: Mildly sweet with balanced acidity

» Growth Habit: Vigorous plant with high productivity

These plants were provided from a nursery in Fouka-Tipaza, only vigorous,
healthy seedlings of uniform size were retained for use in the experimental

setup.

4. Monitoring of the crop development under greenhouse conditions

The experimental period was selected to encompass all phenological stages
of the tomato plant, ensuring the development of the maximum number of floral
clusters and the achievement of a sufficient fruit yield. The experiment was
conducted over a four-month period, from March to June 2025.

4.1. Transplantation Method

Tomato seedlings were transplanted into plastic pots (3.5 kg). Each pot was
prepared with two cups of fine gravel at the bottom to ensure good drainage,
then filled with 2.5 kg of soil. We left them in the greenhouse for 10 days to
adapt, then started applying the treatments.

[21]
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Figure 16: Plant device (Original, 2025).

4.2. Block Design and Plot Arrangement

The system used was a block design with 35 replicates. The trial consisted of
8 blocks. Each block covered an area of 18 m? (dimensions: 6mx 3m). The
distance between blocks was 90 cm, and the distance between plots within a

block was 46 cm.

(22]
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Figure 17 : Experimental layout plan (Original, 2025).
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General Conclusion

This study was carried out to assess the effects of organic bioproducts based
on marine species on the vegetative development, reproductive traits and
physiological state of Tomato (Solanum lycopersicum), a crop known for its

economic value and its importance in food security.

The experiment was carried out in the departmental teaching greenhouse over
a period of around two and a half months, from mid-February to the end of June
2025, at the University of Blida.

The results showed that the different treatments had variable effects depending

on the parameters observed.

The results showed variable effects depending on the parameters studied. The
AVF, DF and M treatments stood out for their overall effectiveness, improving
vegetative growth, flowering, productivity and physiological responses in
tomato plants. SYN, AV and D, on the other hand, mainly promoted vegetative

growth, with more limited effects on other developmental components.

From a physiological point of view, the bioproducts tested in this study showed
the ability to enhance key functions such as photosynthesis. These effects
probably result from the presence of bioactive compounds naturally present in

marine species, including amino acids, phytohormones and enzymes.

[24]
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