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General introduction

General introduction

Plants are the main source of essential nutrients for humans, providing vital macro and
micronutrients either directly or indirectly through the food chain. Through photosynthesis, they
convert soil nutrients into complex organic compounds like proteins, vitamins, and minerals,
essential for human health. Key minerals such as iron, zinc, calcium, and potassium obtained
mainly from plant based foods support critical physiological functions, and their deficiency can

cause serious health issues (El Ramady & al., 2022).

For millions of years, plants and microbes have developed intricate relationships that
influence plant health, soil fertility, and overall ecosystem stability. These interactions vary
widely, ranging from mutualistic partnerships, where both organisms benefit, to parasitic
associations, where microbes exploit plant resources, often leading to stress or disease.
Pathogenic microbes use various strategies to bypass plant defenses and establish infections,

ultimately disrupting normal physiological processes (Williams & al., 2024).

Plant diseases represent a significant threat to global agriculture, causing severe
economic damage and undermining food security. On a global scale, these diseases are
responsible for the loss of over 30% of crop yields annually, amounting to financial losses worth
hundreds of billions of dollars. They reduce both yield and product quality, impacting market
value and trade. Additionally, certain pathogens are known to produce toxic substances that
contaminate crops, further diminishing their value and posing serious health risks to both
humans and animals. To combat these losses, farmers are often forced to increase production
inputs such as pesticides and fertilizers, as well as allocate more labor, which significantly raises
overall costs. These rising expenses, combined with reduced income from lower-quality produce,
place immense pressure on farmers’ livelihoods. In the context of a growing global population
and increasing demand for food, the economic burden caused by plant diseases continues to
escalate, highlighting the urgent need for sustainable and effective disease management

strategies in agriculture (Gai & Wang, 2024).

Fungal pathogens are increasingly recognized as one of the most significant threats to
global agricultural systems, directly contributing to major crop losses and posing a serious

challenge to food security worldwide. For example, wheat rust causes $4.3 to $5 billion in global
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General introduction

losses annually. The rise of fungicide-resistant strains and fungi adapting to new environments
complicates disease management, highlighting the need for integrated pest management and

sustainable control strategies (Belekar & al., 2024).

Fusarium 1s recognized as one of the most impactful fungal genera in agriculture,
primarily due to its ability to infect a wide range of economically important crops and produce a
variety of harmful mycotoxins. These toxins, such as trichothecenes, fumonisins, and
zearalenone, are often generated before harvest and contaminate cereal grains worldwide, posing
serious threats to food safety. The presence of these mycotoxins in food or feed can cause both
acute and chronic illnesses in humans and animals, including, in severe cases, death
(Ekwomadu & Mwanza, 2023). Fusarium (Figs. 1a, 1b), can spread through infected seeds,
soil, and plant residues, and environmental conditions such as water activity, temperature, light,
and timing of infection (particularly around flowering stages) play critical roles in their
successful colonization and the accumulation of harmful mycotoxins in plants tissus (Stepien,

2020).

Figure 1 : Symptoms of Fusarium on tomato (a) [1], and on wheat plant (b)[2].

Aspergillus niger (black mold), a filamentous ascomycete known for its rapid growth and
pH tolerance, is one of the most important cosmopolitan fungi associated with postharvest decay
of various substrates. This fungus causes characteristic black mold symptoms on onion bulbs

(Fig. 2), which are a common host for postharvest infection. This organism is a soil saprobe with
2
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a wide array of hydrolytic and oxidative enzymes involved in the breakdown of plant
lignocelluloses, and cause decay in a variety of organic substances, including fruits, vegetables,

beans, cereals, herbs, wood, ... (Gautam & al., 2011).

5367343

Figure 2 : Black mold caused by Aspergillus niger on onions [3].

Botrytis, is also one of the economically significant fungal taxa, especially due to its
impact on agriculture (Garfinkel, 2021). Botrytis cinerea (Fig. 3a, 3b), also known as grey
mould, is a necrotrophic fungus responsible for severe pre- and post-harvest diseases in more
than 200 plant species. It affects several economically important crops, including grapevine,
tomato, strawberry, cucumber, bulb flowers, cut flowers, and ornamental plants. By inducing
host cell death, the pathogen causes extensive damage to plant tissues, leading to significant

losses both in the field and during storage ( Van kan, 2006).

Figure 3 : Symptoms of Botrytis cinerea on strawberries (a)[4], and eggplant (b)[5].
3
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Septoria is a genus of plant pathogenic fungi that is widely distributed across various
regions and is frequently linked to leaf spots and stem cankers on a diverse range of plant
species. According to Fones & Gurr (2015), the pathogen responsible for Septoria tritici blotch
(STB) is one of the most destructive diseases affecting wheat. As illustrated in figure 4,
symptoms of STB on wheat typically manifest as necrotic lesions on leaves, often surrounded by
yellow haloes, significantly affecting photosynthesis and plant vitality. This plant pathogenic
fungus affects wheat globally and has the potential to cause annual yield losses of up to 50% in

wheat-producing regions.

Figure 4 : Symptoms of Septoria tritici blotch (STB) on wheat leaves [6].

Fungal diseases are a major challenge in crop production, with fungicides being widely
used to control them. However, over-reliance on fungicides has led to resistance, reducing their
effectiveness and increasing dependence on them. Biological control options remain ineffective,
and while resistant cultivars exist, their resistance often breaks down. This highlights the
difficulty of moving away from chemical systems and the need for integrated approaches to

reduce environmental impact and rethink crop protection strategies (Finger & al., 2024).

The overuse of synthetic pesticides in agriculture has also led to serious environmental,
health, and ecological concerns, including soil and water contamination, and negative effects on
non-target organisms. As a result, there is a growing need for sustainable pesticides and

alternative strategies to manage plant diseases more responsibly. Natural products, particularly
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essential oils and plant-derived compounds, offer a promising solution due to their
biodegradability, low toxicity, and broad-spectrum antimicrobial activities. These alternatives
are not only effective against a range of plant pathogens but also align with integrated pest
management (IPM) approaches that prioritize ecological balance and long-term sustainability in

agriculture (Isman, 2020).

Medicinal and aromatic plants hold great significance primarily due to their content of
plant secondary metabolites. These include essential oils, alkaloids, glycosides, saponins, tan-
nins, vitamins, and various other bioactive compounds. Unlike primary metabolites, which are
directly involved in fundamental physiological processes such as photosynthesis and respiration
that contribute to the growth and development of plants, secondary metabolites serve different
functions. They play essential ecological and physiological roles, often related to plant defense
mechanisms against pathogens, herbivores, and environmental stress. These compounds are also
responsible for the pharmacological and therapeutic effects that make medicinal and aromatic
plants valuable in both traditional healing systems and modern pharmaceutical research (Zhel-

jazkov & Craker (2016) in Zheljazkov & Cantrell, 2016).

Essential oils are volatile, natural, complex compounds, produced by aromatic plants,
predominantly found in temperate to tropical regions such as the Mediterranean, where they hold
a significant place in traditional pharmacopoeia. They are characterized by a strong odour and
are formed by aromatic plants as secondary metabolites. They are usually obtained by steam or
hydro-distillation first developed in the Middle Ages by Arabs, play a vital role in nature as part
of plant defense mechanisms, exhibiting antibacterial, antiviral, antifungal, insecticidal, and anti-
herbivore activities.. Essential oils are typically liquid, clear, sometimes slightly colored, lipid-
soluble, and miscible with organic solvents, with a density generally lower than that of water.
They can be synthesized in various plant organs including buds, flowers, leaves, stems, seeds,
fruits, roots, and bark, and are stored in specialized structures such as secretory cells, glandular

trichomes, or epidermal tissues (Bakkali et al., 2008).

According to Benarba & Meddah (2020), Algeria's diverse ecosystems, ranging from
Mediterranean coastlines to Saharan deserts, contribute to its rich biodiversity, making it a

significant reservoir of medicinal and aromatic plants. The country's varied climates and terrains
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support a wide array of flora, many of which have been traditionally used in folk medicine.
Notably, species such as Pistacia lentiscus (mastic tree), Lavandula spp. (lavender), and Ruta
spp. (rue) are indigenous to Algeria and have been traditionally utilized for their therapeutic

properties.

Pistacia lentiscus (Fig. 5), commonly known as the mastic tree, is a Mediterranean shrub
renowned for its rich phytochemical profile and notable antimicrobial properties. Recent studies
have highlighted that methanolic extracts from various parts of the plant, particularly the leaves,
are abundant in phenolic acids and flavonoids. These compounds contribute significantly to the
plant's biological activities. High-performance liquid chromatography (HPLC) analyses have
revealed that leaf extracts possess higher concentrations of these bioactive compounds compared
to stem and root extracts. In terms of antimicrobial efficacy, methanolic extracts have
demonstrated superior activity over aqueous extracts, exhibiting inhibitory effects against a
broad spectrum of bacterial strains, including both Gram-positive and Gram-negative bacteria.
Moreover, these extracts have shown pronounced antifungal activity against species such as
Aspergillus niger, Aspergillus flavus, and the yeast Candida albicans. The observed
antimicrobial and antifungal activities underscore the potential of Pistacia lentiscus as a natural

source for developing therapeutic agents and food preservatives (Al-Zaben & al., 2023).

© WildFlowersProvenece.fr

Figure 5 : The mastic tree « Pistacia lentiscus » |[7].
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Lavender (Lavandula spp.), a prominent member of the Lamiaceae family, is renowned
for its aromatic properties and diverse applications in traditional medicine, cosmetics, and
agriculture. The essential oils extracted from lavender, are rich in bioactive compounds such as
linalool and linalyl acetate, which contribute to their notable antimicrobial activities (Cavanagh
& Wilkinson, 2005). Lavender essential oils have long been utilized in complementary
medicine, cosmetic products, and as food additives due to their traditional reputation for

possessing strong antibacterial and antifungal properties (Park & al., 2019).

Lavandula stoechas (Fig. 6), commonly known as French lavender, is a Mediterranean
aromatic plant known for its essential oil, which exhibits various biological activities, including
antifungal properties. The essential oil of L. stoechas is rich in compounds such as camphor,
fenchone, and 1,8-cineole, which contribute to its antimicrobial efficacy. Recent studies have
shown that L. stoechas essential oil demonstrates significant inhibitory effects against
phytopathogenic fungi such as Fusarium spp., Botrytis cinerea, Septoria spp., and Aspergillus
niger. Its broad-spectrum antifungal activity suggests its potential use as a natural alternative to

synthetic fungicides in agricultural and postharvest applications (El Abdali & al., 2022).

Figure 6 : Lavandula stoechas [8].

Ruta, commonly known as rue, is a genus of aromatic, evergreen subshrubs in the
Rutaceae family, native to the Mediterranean region, Macaronesia, and southwest Asia. The
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most well-known species is Ruta graveolens, also known as common rue (Fig. 7). These plants
are characterized by their bluish-green, feathery leaves and yellow flowers. They are commonly
cultivated in herb gardens worldwide for their medicinal properties and tolerance to hot and dry
soil conditions. Traditionally, Ruta species have been used to treat various ailments, including

digestive disorders, menstrual disturbances, and as an abortifacient (Kannan & Babu, 2012).

Figure 7 : Rue « Ruta graveolens » [9].

Previous studies have highlighted that Ruta officinalis (Ruta graveolens), is a rich
source of bioactive constituents, including alkaloids, flavonoids, furanocoumarins, and essential
oils. These secondary metabolites are responsible for a wide range of biological properties, such
as antimicrobial, antifungal, antioxidant, and anti-inflammatory activities. The essential oil of R.
officinalis has particularly shown promising inhibitory effects against various pathogenic
microorganisms, making it a potential natural agent for pharmaceutical and agricultural

applications (Benmansour & al., 2016).

Kannan & Babu (2012) reported that, the genus Ruta has 14 accepted species, and
among them R. graveolens L. and R. chalepensis L. . Ruta graveolens is cultivated as a
medicinal and ornamental herb in many countries. The ancient Greeks and Romans, held the
plant in high esteem. It is a well known remedy for the treatment of various types of disorders as

reported in various classical texts of Ayurveda, Homoeopathy and Unani. More than 120 natural
8



General introduction

compounds mainly including acridone, alkaloids, coumarins, essential oils, flavonoides, and
fluoroquinolones have been found in the roots and aerial parts and various traditional uses and

pharmacological properties are reviewed.

The exploration of essential oils derived from Mediterranean plants as natural pesticides
has gained significant attention due to their potent antimicrobial and antifungal properties. This
study investigates the yield and antifungal activity of essential oils and hydrosols extracted from
the aerial parts of three aromatic plants, Pistacia lentiscus, Lavandula stoechas, and Ruta
graveolens grown in the Guelma region of northeastern Algeria. The essential oils and hydrosols
were tested against four plant pathogenic fungi: Zymoseptoria tritici, Botrytis cinerea,
Aspergillus niger and Fusarium graminearum. The aim is to explore the potential of these
natural products as botanical pesticides, offering an environmentally friendly alternative to

synthetic chemicals by minimizing their harmful effects on non-target organisms and human

health.






Chapter 1 : Material and methods

Chapter 1 : Material and methods
This study aims to assess the yields and antifungal properties of essential oils extracted
from selected medicinal and aromatic plants grown in the Guelma region, located in Northeast

Algeria by the determination of :

¢ Essential oil’s (EOs) yield.

% EOs and Hydrosols characteristics.

¢ Antifungal activity of EOs and Hydrosols of the studied plants on plant pathogenic
fungi.

1.1. Plant material
Our work focused on the aerial parts (leaves, fruits and flowers) of three species of aro-
matic and medicinal plants (Tab. 1) :
v' The mastic tree (Pistacia lentiscus ).
v Lavender (Lavandula stoechas).

v" Rue (Ruta graveolens ).

Table 1: The origin and characters of plants used.

Species Family Location Date of Parts used
collection
Pistacia lentiscus Anacardiaceae | Houara (Guelma) December | Fruits
Altitude 36°53°21° North 2024

Longitude 7°58°41 East

Lavandula stoechas | Lamiaceae Maouna (Guelma) May 2024 | Leaves and floral
Altitude 36°22°07 “North Summits
Longitude7°23°30.0“East

Ruta graveolens Rutaceae Guelma (University) April 2025 | Leaves
Altitude 36°45°07 “North
Longitude7°41°34.0“East
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The plant species were chosen based on several criteria:

e Their longstanding use in traditional medicine, particularly in the preparation of herbal
teas and other products for treating microbial diseases and infections in humans.

e Their abundant availability as natural botanical resources throughout the country, with a
focus on eastern Algeria.

e The limited research available on the biopesticidal properties of their essential oils, es-

pecially regarding their antifungal activity.

1.1.1. Presentation of Guelma region, origin of plant material

Guelma is located in the northeastern region of Algeria at coordinates 36°27°43”N and
7°25°33”E, with an elevation of approximately 305 meters above sea level. The region is charac-
terized by a diverse topography that includes significant forest coverage and is traversed by the
Seybouse River, the main hydrological feature in the area.The climate varies across the Wilaya:
the central and northern areas experience a sub-humid Mediterranean climate, while the southern
parts are classified as semi-arid. Winters are generally mild and rainy, whereas summers tend to
be warm. Average temperatures range from 4°C in colder months to 35°C in the hottest periods,

with extremes rarely dipping below 0°C or exceeding 39°C [10].

1.1.2. Samples treatment

After collection, the plants were carefully cleaned and air-dried in a well-ventilated
area at room temperature for a period ranging from 7 to 20 days, depending on the species. Once
fully dried, the relevant parts were separated from the rest of the plant, and stored in clean bags

until further use.

1.1.3. Extraction of essential oils
Essential oils (EOs) were extracted by hydrodistillation using a Clevenger type appa-
ratus (Fig. 8) at the laboratories of the Faculty of Natural and Life Sciences and Earth and Uni-

verse Sciences of 8th May 1945 University of Guelma.
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Figure 8: Clevenger apparatus used for essential oils extraction

Hydrodistillation is a classical technique employed for extracting essential oils from plant
materials, particularly those sensitive to direct steam. In this method, plant material is fully im-
mersed in water, which is then heated to produce steam. The steam carries the volatile com-
pounds from the plant, which are subsequently condensed and separated to yield the essential oil.
This process is advantageous for delicate flowers, such as rose and neroli, as it prevents potential

damage that might occur with direct steam distillation (Katekar & al., 2023).

The method results in two layers - an aqueous layer and an oil-rich layer. The oil can then
be further separated (Fagbemi & al., 2021). The aqueous layer is concerned as « Hydrosol » in
this study.

1.1.4. Preservation of the essential oils obtained and hydrosols

The essential oils and hydrosols extracted from the various plant species used in
this study were collected separately in clean, sterile containers. Essential oils were stored in a
cool, dark place (congener), while hydrosols were kept in a freezer to preserve their properties.
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1.1.5. Determination of yield’s essential oils

Essential oil yield represents the amount of oil obtained from a specific quantity of dried

plant material. It is usually expressed as a percentage and determined using the following

formula:

YEO (%) = (Mass of extracted essential oil / Mass of dried plant material) x 100

YEO (%) : Essential oil yield (in percentage).

1.2. Fungal material
The study is focused on four plant pathogenic fungi species:

e Zymoseptoria tritici, causal agent of Septoria tritici bloch of wheat (STB)
e Botrytis cinerea, causal agent of gray mold on tomato and many vegetables.
o Aspergillus niger, causal agent of black mold on onion.

e  Fusarium graminearum, wich affects wheat plants

1.2.1. Origins of fungi’s samples

Zymoseptoria tritici was isolated from common wheat leaves exhibiting symptoms of
Septoria tritici blotch, while Botrytis cinerea was obtained from infected tomato showing signs
of gray mold. Aspergillus niger and Fusarium graminearum had been previously isolated from

contaminated plant’s organs by Dr. Allioui N. and is maintained as part of the laboratory’s mi-

crobial collection.

1.2.2. Cultivation and preservation of strains

Fungal strains were grown on the nutrient medium PDA (Potato Dextrose Agar), incu-

bated for 07 days at 24°C, and subsequently kept at 4°C.
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1.3. Antifungal activity tests

1.3.1. Material and products used

The table 2 indicates the list of material and products used for the antifungal activity

tests.
Table 2 : List of material and products used for the antifungal activity tests.

N° Material Products

1 Incubator, set at 24 °C. Fungal strains.

2 Micro pipettes (2-20, 20-200 and 500 pL) + tips. | Physiological water solution.
3 Optical microscope. Ethanol.

4 Bunsen burner. Distilled water.

5 Parafilm. Tween 80.

6 Hot plate. Samples of EOs and Hydrosols.
7 Conical tube. Culture media : PDA.

8 Platinium loop. Sterilized distilled water.

9 Malassez cell.

10 | Precision balance.

11 Vortex.

12 | Wattman paper discs (6 mm of diameter).

13 | Pasteur Pipettes.

14 | Petri dishes (9 cm of diameter).

1.3.2. Preparation of spore suspensions

Spore suspensions of the various fungal strains were prepared from 7 day old cultures.

Spores were collected by gently scraping them into 15 mL sterile plastic conical tubes containing

a 0.9 % physiological saline solution supplemented with two drops of Tween 80. The spore con-

centrations were then adjusted according to values reported in the literature for each of the stu-

died pathogens.

— For Zymoseptoria tritici : a sporal concentration of 3x 10° spores/ mL (Perellé & al., 2013).

— For Botrytis cinerea : a sporal concentration of 10° spores/mL (Lian & al., 2017).
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— For Aspergillus niger : a sporal concentration of 10° spores/mL (Petrikkou & al., 2001).

— For Fusarium graminearum : a sporal concentration of 10° spores/mL (Remmal & al., 2014).

1.3.3. Fungal Strains-Essential Oils Susceptibility test

For testing the susceptibility of the studied fungal strains to essential oils, four volumes
of pure essential oils were used: 2.5 uL, 5 uL, 10 pL, 20 puL, and, along with a negative control
(0 puL) treated with sterilized distilled water.

The antifungal activity of essential oils (EOs) was evaluated using the disk diffusion
method. This direct confrontation technique involves the diffusion of EOs from 6 mm diameter
Wattman paper discs placed at the center of Petri dishes containing potato dextrose agar (PDA)
previously inoculated with the fungal strains (Khalili & al., 2012). A 500 pL spore suspension,
freshly prepared on the same day from an active culture, was evenly spread over the surface of
the PDA in each 90 mm Petri dish. After allowing the suspension to dry for a few minutes, a 6
mm Whatman paper disc was positioned in the center of each dish and impregnated with the

selected volume of EO. The inoculated plates were then incubated at 24°C.

Fungal growth inhibition was assessed by visually examining and measuring the diameter
of the clear zones around the EO-treated discs after 72 hours of incubation. Each EO volume was

tested in triplicate to ensure reproducibility of the results.

1.3.4. Fungal Strains-Hydrosol Susceptibility test
To assess the susceptibility of the fungal strain to hydrosol, three volumes of pure hydro-
sol were tested: 25 pL, 50 puL, and 100 pL, along with a negative control (0 pL) treated with ste-

rilized distilled water. Each volume was tested in triplicate to ensure consistency.

‘Well diffusion’ method (WD) it’s about using a 90 mm diameter Petri dishes containing
solidified PDA medium, a central well was created using a sterile Pasteur pipette. This well was
then filled with the selected volume of hydrosol (Magaldi & al, 2004). The plates were

subsequently incubated at 24°C, and the results were recorded after 72 hours of incubation.
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1.4. Data treatment and analysis

Microsoft Excel 2010 was used to process and analyze the obtained results, including
calculating average inhibition zone diameters, standard deviations and figures. The Minitab
software, version 2018, was used to perform an analysis of variance and Dunnett test on the

results obtained for the various strains and treatments.
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2.1. Yields of Essential oils (EO )

The essential oil yields from the studied plants, as shown in Figure 9, indicate that
Lavandula stoechas produced the highest yield (0.872 + 0.113%), followed by Ruta graveolens
with a yield of 0.297 £ 0.073%. In contrast, Pistacia lentiscus showed the lowest yield,
measuring 0.073 £ 0.017%.

Essential oil
yields (%)

1,2
LT
0,8
0,6
0,4
0,2

0 ‘ .

Lavandula  Ruta Pistacia
stoechas graveolens lentiscus

Plant species

Figure 9 : Yields of the essential oils of plants used in this study.

Comparing our results with those reported in the literature, we note that :

e For Lavandula stoechas:

The extracted yield of the essential oil from Lavandula stoechas’s leaves and
flowers is 0.872 £ 0.113%. This is considered nearly similar to the yield obtained by
Bouadjina & Louati (2024) for the same specie collected from Bouati mahmoud (W.
Guelma, Algeria) in April. They have recorded a yield of 0.882 + 0.12%. Zuzarte & al.
(2013), have obtained a yield of 0.7 % from aerial parts of the same specie, collected

from Sardinia (Italy), and using the same extraction method.

17



Chapter 2 : Results and discussion

On the other hand, our values (0.872 + 0.113%) are lower than those obtained by
Ozcan & al. (2018), using flowers of the same plant, from Konia provence (Turkey),
They obtained a yield of 2.9 %, but it is more important compared to that obtained by
Alami & al. (2016) using the leaves of the same plant, collected from two sites in

Morocco, by hydrodistillation. The authors achieved yields of 0.12 % and 0.45 %.

Angioni & al. (2006), have obtained a yield of 2.7 % (2004) and 3.1 % (2005)
from flowers of Lavandula stoechas collected in April from southern Sardinia (Italy),
extracted by hydrodistillation. The authors noticed a great seasonal variability in, yield,
chemical composition, and antifungal activity of Lavandula stoechas L. ssp. stoechas

essential oils from stem/leaves and flowers.

For Ruta graveolens:

The obtained yield of the essential oil from Ruta graveolens’s leaves (0.297 +
0.073%), is considered similar to that obtained by Attia & al. (2018), the authors have
recorded a yields of EOs of 0.366 and 0.215% v/w for leaves and flowers, respectively.

Jaradat (2016) have compared two mains of extraction methods (Hydrodistillation
and microwave accelered distillation method), of two Ruta species (R. graveolens and R.
chalepensis), collected from Palestine, and has obtained an important yield of essential
oil compared to our results. The recorded values were, 2.2% yield in Ruta graveolens and
approximately 1.8% yield of the volatile oils in Ruta chalepensis on a dry weight basis,
by microwave accelered distillation method, and in the same time the yield was
approximately 1.2% in Ruta graveolens while was 0.6% yield of the volatile oils in Ruta

chalepensis by using hydrodistillation method.

In this previous study, the author has concluded that the isolation of the volatile
oils from R. graveolens and R. chalepensis by microwave assisted extraction is more
efficient in time cost and yield rather than hydrodistillation ; also the results showed that
the best economical source for Rue oil is R. graveolens for food, cosmeceuticals and

pharmaceutical industries.
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e For Pistacia lentiscus :
The average yield obtained on the basis of three successive extractions was 0.073 +
0.017%. Essential oil yield obtained for this specie collected from Guelma in 2024, is less than
those reported for the same specie collected from Oran by Mizi & al. (2021) which is 1.26%.

Gardeli & al. (2008) have obtained variable essencial oil yield in leaves of Pistacia
lentiscus collected from a Greek island according to the stage plant. They have recorded 0.30 %
in samples collected before flowering (February) and flowering (May), and 0.28 % in fruiting
stage (August).

A value of 0.1 9 £0.08 % have recorded by Hajji-Hedfi & al. (2024), from leaves of P.

lentiscus, collected from the Kairouan region in the Center East of Tunisia.

Dlih Boudiaf & al. (2021) have obtained a yield of 0.0027 ml/100g, from aerial parts of
P. lentiscus collected from Collo (W. Skikda, Algeria) on May-September 2018.

An oil yield of 0.14 % was obtained by Amhamdi & al., (2009), from leaves collected
from eastern Morocco. The oil yield of P. lentiscus L. seems to depend on the nature of parts of

plants used for extraction and also on the mode of extraction.

Variance analysis (Tab. 3) has shown very highly significant differences between oil’s

yields from the different species.

Table 3 : Results of variance analysis of EO’s yields

Sources DF Adj SS Adj MS F-Value P-Value
Yields 2 1,01852 0,509260 55,86 0,000 ***
Error 6 0,05470 0,009116

Total 8 1,07322

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’s F .

P : Likelihood of highlighting significant difference .
*#% p<0,001 : Very highly significant difference
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2.2. Organoleptic properties of the essential oils

The quality of an essential oil (EO) is influenced by several factors, including its
appearance, color, and scent. These organoleptic properties notably, those detected through the
senses, serve as important indicators of the oil's overall quality. Characteristics of the oils

obtained in this study are indicated in table 4.

Table 4 : Organoleptic properties of essential oils extracted in this study

Origin of EOs Color Smell Aspect
Lavandula stoechas yellowish Strong smell Liquid
Ruta graveolens Light yellow Fresh strong smell Liquid
Pistacia lentiscus Pale yellow Strong smell Liquid

Gardeli & al., (2008) have obtained a yellow essential oil for P. lentiscus L. Dlih
Boudiaf & al. (2021), have obtained yellow oil with a characteristic pungent odour, from aerial

parts of P. lentiscus collected from Collo (W. Skikda, Algeria) on May- September 2018.

A dark -yellow color, liquid and limpid aspect, strong, spicy favor smell, a pH of 4.29 +
0.011, a density of 0.877+0.005 and acid index of 1.87 =+ 0.005, have obtained by Hajji-Hedfi &
al. (2024) from leaves of this specie, collected from the Kairouan region in the Center East of

Tunisia.

Amara & al. (2019) have obtained the same characteristics for Pistacia lentiscus
essentiel oil extracted from fruits, collected in november from Tipaza (Algeria), and they

confirmed that are similar to those described by AFNOR.
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2.3. Antifungal activity results
2.3.1. Antifungal activity of EOs
2.3.1.1. Effects of essential oils on the growth of Aspergillus niger
Figure 10 presents the effects of the different EOs on the growth of Aspergillus

niger.
6 - - -
Inhibition zone W Pistacia lentiscus
diameters (cm) _ ® Lavandula stoechas
S | ® Ruta graveolens
4 |
3
2
| ﬁ
0
10 ul 20 nl
Essential oils volumes (ul)

Figure 10 : Diameters of growth inhibition zones of Aspergillus niger versus the three essential

oils (P. lentiscus, L. stoechas and R. graveolens).

Comparing the average inhibition zone values for Aspergillus niger, we can see, that, at
20 uL EO of R. graveolens has the highest average inhibition zone with a value of 4.833 + 0.288
cm. L. stoechas has the second-highest average inhibition zone with 2.566 + 0.273 cm, while P.

lentiscus has the lowest average inhibition zone with 2.533 £ 0.5773 cm.

When considering the recorded values for Aspergillus niger, R. graveolens have higher

inhibition zone diameter comparing to P. lentiscus and L. stoechas. At all tested volumes.

Kannan & Babu (2012) reported that, Ruta graveolens is rich in bioactives molecules,

and more than 120 natural compounds mainly including acridone, alkaloids, coumarins, essential
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oils, flavonoides, and fluoroquinolones have been found in the roots and aerial parts, and various

traditional uses and pharmacological properties are reviewed for this specie.

Kengar and Paratkar (2014), have analyzed the methanolic extract and oil of leaves of
R. graveloens L. for antifungal activity against the pathogenic fungal strains of Candida
albicans, Cryptococcus neoformans, and Aspergillus niger, using agar well method. The degree
of antifungal activity was measured in terms of zone of inhibition. Methanolic extract showed
varying degrees of antifungal activity on the tested fungal strains. It was found that 4. niger was
more susceptible than C. albicans. The Methanolic extract at higher concentration of 100pul
showed 26 mm zone of inhibition in 4. niger. However, in case of essential oil, the C. albicans
was more susceptible than the other two fungal species. The maximum zone of inhibition (26
mm) was recorded in C. albicans at higher concentration of oil (100 pl). The research findings
supports the traditional usage of R. graveolens L. leaves extract and essential oils which possess
compounds with antifungal properties that can be used for development in new useful drugs and

compounds as antifungal agents for the treating infectious diseases.

Kengar and Paratkar (2014), have tested the antifungal activity of the essential oil of
R. graveolens L. on Aspergillus niger by the agar well diffusion method, and they have recorded
an inhibition zone of 15 mm at 100 pl/ ml. Also, the autors have reported that, the ethyl acetate
extract of Ruta graveolens leaves, shown fungicidal activity against several agriculturally
important pathogenic fungi like Colletotichum fragariae, C. gloeosporioides, C. acutatum,

Botrytis cineara and Fusarium oxysporium.

Mezni & al., (2015) have evaluate the antifungal activity of Pistacia lentiscus extracts

against Aspergillus niger and have shown an inhibition zones of 9.33 mm.

In a study assessing the antimicrobial activity of Lavandula officinalis (closely related to
L. stoechas) essential oil against various pathogens, including Aspergillus niger, it was found
that the oil exhibited high antimicrobial activity against Aspergillus niger with an inhibition

zones of 10.7 mm (Maghnia, 2023).

22



Chapter 2 : Results and discussion

Variance analysis has shown very high significant differences between volumes for
Aspergillus niger versus L. stoechas EO (Tab. 5), Aspergillus niger versus P. lentiscus

EO (Tab. 6) and Aspergillus niger versus R. graveolens EO (Tab. 7).

Table 5: Results of variance analysis of Aspergillus niger versus L. stoechas EO

Sources DF Adj SS Adj MS F-Value P-Value
Volumes 4 13,0223 3,25558 64,47 0,000%**
Error 10 0,5050 0,05050

Total 14 13,5273

DF : Degrees of freedom.
SS : Sum of gap squares.
MS : Mean square.

F : Observed value of Fisher’s F .
P : Likelihood of highlighting significant difference .
**% p<0,001 : Very highly significant difference.

Table 6 : Results of variance analysis of Aspergillus niger versus P. lentiscus EO
Sources DF | Adj SS Adj MS F-Value P-Value
Volumes 4 11,157 2,7893 26,31 0,000 ***
Error 10 1,060 0,1060
Total 14 | 12,217

DF : Degrees of freedom.
SS : Sum of gap squares.
MS : Mean square.

F : Observed value of Fisher’s F .
P : Likelihood of highlighting significant difference .
*#% p<0,001 : Very highly significant difference.

Table 7: Results of variance analysis of Aspergillus niger versus R. graveolens EO

Sources DF | Adj SS Adj MS F-Value P-Value
Volumes 4 41,5177 10,3794 108,50 0,000%**
Error 10 | 0,9567 0,0957

Total 14 | 42,4743

DF : Degrees of freedom.
SS : Sum of gap squares.
MS : Mean square.

F : Observed value of Fisher’s F .
P : Likelihood of highlighting significant difference .
*#% p<0,001 : Very highly significant difference.
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Dunnett tests have also shown very high significant differences between control and

tested volumes for Aspergillus niger versus the Eos of the three plant species (Tab.8).

Table 8: Results of Dunnett tests of Aspergillus niger versus the three EO

Volume of EO / Onl 2,5ul Sul 10ul 20pl
Plants species
Lavandula stoechas | 00 1,5+0,1 2,083 +0,144 2,416 £ 0,381 2,566 + 0,275
(Means * ¢) Hkok skt *ok ok Hkk
Pistacia lentiscus 0+£0 0,8 +1,359 2,083+ 0,144 1,866 +£0,321 2,533+ 0,577
(Meansic) sksksk sksksk sksksk sksksk
Ruta graveolens 0+0 2,333 +£0,288 2,783 £0,202 4,083 £0,520 4,833 +£0,288
(Meansic) sksksk sksksk sksksk sksksk

*#% . Very highly significant differences (a=0,001)

2.3.1.2. Effect of essential oils on the growth of Botrytis cinerea

According to the results obtained in this study (Fig. 11) all oils tested have inhibited the

growth of Botrytis cinerea. L. stoechas and R. graveolens seem to have an important effect on

the growth of the fungus with all volumes. At 20 pL, a complete growth inhibition was observed

(an inhibition zone diameter of 9 = 0 cm) for R. graveolens and L. stoechas, and moderate effect

was observed for P. lentiscus, against this fungus (3.316 = 0.160 cm).

Inhibition
zone
diameters
(cm)
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=]
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25l Sl

10 pl

Essential oils volumes (ul)

20 ul

B Pistacia lentiscus
B Lavandula stoechas
Ruta graveolens

Figure 11 : Diameters of growth inhibition zones of Botrytis cinerea versus the three essential

oils (P. lentiscus, L. stoechas and R. graveolens).
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Soylu & al. (2010) have evaluated the antifungal activity of Lavandula stoechas essential

oil against Botrytis cinerea and have found satistactory results.

The inhibitory effects of essential oils of flowers of lavender (L. stoechas) were
determined against A. alternata, F. oxysporum and B. cinerea. 40 ppm dose of oil caused a
complete inhibition (100%) against mycelial growth of B. cinerea. The analysis showed that
lavender oil exhibited fungistatic activity at different levels depending on the doses (Ozcan &

al., 2018).

A study investigated the antifungal activity of Ruta graveolens essential oil against
Botrytis cinerea have demonstrate, that, the essential oil was also found to be active against
Botrytis cinerea, with a minimum inhibitory concentration (MIC) of 100-1100 pg/mL (Pereira
& al., 2021).

Allagui & al. (2024), have tested thirty EOs at 0.5 mg/mL, for in vitro growth inhibition
of the main postharvest fungi, which are Alternaria alternata, Botrytis cinerea, and Penicillium
italicum. They concluded that B. cinerea displayed the highest sensitivity to Eos than P. italicum
and A. alternata, and B. cinerea, mycelial growth was completely inhibited by Cinnamomum
verrum, Gautheria fragrantissima, Cymbopogon nardus, Pelargonium asperum, and Cupressus

sempervirens EOs.

Variance analysis has shown very high significant differences between volumes for
Botrytis cinerea versus L. stoechas EO (Tab. 9), Botrytis cinerea versus P. lentiscus
EO (Tab. 10) and significant difference between volumes for Botrytis cinerea versus R.

graveolens EO (Tab. 11).

Table 9: Results of variance analysis of Botrytis cinerea versus L. stoechas EO

Sources DF Adj SS Adj MS F-Value | P-Value
Volumes 4 220,331 55,0827 20656,00 | 0,000***
Error 10 0,027 0,0027

Total 14 220,357

DF : Degrees of freedom.
SS : Sum of gap squares.
MS : Mean square.

F : Observed value of Fisher’s F .

P : Likelihood of highlighting significant difference .
*#% p<0,001 : Very highly significant difference.

25




Chapter 2 : Results and discussion

Table 10: Results of variance analysis of Botrytis cinerea versus P. lentiscus EO

Sources | DF Adj SS Adj MS F-Value | P-Value
Volumes | 4 17,0043 4,25107 109,73 0,000%**
Error 10 0,3874 0,03874

Total 14 17,3917

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’s F .

P : Likelihood of highlighting significant difference .
*#% p<0,001 : Very highly significant difference.

Table 11: Results of variance analysis of Botrytis cinerea versus R. graveolensEO

Sources DF Adj SS Adj MS F-Value | P-Value
Volumes |4 194,400 48,600 * *

Error 10 0,000 0,0000

Total 14 194,400

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’sF .

P : Likelihood of highlighting significant difference .
* : significant difference.

Dunnett tests have also shown very high significant differences between control and
tested volumes for Botrytis cinerea versus the Eos of the three plant species, except for 2.5 uL of

Pistacia lentiscus where no significant differences were noticed (Tab.12).

Table 12: Results of Dunnett tests of Botrytis cinerea versus the three EO

Volume of EO / Onl 2,5ul Sul 10pl 20pl
Plants species
Lavandula stoechas 0+£0 | 2,766 +0,115 9+0 9+0 9+0
(Meansﬂ:c) skkosk skksk sksksk sksksk
Pistacia lentiscus 0+0 | 1,113+0,230 | 1,416+0,378 | 1,566 +0,115 | 3,316+ 0,160
(Meansi 6) NS sk skkosk skkosk
Ruta graveolens 0+0 9+0, 9+0, 9+0, 9+0
(Meansﬂ:c) skkosk skksk sksksk sksksk

NS : No significant differences (0=0,05)
*#% : Very highly significant differences (a=0,001)
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2.3.1.3. Effect of essential oils on the growth of Zymoseptoria tritici

Figure 12 show the results obtained for this fungus versus tested Eos.

Inhibition 10 B Pistacia lentiscus
zone 9 B Lavandula stoechas
diameters 3 Ruta graveolens
(cm)
7
6
5

T

S = N W R

Opl 25pl Spl 10pl 20pl
Essential oils volumes (ul)

Figure 12 : Diameters of growth inhibition zones of Zymoseptoria tritici versus the three
essential oils (P. lentiscus, L. stoechas and R. graveolens).

Comparing the average inhibition zone values for Zymoseptoria tritici (Fig. 12), we can
see, at 20 pL that EO of R. graveolens and, L. stoechas have the highest average inhibition zone
with a value of 9 = 0.000 cm. while P. lentiscus has the lowest average inhibition zone with

1.733 £0.0577 cm.

Bouadjina & Louati (2024), have evaluated the antifungal activity of Lavandula
stoechas subsp. pedunculata essential oil against Zymoseptoria tritici and obtained an average
inhibition zone at the volume of 40 pL with a value of 12.333 £ 0.577mm. At 5 pL, the

inhibition zone diameter was 8.333 + 0.577mm.

In the same study, the antifungal activity of Ruta montana (a specie closely related to
Ruta graveolens) essential oil against Zymoseptoria tritici was assessed: Comparing the average
inhibition zone values for Zymoseptoria tritici, we can observe that the volume of 40 pL of the
essential oil has the highest average inhibition zone with a value of 14 = 1 mm, and at 5 pL, the

inhibition zone was 9.666 = 0.577 mm.
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Our study have shown an important effect of R. graveolens EO against Z. tritici,
compared with R. montana EO used by Bouadjina & Louati (2024), and we have recorded an
antifungal activity at very low volumes, 2.5 pL (2,166 £ 0,288 cm), and at 20 uL we have
noticed a complete growth inhibition of this fungus (9.00 = 0,000 cm).

Variance analysis has shown very high significant differences between volumes for
Zymoseptoria tritici versus L. stoechas EO (Tab. 13), Zymoseptoria tritici versus P. lentiscus

EO (Tab. 14) and for Zymoseptoria tritici versus R. graveolens EO (Tab. 15).

Table 13: Results of variance analysis of Zymoseptoria tritici versus L. stoechas EO

Sources DF | Adj SS Adj MS F-Value | P-Value
Volumes 4 142,561 35,6402 2852,74 0,000%**
Error 10 | 0,125 0,0125

Total 14 | 142,686

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’s F .

P : Likelihood of highlighting significant difference .
**% p<0,001 : Very highly significant difference.

Table 14: Results of variance analysis of Zymoseptoria tritici versus P. lentiscus EO

Sources | DF | Adj SS Adj MS F-Value P-Value
Volumes | 4 4,86933 1,21733 608,67 0,000%**
Error 10 ] 0,02000 0,00200

Total 14 | 4,88933

DF : Degrees of freedom.
SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’s F .
P : Likelihood of highlighting significant difference .

*#% p<0,001 : Very highly significant difference.

Table 15: Results of variance analysis of Zymoseptoria tritici versus R. graveolens EO

Sources | DF | Adj SS Adj MS F-Value | P-Value
Volumes | 4 135,479 33,8698 728,38 0,000 ***
Error 10 | 0,465 0,0465

Total 14 135,944

DF : Degrees of freedom.
SS : Sum of gap squares.
MS : Mean square.
F : Observed value of Fisher’s F .
P : Likelihood of highlighting significant difference .

*#% p<0,001 : Very highly significant difference.
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Dunnett tests have also shown very high significant differences between control and

tested volumes for Zymoseptoria tritici versus the Eos of the three plant species (Tab.16).

Table 16: Results of Dunnett tests of Zymoseptoria tritici versus the three EO

Volume of EO / Onl 2,5ul Sul 10pl 20pl
Plants species
Lavandula stoechas | 0+0 1,633+ 0,115 2,166 £ 0,152 2,633 +0,115 9+0,0

(Meansiﬂ) skskok skeksk skeksk skeksk

Pistacia lentiscus 0+0 0,866 +£0,057 1+0 1,233 +£0,057 1,733 £ 0,057
(Meansic) sksksk sksksk sksksk sksksk

Ruta graveolens 0+0 2,166 £ 0,288 2,783 £0,256 4,166 + 0,288 9+0
(Meansic) skskok skeksk skeksk skeksk

*#% : Very highly significant differences (a=0,001)

2.3.1.4. Effect of essential oils on the growth of Fusarium graminearum

Figure 13 presents the effects of the different EOs on the growth of Fusarium graminearum

diameters (cm)

Inhibition zone 10

th & 1 & o

S = N W R

B Pistacia lentiscus

—

0 pl

25ul Spul

10pul 20 pl

Essential oils volumes (ul)

B Lavandula stoechas
Ruta graveolens

Figure 13 : Diameters of growth inhibition zones of Fusarium graminearum versus the three

essential oils (P. lentiscus, L. stoechas and R. graveolens).

From figure 13, it can be seen that R. graveolens had the highest average antifungal

antifungal activity against this fungus.
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Enayati & al. (2019), have evaluated the antifungal activity of Lavandula stoechas
essential oil against Fusarium graminearum and found that the micelial growth inhibition of L.
stoechas EO at 1000 pL/L concentration on F. graminearum was 66.7%. Specific data on the
antifungal activity of Ruta graveolens essential oil against Fusarium graminearum is limited.
However, a study on a related species, Ruta chalepensis, reported, that, at 200 pL/mL of Ruta
chalepensis L. oil, zone inhibition efficacy against microbial strains was demonstrated (Bouajaj

& al., 2014).

Harcarova & al. (2021) have tested six essential oils (Syzygium aromaticum,
Origanum vulgare, Thymus vulgaris, Hyssopus officinalis, Ocimum basilicum, Mpyristica
fragrans) against two strains of Fusarium graminearum. According to the results obtained, the
best antifungal activity against the both strains of Fusarium graminearum was demonstrated by
Origanum vulgare EO at the concentration 100 pg/mL. They concludes, that, in the protection of
plants against pathogenic fungi, essential oils appear to be a suitable substitute for synthetic
chemicals. Perczak & al. (2019) have also demonstrated that essentiels oils, affected the growth

of Fusarium graminearum.
Variance analysis has shown very high significant differences between volumes for

Fusarium graminearum versus L. stoechas EO (Tab. 17), Fusarium graminearum versus P.

lentiscus EO (Tab. 18) and for Fusarium graminearum versus R. graveolens EO (Tab. 19).

Table 17: Results of variance analysis of Fusarium graminearum versus L. stoechas EO

Sources DF Adj SS Adj MS F-Value P-Value
Volumes 4 105,787 26,4468 200,10 0,000%**
Error 10 1,322 0,1322

Total 14 107,109

DF : Degrees of freedom.
SS : Sum of gap squares.
MS : Mean square.

F : Observed value of Fisher’s F .

P : Likelihood of highlighting significant difference .
*#% p<0,001 : Very highly significant difference.
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Table 18: Results of variance analysis of Fusarium graminearum versus P. lentiscus EO

Sources DF Adj SS Adj MS | F-Value P-Value
Volumes 4 10,4110 2,60275 62,97 0,000%**
Error 10 0,4133 0,04133

Total 14 10,8243

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’s F .

P : Likelihood of highlighting significant difference .
*#% p<0,001 : Very highly significant difference.

Table 19: Results of variance analysis of Fusarium graminearum versus R. graveolens EO

Sources DF Adj SS Adj MS | F-Value | P-Value
Volumes 4 147,733 36,9333 590,93 0,000%**
Error 10 0,625 0,0625

Total 14 148,358

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’s F .

P : Likelihood of highlighting significant difference .
*#% p<0,001 : Very highly significant difference.

Dunnett tests have shown very high significant differences between tested volumes

and control for Fusarium graminearum versus the Eos of the three plant species exept for 2,5

ul volume of P. lentiscus where difference was no significant with the control (Tab.20).

Table 20: Results of Dunnett tests of Fusarium graminearum versus the threeEO

Volume of EO / Onl 2,5ul Sul 10pl 20ul
Plants species

Lavandula stoechas | 0 £0 | 1,533+0,305 | 2,333+0,577 | 2,933 +0,404 7,866 + 230

(Means + o) *k ok okok ook ek o
Pistacia lentiscus | 0 =0 0£0 1,466 + 0,152 1,7+ 0,141 1,9+ 0,360

(Means =+ o) NS ok Fkk sk
Ruta graveolens 0+0 | 4333+0,288 | 4,916+0,381 | 7,833 +£0,288 9+0

(Means =+ o) *k ok okok ook ek o

NS : No significant difference (a=0,05)
*#* . Very highly significant differences (0=0,001)
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2.3.2. Antifungal activity of hydrosols (Hd)
2.3.2.1. Effects of hydrosols on the growth of Aspergillus niger
Figure 14 show that hydrosols collected after distillation of R. graveolens and L.
stoechas have also affected growth of Aspergillus niger, especially for L. stoechas which an
average of inhibition zone diameter of 2.333 4+ 0.288 cm has been obtained at 100 pl of hydrosol.
However, for hydrosol of P. lentiscus, no inhibition zone has been observed at all tested volumes

of hydrosol except at 100 ul with a value of 0.7 + 1.359 for this fungus.

3 B Pistacia lentiscus
Inhibition m Lavandula stoechas
zone T Ruta graveolens
diameters 29
(cm)
2
1,5
1
0,5 —
0 1 1 1 1
0pl 25 nl S0 pnl 100 pl
Hydrosols volumes (ul)

Figure 14 : Diameters of growth inhibition zones of Aspergillus niger
versus the three hydrosols

Kengar and Paratkar (2014), have tested the antifungal activity of methanolic extract of
R. graveolens L. on Aspergillus niger by the agar well diffusion method, and they have recorded

an inhibition zone of 26 mm at 100 pl.
Pistacia lentiscus extracts showed greater inhibitory activity against the tested fungal

strains A. niger and A. flavus, and yeast C. albicans (Al-Zaben & al., 2023). According the

authors, these extracts can be used to treat antimicrobial infections and as food preservatives.
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Belabbes & al. (2017) have studied the chemical composition of the essential oils and
hydrosol extract from aerial parts of Calendula arvensis L. The intra-species variations of the
chemical compositions of essential oils from 18 Algerian sample locations were investigated
using statistical analysis. The study of the chemical variability of essential oils allowed the
discrimination of two main clusters confirming that there is a relation between the essential oil

compositions and the harvest locations.

In another hand, the authors have used different concentrations of essential oil and
hydrosol extract to test their antioxidant and antifungal activities, and the results showed that
hydrosol extract presented an interesting antioxidant activity. The in vitro antifungal activity of
hydrosol  extract produced the best antifungal inhibition against Penicillium
expansum and Aspergillus niger, while, essential oil was inhibitory at relatively higher
concentrations. Results showed that the treatments of pear fruits with essential oil and hydrosol
extract presented a very interesting protective activity on disease severity of pears caused

by P. expansum.

Variance analysis has shown very high significant differences between tested volumes for
Aspergillus niger versus L. stoechas Hydrosol (Tab. 21), high significant differences for
Aspergillus niger versus P. lentiscus Hydrosol (Tab. 22) and no significant defferences for

Aspergillus niger versus R. graveolens Hydrosol (Tab. 23).

Table 21: Results of variance analysis of Aspergillus niger versus L. stoechas Hydrosol

Sources DF Adj SS Adj MS F-Value P-Value
Volumes 3 9,3890 3,12965 37,46 0,000%**
Error 0,6683 0,08354

Total 11 10,0573

DF : Degrees of freedom.
SS : Sum of gap squares.
MS : Mean square.

F : Observed value of Fisher’s F .

P : Likelihood of highlighting significant difference .

*#% p<0,001 : Very highly significant difference.
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Sources DF | Adj SS Adj MS F-Value | P-Value
Volumes 3 1,0700 0,35667 9,95 0,004**
Error 0,2867 0,03583

Total 11 | 1,3567

DF : Degrees of freedom.
SS : Sum of gap squares.
MS : Mean square.

F : Observed value of Fisher’s F .

P : Likelihood of highlighting significant difference .
** p<0,01 : highly significant difference .

Table 23: Results of variance analysis of Aspergillus niger versus R. graveolens Hydrosol

Sources DF | Adj SS Adj MS F-Value P-Value
Volumes 3 1,47000 0,490000 NS
Error 0,00000 0,00000

Total 11 | 1,47000

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’sF .

P : Likelihood of highlighting significant difference .
NS : No significant difference (a=0,05).

Dunnett tests have shown very high significant differences between 50 pl and 100 pl
volumes and control for Aspergillus niger versus L. stoechas and R. graveolens, and 100 pl of
P. lentiscus hydrosols, and no significant differences between control and all other volumes of

hydrosols, of the all studied plant species (Tab.24).
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Table 24: Results of Dunnett tests of Aspergillus niger versus the three hydrosols

Volume of HD / Onl 25ul 50ul 100pul

Plantsspecies
Lavandula stoechas 0+0 0+0 0,716 +£ 0,028 2,333+ 0,288

(Means * 6) NS NS ok HAK

Pistacia lentiscus 0+0 0+0 0+0 0,7+ 1,359
(Means * o) NS NS NS oAk

Ruta graveolens 0+0 0+0 0,7+ 1,359 0,7+ 1,359
(Means * 6) NS NS oA Hokx

NS : No significant difference (0a=0,05)
*#% : Very highly significant differences (a=0,001)

2.3.2.2. Effect of hydrosols on the growth of Botrytis cinerea

From figure 15, it can be seen that P. lentiscus and L. stoechas had the highest average
antifungal activity against Botrytis cinerea, with a value of 9 + 0.000 cm of zone inhibition
diameter at 50 ul and 100 pl of hydrosol. R. graveolens has recorded the lowerest antifungal
activity at 100 pl with a value of 1.433 + 0.1154 cm, and no activity was obtained in 25 pl and
100 pl for this plant against this pathogen.

Inhibition 10 m Lavanduia stovcts
zone 9 Ruta graveolens
diameters 8
(cm) -
6
S
4
3
2
1 i —
0 . . . .
0pl 25 ul SOl 100 pl
Hydrosols volumes (ul)

Figure 15 : Diameters of growth inhibition zones of Botrytis cinerea
versus the three hydrosols
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Necir and Amrani (2023) reported that, the efficacy of plant aqueous extracts is much
lower than that of plant essential oils; however, extract preparation is much simpler. It was also
found that hydrosol extract of Daucus carota subsp. sativus possess an in vitro antifungal
activity against gray mould disease agent B. cinerea. In vivo fungicidal activity of hydrosol
extracts of D.carota subsp. sativus was also investigated in post-harvest conditions. The results
showed that hydrosol extract had a preventive effect of 70% up7 days of storage, demonstrating
the potential of hydrosol extract as natural antifungal for strawberry fruits susceptible to decay

caused by B. cinerea.

Sebaa & al. (2019). Have studied the chemical characterization of the essential oils and
the hydrosol extract and regional specificity of the major components of Ballota nigra essential
oil and to evaluate their in vitro and in vivo antifungal activities tested to three phytopathogenic
stains (Penicillium expansum, Aspergillus niger and Alternaria alternata). Results: Altogether,
38 compounds were identified in the essential oils. The statistical methods deployed confirmed
that there is a relation between the essential oil compositions and the harvest locations. Hydrosol
extract was constituted by seven components. The results of in vitro antifungal activity with
essential oil and hydrosol extract have shown very interesting antifungal activities on Penicillium
expansum and Alternaria alternata strains with percentage reductions up to 80%. Additionally,
in in vivo assays, Ballota nigra essential oil and hydrosol extract significantly reduce decay in

artificially inoculated tomato by Alternaria alternata.

The authors have concluded that the essential oil and hydrosol extract can be used as a
potential source of sustainable eco-friendly botanical fungicides to protect stored tomatoes from

pathogens, saprophytic fungi causing bio-deterioration to a variety of food commodities.

Boyraz & Ozcan (2006), have tested the antifungal activities of the essential
oil, hydrosol, ground material and extract of summer savory (Satureja hortensis L.) on mycelial
growth of Alternaria mali Roberts and Botrytis cinerea Pers. The results obtained showed that,
all doses of extract inhibited 100% the mycelial growth of both fungi, and exhibited a fungicidal
effect. 15% level of hydrosol and 1.0% level of ground material had a 100 % effect on B.
cinerea. Other doses showed weak inhibition on mycelial growth of the fungi, and antifungal
activity of the essential oil varied depending on concentrations. While the levels of essential oil
show fungistatic effect, the increasing doses of hydrosol and ground material showed a
fungicidal effect against B. cinerea and A. mali. While the ground material had not showed any

fungicidal activity against mycelial growth of A. mali, the 1% and 1.5% levels of the ground
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material exhibited a fungicidal effect on B. cinerea. The authors have concluded that, results
obtained from this study may contribute to the development of environmentally safer alternatives

to protect the spoilage of food products from pathogenic and saprophytic fungi.
Variance analysis has shown very high significant differences between tested volumes for

Botrytis cinerea versus L. stoechas Hydrosol (Tab. 25), and no significant defferences for

Botrytis cinerea versus P. lentiscus and R. graveolens Hydrosol (Tab. 26 and 27).

Table 25: Results of variance analysis of Botrytis cinerea versus L. stoechas Hydrosol

Sources DF Adj SS Adj MS F-Value P-Value
Volumes 3 224,410 74,8033 89764,00 0,000%**
Error 0,007 0,0008

Total 11 224417

DF : Degrees of freedom.
SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’sF .

P : Likelihood of highlighting significant difference .

*#%* p<0,001 : Very highly significant difference .

Table 26: Results of variance analysis of Botrytis cinerea versus P. lentiscus Hydrosol

Sources DF Adj SS Adj MS F-Value | P-Value
Volumes 3 225,202 75,0675 NS
Error 0,000 0,0000

Total 11 225,202

DF : Degrees of freedom.
SS : Sum of gap squares.

MS : Mean square.
F : Observed value of Fisher’sF .

P : Likelihood of highlighting significant difference .
NS : p>0,05 : No significant difference
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Table 27: Results of variance analysis of Botrytis cinerea versus R. graveolens Hydrosol

Sources DF Adj SS Adj MS F-Value P-Value
Volumes 3 5,06250 1,68750 NS
Error 0,00000 0,00000

Total 11 5,06250

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’sF .

P : Likelihood of highlighting significant difference .
NS : p>0,05 : No significant difference

Dunnett tests have shown very high significant differences between 50 pl and 100 pl
volumes and control for Botrytis cinerea versus L. stoechas and P. lentiscus hydrosols, and R.
graveolens at 100 ul, but no significant differences were noticed between control and 25 pl

and 100 pl of R. graveolens volumes of hydrosols (Tab.28).

Table 28: Results of Dunnett tests of Botrytis cinerea versus the three hydrosols

Volume of HD / Onl 25ul 50pl 100l
Plants species
Lavandula stoechas 0+0 0,73 £ 0,057 9+0 9+0
(Means:l:c) sksksk sksksk sksksk
Pistacia lentiscus 0+0 0,7+ 1,359 9+0 9+0
(Means:I:G) skksk skksk sksksk
Ruta graveolens 0+0 0=+0, 0=+0, 1,433+ 0,115
(Means + o) NS NS oA

NS : No significant (a=0,05)
*#% . Very highly significant (a=0,001)

2.3.2.3. Effect of hydrosols on the growth of Zymoseptoria tritici
Zymoseptoria tritici was more sensitive to the hydrosols, and it’s growth was
inhibited by hydrosols of the three plant species studied, notably at volumes of 100 pl of
hydrosols (Fig. 16). Hydrosol of P. lentiscus have recorded the highest value of the diameter of
inhibition zone (1.13 £ 0.057 cm), and the most important antifungal activity against

Zymoseptoria tritici among the three plants. L. stoechas and R. graveolens displayed slightly

lower antifungal activity.
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Figure 16 : Diameters of growth inhibition zones of Zymoseptoria tritici
versus the three hydrosols

According to D'Amato & al. (2018), hydrosols are secondary products of hydro-

distillation of plants. They exert antibacterial and antifungal activity in vitro and in situ.

Different mechanisms of action related to their chemical composition are proposed. They could

be applied in agro-food industry to improve safety and shelf-life. Hydrosols deserve deeper

studies to assess application on foods and surfaces. Moreover, their use could be exploited to

counteract the phenomenon of antibiotic resistance.

Variance analysis has shown very high significant differences between tested volumes for

Zymoseptoria tritici versus L. stoechas and P. lentiscus Hydrosol (Tab. 29 and 30), and no

significant defferences for Zymoseptoria tritici versus and R. graveolens Hydrosol (Tab. 31).

Table 29: Results of variance analysis of Zymoseptoria tritici versus L. stoechas Hydrosol

Sources DF | Adj SS Adj MS F-Value | P-Value
Volumes 3 1,21667 0,405556 243,33 0,000%**
Error 0,01333 0,001667

Total 11 ] 1,23000

DF : Degrees of freedom.
SS : Sum of gap squares.
MS : Mean square.
F : Observed value of Fisher’sF .
P : Likelihood of highlighting significant difference.
*#% p<0,001 : Very highly significant difference.
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Table 30: Results of variance analysis of Zymoseptoria tritici versus P. lentiscus Hydrosol

Sources | DF | Adj SS Adj MS F-Value | P-Value

Volumes | 3 1,19562 0,398542 | 273,29 0,000%**
Error 8 0,01167 0,001458
Total 11 | 1,20729

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’sF .

P : Likelihood of highlighting significant difference .
**% p<0,001 : Very highly significant difference .

Table 31: Results of variance analysis of Zymoseptoria tritici versus R. graveolens Hydrosol

Sources DF | Adj SS Adj MS F-Value | P-Value
Volumes 3 1,62000 0,540000 NS
Error 8 0,0000 0,0000

Total 11 | 1,62000

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’sF .

P : Likelihood of highlighting significant difference .
NS :Nosignificant difference

Dunnett tests have shown very high significant differences between all volumes and

control for Zymoseptoria tritici versus all studied hydrosols (Tab.32).

Table 32: Results of Dunnett tests of Zymoseptoria tritici versus the three hydrosols

Volume of HD / Opl 25ul 50ul 100ul
Plants species
Lavandula stoechas 0+0 0,60 0,633 + 0,057 1,283 +£ 0,057
(Means * 6) ok k sokk dokok
Pistacia lentiscus 0+£0 0,6 +0 0,8+ 1,395 1,283 +0,057
(Means:l:c) sk sksksk seksk
Ruta graveolens 0+0 0,6£0 0,60 1,033 £ 0,057
(Means:l:c) sk sksksk seksk

*%% : Very highly significant differences (a=0,001)
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2.3.2.4. Effect of hydrosols on the growth of Fusarium graminearum
Comparing the average inhibition zone values for Fusarium graminearum (Fig.
17), we can see, at 100 pL that hydrosols of L. stoechas has the highest average inhibition zone
with a value of 5 = 0.000 cm. P. lentiscus has the second-highest average inhibition zone with 3

+ 0.000 cm, while R. graveolens has the lowest average inhibition zone with 1.533 + 0.0577 cm.

Inhibition zone 6 o
diameters (cm) B Pistacia lentiscus

5 B Lavandula stoechas

Ruta graveolens

4 T

3

2

1 - -

0 1 1

0 pl 25 ul 50 ul 100 pl
Hydrosols volumes (ul)

Figure 17 : Diameters of growth inhibition zones of Fusarium graminearum
versus the three hydrosols

Paramalingam & al. (2023) have investigated the antifungal activities of tea tree
(Melaleuca alternifolia) essential oil (TTO) and hydrosol (TTH) against Fusarium wilt of
bananas caused by Fusarium oxysporum f. sp. cubense Tropical Race 4 (Foc TR4) and their
bioactive components. They have found that, compared to the chemical fungicide, TTO
effectively suppressed the mycelial growth of Foc TR4 at 69%. Both the minimum inhibitory
concentration (MIC) and minimum fungicidal concentration (MFC) of TTO and TTH were
established at 0.2 pg/uL and 50 % v/v, respectively, suggesting the fungicidal nature of the
plant extracts, and results obtained, indicate the potential of tea tree extracts as natural

alternatives to chemical fungicides to control Foc TR4.
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Variance analysis has shown very high significant differences between tested volumes for
Fusarium graminearum versus L. stoechas and P. lentiscus Hydrosol (Tab. 33 and 34), and no

significant defferences for Fusarium graminearum versus and R. graveolens Hydrosol (Tab. 35).

Table 33: Results of variance analysis of Fusarium graminearum versus L. stoechas Hydrosol

Sources DF Adj SS Adj MS F-Value P-Value
Volumes 3 42,6358 14,2119 14,2119 0,000%**
Error 0,2733 0,0342

Total 11 42,9092

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’sF .

P : Likelihood of highlighting significant difference .
*#% p<0,001 : Very highly significant difference .

Table 34: Results of variance analysis of Fusarium graminearum versus P. lentiscus Hydrosol

Sources DF Adj SS Adj MS F-Value | P-Value
Volumes 3 19,6200 6,54000 373,71 0,000%**
Error 0,1400 0,01750

Total 11 19,7600

DF : Degrees of freedom.

SS : Sum of gap squares.

MS : Mean square.

F : Observed value of Fisher’sF .

P : Likelihood of highlighting significant difference .
*#%* p<0,001 : Very highly significant difference .

Table 35: Results of variance analysis of Fusarium graminearum versus R. graveolens Hydrosol

Sources DF Adj SS Adj MS F-Value P-Value
Volumes | 3 18,54 6,181 1,51 0,284 NS
Error 8 32,73

Total 11 51,27

DF : Degrees of freedom.
SS : Sum of gap squares.
MS : Mean square.

F : Observed value of Fisher’sF .
P : Likelihood of highlighting significant difference .
NS : p>0,05 : No significant difference.
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Chapter 2 : Results and discussion

Dunnett tests have shown very high significant differences between 50 pL and 100
pL volumes and control for Fusarium graminearum versus P. lentiscus and L. stoechas
hydrosols, and no significant differences between control and all tested volumes for Fusarium

graminearum versus R. graveolens hydrosols (Tab.36).

Table 36 : Results of Dunnett tests of Fusarium graminearum versus the three hydrosols

Volume of HD / Opl 25ul 50ul 1001
Plants species
Lavandula stoechas 0+0 2,166+ 0,288 3,866 + 0,230 5+0
(Means * 6) NS oAk ol
Pistacia lentiscus 0+0 0,7+ 1,359 2,666+ 0,288 3+ 0
(Means * 6) NS *okx wkx
Ruta graveolens 0+0 0,7+ 1,359 0,933+ 0,115 1,533+ 0,057
(Means =+ 6) NS NS NS

NS : No significant (a=0,05)
*#% : Very highly significant (a=0,001)
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Conclusion

Conclusion

Algeria's geographic location grants it a rich and diverse biodiversity, with numerous
plant species recognized as valuable sources of bioactive compounds possessing antimicrobial

properties.

The aim of this study was to analyze the physicochemical properties of essential oils and
hydrosols extracted from three naturally occurring plants in the Guelma region of Algeria
Pistacia lentiscus, Lavandula stoechas and Ruta graveolens and to assess their antifungal
effectiveness against four common fungal pathogens: Aspergillus niger, Botrytis cinerea,
Fusarium graminearum and Zymoseptoria tritici, known to cause significant crop losses. The

results obtained are summarized as follows:

— A noticeable variation in essential oil yields was observed among the studied plant
species, which can be attributed to various factors such as plant species, the specific plant parts
used, and growth conditions. Lavandula stoechas produced the highest yield at 0.872 %,
followed by Ruta graveolens with 0.297%. And Pistacia lentiscus produced the lowest yield at

0.073%. Overall, substantial differences in essential oil yields were noted between the species.

— The antifungal activity tests of the essential oils revealed significant variations
depending on the plant species and the volumes of EOs tested against the target pathogens. At a

concentration of 20 ul for all pathogens, the results were as follows:

¢ Ruta graveolens demonstrated the strongest antifungal activity.
¢ Lavandula stoechas showed the second-highest level of effectiveness.

¢ Pistacia lentiscus exhibited the weakest antifungal effect across all tested fungi.

— The antifungal activity tests of hydrosols also revealed slight variations among the plant
species and the volumes tested against the target pathogens. At a concentration of 100 pl, the

results were as follows:

¢ Lavandula stoechas displayed the highest antifungal activity against all tested pathogens.
¢ Pistacia lentiscus showed the second-highest antifungal activity against Botrytis cinerea

and Zymoseptoria tritici, but exhibited no activity against Aspergillus niger.
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Conclusion

¢ Ruta graveolens hydrosol showed the weakest overall antifungal effect, except against

Zymoseptoria tritici.

In summary, the results clearly show that Ruta graveolens consistently exhibited the
strongest antifungal activity against the tested fungal pathogens (Aspergillus niger, Botrytis
cinerea, Fusarium gramineum and Zymoseptoria tritici) in essential oil and Lavandula stoechas
exhibited the strongest antifungal activity in hydrosol forms. Pistacia lentiscus showed moderate

to low activity against all tested fungi.

From a broader perspective, further research is needed on the chemical composition and
potential applications of the essential oils and extracts from these plants. Additional studies on
the antimicrobial properties of these and other Algerian plant species will offer deeper insights
into their biopesticide potential. Such research could support the development of natural
alternatives to synthetic pesticides, contributing to environmentally friendly crop protection and

helping to reduce the risk of pest resistance.
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Abstracts

Abstract

This research investigates the physicochemical properties and antifungal efficacy of
essential oils and hydrosols obtained from Lavandula stoechas, Pistacia lentiscus, and Ruta
graveolens, three aromatic plant species naturally occurring in the Guelma region of Algeria.
The extracts were tested against four phytopathogenic fungi: Aspergillus niger, Botrytis
cinerea, Fusarium graminearum, and Zymoseptoria tritici. Essential oils were extracted
through hydrodistillation using a Clevenger-type apparatus. Among the studied species, L.
stoechas produced the highest essential oil yield, followed by R. graveolens. Antifungal
activity was evaluated using the disc diffusion method for essential oils and the well diffusion
technique for hydrosols. The results revealed notable antifungal activity for both types of
extracts, with L. stoechas and R. graveolens showing particularly strong inhibition against the
target pathogens. These findings support the potential of these natural products as sustainable
alternatives for the biological control of fungal diseases in agriculture, contributing to reduced

reliance on synthetic fungicides and improved environmental health.

Keywords: Lavandula stoechas, Pistacia lentiscus, Ruta graveolens, Essential oils,

Hydrosols, Antifungal activity, Plant pathogenic fungi.
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Résumé

Cette étude a porté sur les propriétés physicochimiques et I'efficacité antifongique des
huiles essentielles et des hydrolats extraits de Lavandula stoechas, Pistacia lentiscus et Ruta
graveolens, trois plantes aromatiques qui poussent naturellement dans la région de Guelma,
en Algérie. Les extraits ont été testés contre quatre champignons phytopathogenes
Aspergillus niger, Botrytis cinerea, Fusarium graminearum et Zymoseptoria tritici. Les huiles
essentielles ont été extraites par hydrodistillation a l'aide d’un appareil de type Clevenger.
Parmi les especes étudiées, L. stoechas a donné le rendement en huile essentielle le plus élevé,
suivie de R. graveolens. L'activité antifongique a été évaluée par la méthode de diffusion a
travers des disques pour les huiles essentielles et la méthode des puits pour les hydrolats. Les
résultats ont révélé une activité antifongique notable pour les deux types d’extraits, L.
stoechas et R. graveolens montrant une inhibition particuliérement marquée des pathogenes
ciblés. Ces résultats soutiennent le potentiel de ces produits naturels comme alternatives
durables pour le controle biologique des maladies fongiques en agriculture, contribuant ainsi a

réduire la dépendance aux fongicides synthétiques et a améliorer la santé environnementale.

Mots-clés : Lavandula stoechas, Pistacia lentiscus, Ruta graveolens, huile

essentielles, hydrolats, activité antifongique, champignons phytopathogenes.
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