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Abstract

In the agricultural sector, most farmers rely on chemical-based inputs to manage biotic and abiotic
stresses. However, growing concerns about the environmental and health impacts of synthetic agrochemicals
have stimulated interest in plant-derived compounds as sustainable biostimulants. Among these, garlic
(Allium sativum L.) has emerged as a potent natural agent due to its rich profile of bioactive constituents,
including phenolics and organosulfur metabolites. These compounds enhance plant tolerance to biotic
(e.g., pests and diseases) and abiotic (e.g., drought and salinity) stresses by regulating gene expression,
activating immune responses, and modulating metabolic processes at the cellular level through their
antioxidant, antifungal, and other bioactive properties, thereby improving crop growth and resilience.
The use of garlic extract supports environmentally friendly agricultural practices, reduces dependence on
synthetic inputs, paves the way for future research on biostimulants, and aligns with global efforts to
minimize environmental impact. This review highlights the promising contributions of garlic bioactive
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compounds, their extraction methods, and their applications in sustainable agriculture.

1. Introduction

Biotic and abiotic stresses markedly impair crop yield and quality
by disrupting physiological processes essential for plant growth,
thereby compromising overall agricultural productivity. These
stresses increase crop susceptibility to pests and diseases by altering
key metabolic and defence mechanisms. The simultaneous occurrence
of multiple biotic and abiotic stressors presents complex challenges
for farmers, complicating the development and execution of effective
crop management strategies (Pandey et al., 2017). In current
agricultural production, synthetic chemicals have been extensively
used to mitigate the detrimental effects of biotic and abiotic stresses,
thereby protecting plant health and sustaining productivity. However,
the widespread and prolonged use of these chemicals has led to
unintended negative consequences, including adverse environmental
impacts and risks to human health (Khan et al., 2025). As an
alternative, the use of phytochemical biostimulants has gained
momentum in sustainable farming practices (Kumar et al.,
2025). Biostimulants have emerged as promising natural tools to
boost agricultural productivity by 8-30 % with minimal application
per unit area (Katsenios et al., 2023). Biostimulants have emerged as
promising natural tools to enhance agricultural productivity by
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8-30% with minimal application rates per unit area (Katsenios et al.,
2023). Consequently, biological amendments that help overcome
soil constraints and improve nutrient use efficiency are critical for
addressing current agricultural challenges. However, their widespread
adoption depends on these solutions being socially acceptable,
commercially viable, and environmentally sustainable (Abbott et al.,
2018). Over the past century, advances in the understanding of plant-
derived compounds have revealed a range of biologically active
substances with significant agricultural potential (Hayat et al., 2022).
Stress tolerance in plants facing climatic changes can be enhanced
through the application of allelopathic hormesis, specifically by
utilizing potentially allelopathic plant extracts as biostimulants (Di
Sario et al., 2025). These extracts improve photosynthetic efficiency,
activate stress-responsive gene expression, and support plant
adaptation to both biotic and abiotic stressors, thereby increasing
productivity and protection levels (Table 1) (Kumar et al., 2025).

Recent research is focusing on plant extracts and their potential
biochemical compounds, which act as defensive secondary
metabolites and offer an effective method for enhancing the resilience
of recipient plants (Tiwari and Rana, 2015). Garlic (Allium sativum
L.) is a prominent medicinal herb known for its potent antimicrobial
and antioxidant activities in crop management (Kutasy et al., 2022).
It enhances plant stress tolerance by priming defence mechanisms
and improving physiological functions. These combined effects enable
plants to better withstand both biotic and abiotic stresses, thereby
promoting improved crop growth and development (Shang et al.,
2019; Hayat et al., 2018). The role of garlic extract in plant defence
has been demonstrated through its influence on protective



mechanisms, disruption of molecular pathways, and regulation of
reactive oxygen species (ROS) (Hayat et al., 2018; Perell6 et al.,
2013). Garlic extract has also shown promise as a natural insecticide
for managing pests in stored products, contributing to both
environmental and human safety (Figure 1). Recent research
consistently highlights that garlic and its bioactive compounds
possess antibacterial, antifungal, anti-inflammatory, and antioxidant
properties when used in agriculture through seed treatment, foliar
application, and field application (Khan et al., 2025; Hayat et al.,
2016). Garlic and its extracts have beneficial potential across various
research areas; this review specifically focuses on their applications
and impact in agriculture.

Table 1: Plant derived bioactive compounds and its effects
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2. Importance of natural based extract

Plant extracts have emerged as prominent biostimulants in sustainable
agriculture due to their rich content of bioactive phytochemicals,
which help enhance resistance to biotic and abiotic stresses by
activating plant defence mechanisms. These mechanisms regulate
crucial physiological processes such as nutrient uptake, photosyn-
thesis, hormone synthesis, and stress tolerance (Zhang et al., 2024).
The phytochemical properties of these extracts also contribute to
improved soil health and increased agricultural productivity
(Godlewska et al., 2021) (Han et al., 2024). The effectiveness of
these bioactive compounds depends on plant species and extraction
methods (Table 1 and Table 4).

Effect of their compounds

References

Its act as an antioxidant, antimetropias,

and growth promoter as well as biopesticide.
Stimulates root development, induces anti-
oxidant enzymes (SOD, peroxidase, CAT),
and activates defence related genes in plants
under stress condition.

It is used as a bioprotectant by disrupting pest
developmental processes and also contains
compounds that promote plant growth.

Enhances growth attributes, yield, and stress
resistance, serving as a bioprotectant.

Boosts seedling emergence, growth, biomass,
and regulates hormonal activity.

Promotes plant growth, nutrient uptake, and

Antioxidant defence, nutrient uptake, and
photosynthetic performance, ultimately
leading to higher crop productivity.

Plant source Key compounds

Garlic Organosulfur compounds such as
allicin, alliin, sulphides, S-allyl
cysteine

Neem Azadirachtin, limonoids, other
terpenoids

Medicinal/ Phenolic compounds (flavonoids,

aromatic phenolic acids), essential oils

plants

Moringa Zeatin (cytokinin), vitamins,
phenolics

Aloe vera a-D glucose, lactose, myristic
acid, capric acid and phenols stress tolerance.

Licorice Triterpene saponins, glycyrrhizin

extract

Hayat et al., 2018

Farhan et al., 2024

Kisiriko et al., 2021

Soares et al., 2021

Alkuwayti et al., 2022

Pourghasemian et al., 2020

3. Biological properties of garlic extract

More than 200 natural active substances are found in garlic. Some of
the most important are sulfur-based compounds, which are especially

useful in agriculture, particularly when garlic is in extract form. In
addition to these, garlic extract contains valuable nutrients such as
vitamin C, vitamin B6, manganese, and selenium, all of which help
enhance its nutritional quality (El-Saadony et al., 2024).

Table 2: Quantity of identified organosulfur compounds in garlic extract

Compounds Quantity (mg/g) References

Alliin 0.5-1.5 Zhu et al. (2016)
S-allyl cysteine 0.2 -0.8 Sahidur et al. (2023)
Diallyl disulfide 0.1 -0.3 Hirata et al. (2025)
Diallyl trisulfide 0.05 - 0.15 Zhu et al. (2016)
2-Propenyl 1-(2-propenylsulfinyl) propyl disulfide 0.3 - 0.6 Talib et al. (2024)
Bis-2-propenyl trisulfide 0.02 - 0.05 Dai et al. (2025)
S-methyl cysteine 0.1-0.4 Zhu et al. (2016)
B-glutamyl-S-allyl cysteine 0.1-0.2 Dai et al. (2025)

The strong bioactivity of garlic is largely attributed to its rich content
of sulfur compounds, which play a significant role in boosting plant
health, supporting crop development, and offering protective effects
(Shang et al., 2019). Organosulfur compounds contribute to

antioxidant defence by reducing lipid peroxidation and alleviating
oxidative stress (Omar and Al-Wabel, 2010). Key organosulfur
compounds such as allicin, alliin, S-allylcysteine (SAC), diallyl
disulfide (DADS), diallyl trisulfide (DATS), diallyl sulfide (DAS),
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and ajoene are primarily responsible for garlic’s biological activity.
In addition, y-glutamyl-cysteine (y-GCS) derivatives form another
significant group of bioactive molecules (Shang et al., 2019). Among
these, allicin, DADS, and DATS are especially noted for their potent
antimicrobial properties against antibiotic-resistant pathogens, as
well as their strong antioxidant potential (Table 3). These sulfur-
based compounds interact with thiol-containing metabolites such as
glutathione, leading to the formation of reactive sulfur species, thiol
depletion, and S-allylation-induced protein modifications. These
biochemical interactions disrupt the cellular redox balance and impair
normal physiological functions. As a result, garlic extract is
increasingly recognized as a natural and effective alternative for
antimicrobial strategies (Bhatwalkar et al., 2021; Nakamoto et al.,
2020).

Table 3: Mechanistic role of organosulfur compounds

Garlic also contains essential amino acids such as arginine and
cysteine, which play critical roles in protein synthesis, metabolic
regulation, and the maintenance of vital physiological processes in
plants (Cheng et al., 2016; Yan et al., 2021). Garlic extracts are rich
in a wide range of secondary metabolites, including alkaloids,
flavonoids, saponins, tannins, and glycosides, all of which contribute
to their significant biological activity. The mineral composition of
garlic per 100 g includes 83.83 mg of calcium, 4.30 mg of vitamin C,
3.14 mg of magnesium, 0.028 mg of iron, 0.007 mg of manganese,
and 0.0005 mg of copper. Additional key constituents are detailed in
Table 2. This comprehensive profile of minerals and phytochemicals
enhances the nutritional value of garlic and underpins its
multifunctional role in promoting plant health and its potential
applications in sustainable agricultural practices (Dalhat ez al., 2018).

Organosulfur compounds

Mode of interaction with plant mechanism

References

Allicin

Diallyl disulfide

expression in receiver plant.

S-allyl-cysteine (SAC)

Ajoene

load and tissue damage.

Thiosulfinate

Allicin reacted with fungal proteins free cysteine groups which
is reducing their physiological activity finally causing cell
damage and also act as antibacterial and natural insecticide.

Influences cell division, phytohormone levels (indole-3-acetic
acid, zeatin riboside, gibberellic acid), and expansion gene

SAC can enhance nutrient absorption and involve growth pro-
motion under abiotic stress condition.

Ajoene exhibits potent antimicrobial effects against a range
of pathogens, including bacteria and fungi. It inhibits quorum
sensing, enhancing antibiotic efficacy and reducing bacterial

Helping in the inhibition of oxidative damage. Decreases the
formation of reactive oxygen species (ROS. It has anti-infla-
mmatory and antioxidant properties.

Hayat et al. (2022); Nwachukwu and
Asawalam (2014)

Cheng et al. (2016)

Shang et al. (2019)

Shang et al. (2019); Bhatwalkar

et al. (2021)

Avendano-Ortiz et al. (2023)

3.1 Effect of organosulfur compounds

Lipid soluable organosulfur compounds such as ajoenes, allyl sulfides,
and allicin exhibit antibiofilm, antitoxin, bactericidal, and anti-quorum
sensing properties against resistant and multidrug-resistant bacteria
(Cheng et al., 2016). According to Iciek ef al. (2009) organosulfur
compounds particularly those found in garlic modify redox-sensitive
proteins and influence cellular signaling pathways, both of which are
vital biological processes (Parvu et al., 2019). Essential oil of garlic
extracte specially diallyl disulfide and diallyl trisulfide, disrupt the
nervous systems of insects. This disruption may result in acute
contact toxicity, fumigant effects, repellent behavior, and, in some
cases, death. In addition, garlic phytochemicals exhibit antifeedant
properties and inhibit insect growth and development, thereby
reducing pest survival and reproduction rates (Mobki et al., 2014)
(Figurel). Garlic extract induces symptoms of intoxication in both
adult insects and larvae, including regurgitation, reduced feeding
activity, and progressive paralysis. It can also cause localized tissue
damage in critical areas such as the mouthparts, pronotum, legs,
abdomen, and anus. Furthermore, these compounds significantly
reduce respiration rates across all life stages, with diallyl disulfide
showing particularly strong repellent effects (Plata-Rueda et al.,
2017).

Allicin reduces bacterial virulence by inhibiting exotoxin A, elastase
activity, biofilm formation, and by disrupting sulfhydryl-dependent

enzymes (Bhatwalkar ef al., 2021). Notably, allicin is not present in
raw garlic but is rapidly formed when garlic cloves are crushed or
cut, triggering the enzymatic action of C-S lyase (allinase) on alliin.
After mechanical disruption, allicin constitutes approximately 70%
of the total thiosulfinates in garlic cloves (Chhouk et al., 2017).
Allicin also interferes with lipid biosynthesis and RNA synthesis,
and reacts with thiol groups, which may alter intracellular functions
and provide antioxidant protection (Rahman, 2007). Garlic contains
essential amino acids, with proline (0.43 to 3.91 mg/g) and arginine
(0.24 to 3.45 mg/g) being the most prominent (Jiménez-Amezcua et
al., 2023. In addition to its sulfur compounds, garlic also possesses
a variety of phenolic acids, including gentisic acid (60 + 5 pg/ml),
chlorogenic acid (65 £ 5 pg/ml), 4-hydroxybenzoic acid (25 + 3 pg/
ml), and p-coumaric acid (44 =4 pg/ml. The presence of these phenolic
compounds further enhances garlic antioxidant capacity and overall
biological effectiveness (Igu et al., 2021).

4. Techniques for extracting active compounds from garlic

The method used to extract bioactivecompounds from garlicis crucial
in determining its stability and yield. While traditional methods are
still in use because of their simplicity, modern methods have much
to offer in terms of efficiency and sustainability. Mainly the type of
solvent greatly influencing that extract recovery like methanol,
ethanol, chloroform, petroleum ether etc. (Bar et al., 2022). The
several methods of extraction that can be employed to isolating the
bioactive substances from garlic were listed in (Table 4).



Table 4: Extraction techniques for isolating bioactive compounds
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Methods Principles Outcome Solvents and References
using source

Soxhlet It involves continuous cycling Effectively isolates desired Methanol, ethanol, Bar et al. (2022); Chhouk
extraction of the solvent through the solid compounds, ensuring purer acetone et al. (2017); Kumari et

sample to enhance extraction extracts. al. (2024)

efficiency.
Solvent-free | SFME utilizes microwave radia- It is highly efficient, achieving Microwave Yingngam et al. (2022);
microwave tion to directly interact with polar | a 91.7% yield of bioactive Boukhatem et al. (2022)
extraction molecules in plant materials, compounds, preventing com-
(SEFME) causing dipole rotation and ionic pound degradation.

displacement.
Solid-liquid Solid sample is mixed with a Simultaneous extraction of Isopropanol and Jiménez-Amezcua et al.
extraction solvent that dissolves the target various bioactive compounds ethyl acetate (2023); Maia et al. (2017)
(SLE) compounds, allowing them to be and improves extraction

extracted from the solid matrix. efficiency, reducing extraction

time.

Ultrasound- High-frequency ultrasound prod- Cayvitation improves the mixing | Ultrasound Loghmanifar et al. (2022);
assisted uces pressure cycles to generate of the solvent with the plant Shekhar et al. (2023)
extraction and collapse bubbles, which material enhances the diffusion

produce extreme conditions that of the solvent into the plant

rupture plant cell walls, release matrix heat-sensitive com-

bioactive compounds, and facili- pounds are preserved.

tate mass transfer, increasing the

efficiency of extraction.
Steam The distillation device is filled Optimized enzymatic conditions | Steam Zhang et al. (2025)
distillation with steam, which evaporates the break down cell walls, increasing

essential oils as it moves through essential oil yield while preser-

the plant material. The oil is sub- ving terpenoids, enhancing

sequently separated from the potency.

non-volatile components by con-

densing the vapor back into liquid

form.
Hot water Boiling or steeping plant materials | Minimizes protein denaturation | Water Cheng and Huang (2018)
method in water, heating enhances their while effectively extracting

solubility and diffusion, polysac- polysaccharides. Heating inc-

charides dissolve in hot water. reases the kinetic energy of

molecules.

Pulsed PEFE employs electric pulses to PEF minimizes thermal degra- Electric pulses Tang et al. (2024)
electric generate transmembrane voltage, dation and preserves the fun-
field forming pores in cell membranes, ctional properties of extracted
extraction which increases the permeability compounds, resulting in higher

and enables the extraction of bio- quality end products.

active compounds.
Carbon CO, is added to ethanol, it reduces | Presence of CO, in ethanol CO, expanded Chhouk et al. (2017)
dioxide the viscosity of the solvent. the changes the polarity of the ethanol
expanded mixture can allow it to penetrate solvent mixture. Lower pola-
ethanol the plant material better. tempera-| rity can increase the solubility

ture and CO, flow rate mainly of certain bioactive compounds.

influencing factor.
Supercritical SWE employs water at tempera- Extract both polar and non- Water Shinde and Mahadik
water tures above its boiling point but polar compounds effectively (2019)
Extraction below its critical point, allowing

it to act as a solvent with modi-

fied properties.

5. Biochemical compounds as antimicrobial and antioxidant
agents

Garlic exhibits broad-spectrum antimicrobial activity due to its potent
fungicidal, bactericidal, and antiviral properties, as reported by
various researchers (Hayat et al., 2022). Notably, compounds such

as allicin and ajoene possess significant antibacterial, antifungal, and
antiviral effects, making them promising alternative therapeutic agents
in the fight against infectious diseases (Bhatwalkar et al., 2021)
(Table 3). Given the growing global issue of antibiotic resistance, the
antibacterial properties of garlic present significant opportunities
for the development of novel antibiotics (Tang et al., 2024).
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Pest and disease
control agent

Antimicrobial
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Role of garlic
organosulfur
compounds

Natural
Biostimulants.

Influence on
gene expression

Antioxidant
properties

Figure 1: Potential of garlic biochemical properties.
5.1 Antibacterial properties

Garlic antibacterial compounds inhibit biofilm formation and enhance
bacterial sensitivity to tobramycin, and reduce pathogenicity by
downregulating virulence genes and disrupting quorum sensing. Garlic
extracts are capable of eradicating pre-formed biofilms as well as
preventing their development, with ajoene significantly enhancing
the activity of antibiotics (Bhatwalkar et al., 2021). Given the rise in
antibiotic resistance, the use of garlic represents a promising avenue
for the development of novel antibiotics. The disruption of bacterial
cell membranes by garlic occurs through the formation of disulfide
linkages with the sulthydryl groups of enzymes (Cheng et al., 2016).
The antibacterial activity of garlic extracts has been demonstrated
against Staphylococcus aureus, Escherichia coli, and Candida
albicans using the agar well diffusion technique, showing effective
inhibition of these microorganisms (Akullo et al., 2022).

5.2 Antifungal properties

Allicin and DADS act as potent antifungal agents by lysing fungal
cell membranes due to increased permeability and by participating
in thiol-disulfide exchange reactions, which cause cell damage and
death. Their ability to penetrate phospholipid membranes enhances
their efficacy, while their binding to free cysteine residues in fungal
cells impairs essential cellular functions. Various studies have
demonstrated that garlic extract and its volatile oils efficiently inhibit
fungal pathogens, establishing them as promising natural antifungal
agents (Borlinghaus et al., 2014; Cheng et al., 2016). Allicin exhibits
antifungal activity even at low concentrations, resulting in notable
morphological alterations in hyphae, such as roughened surfaces,
cytoplasmic disintegration, and disruption of the microbial membrane
(Aala et al., 2014). This compound directly interacts with free
cysteine residues in fungal cells, disrupting their physiological

processes and inhibiting fungal growth. Its fungicidal action is also
attributed to the breakdown of fungal cytoplasmic constituents (Hayat
etal.,2016).

5.2.1 Allicin as predominant antifungal agent in agriculture

Garlic extract, when used as a seed treatment, has shown beneficial
effects on wheat seeds affected by two fungal pathogens, Bipolaris
-sorokiniana (spot blotch) and Drechslera tritici-repentis (tan spot).
It improves germination and seedling vigor by promoting the
development of radicles and plumules while effectively combating
seed-borne fungi (Perelld et al., 2013). Furthermore, garlic extract
effectively inhibits Fulvia fulva, the fungus responsible for leaf mold
in tomatoes, in both in vitro and pot experiments. The extract
completely inhibits mycelial growth at 80 mg/mland achieves 96.08%
inhibition of spore germination at 40 mg/ml. Importantly, it provides
both therapeutic and preventive effects on tomato leaves and
seedlings without causing any harmful impact on plant growth. In
pot trials, garlic extract demonstrated preventative effects when
applied through spraying or topical application, with reported
inhibition rates of 82.19%, 79.37%, 85.32%, and 83.49% at
concentrations of 160 mg/ml and 80 mg/ml, respectively (Ting-Ting
et al., 2011). Moreover, a concentration of 20 g/100 ml water garlic
extract completely inhibited the growth of Rhizoctonia solani,
Sclerotium rolfsii, and Botrytis cinerea. These results highlight garlic
extract as an effective option for biological control, given its broad-
spectrum activity against a range of harmful fungi (Tedeschi et al.,
2011).

5.3 Antioxidant properties

Plants have enzymatic (e.g., superoxide dismutase, catalase, ascorbate
peroxidase) and non-enzymatic antioxidants to protect against ROS
effects. Environmental stresses predominantly enhance the



production of ROS, resulting in gene expression adjustments and
stress tolerance mechanisms (Ahmad et al., 2008). Plant derived
biostimulants are promote the formation of antioxidant properties
such as carotenoids, ascorbic acid, and phenolics, which enhance
antioxidant activity. The garlic compounds scavenge ROS thereby
minimizing oxidative stress and protecting plant cells from stress
condition (Kumar et al.,, 2025). Onions and garlic consist phenols
and sulfur compounds are enhancing their ability to scavenge harmful
reactive species and maintain cellular integrity, stabilization of free
radical via electron donation (Bar et al., 2022; Younas et al., 2025).

Strong antioxidant activity was demonstrated by inhibitory
concentration (IC,)) values ranging from 12.35 to 25.92 pg/ml, with
lower values indicating greater potency. In a hydroponic co-culture
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system, garlic extracts significantly reduced malondialdehyde (MDA)
levels at low concentrations by promoting pepper plant growth,
enhancing chlorophyll content, and increasing antioxidant enzyme
activities. The allelochemicals present in garlic stimulated
physiological responses in pepper plants, resulting in improved
root development, nutrient uptake, and total biomass accumulation.
(Ding et al., 2016). More over Organosulfur compound cops the
cucumber seedlings under stress SOD and CAT to detoxify ROS,
preventing oxidative stress. Garlic extract at moderate concentrations
150 pg mI™* water stimulates these enzymes, supporting growth and
decreasing stress markers such as MDA. Here balanced ROS regulation
is necessary to develop stress signalling and cell growth (Hayat et
al., 2018).

Garlic extract application
under stress condition !

| Activation of antioxidant systems

Influence cell division ... \__

Over come pesticide residue problem

Impact on plant growth

@

Figure 2: Field application and its benefits.
6. Natural biostimulant on plant physiological development

Eggplant and pepper seedlings treated with garlic extracts and acetyl
salicylic acid via foliar and fertigation method exhibited growth,
increased plant heights, and changes in plant metabolites. The extract
of garlic stimulated antioxidant enzymes and root activity, enabling
plants to fight off infections via activated antioxidant mechanisms
and protective metabolites (Hayat e al., 2018). Garlic biochemical
compounds primarily regulate plant hormones, such as auxins,
gibberellins, and cytokinins, thereby promoting cell division, growth,
and photosynthesis when applied as a 5% foliar spray under sandy
soil conditions. This treatment stimulates root development,
facilitates improved water and nutrient uptake, and enhances nitrogen
metabolism, resulting in increased protein synthesis. Specifically,
the flavonoids and phenolic acids present in garlic extracts can alleviate
oxidative stress (Mohamed et al., 2020) (Figure 2). Main biochemical

compounds are increased the levels of auxin (IAA), gibberellic acid
(GA3), cytokinin (ZR), and abscisic acid (ABA), which had a
substantial influence on phytohormonal control during tomato seed
germination (Hayat et al., 2020). Foliar application of garlic extract
at concentrations of 400 and 600 ppm on soybean plants resulted in
increased levels of non-enzymatic antioxidants, such as ascorbic
acid, a-tocopherol, and glutathione, under drought stress conditions.
This treatment also enhanced the activities of enzymatic antioxidants,
including SOD, glutathione reductase, and ascorbate peroxidase,
thereby enabling the plants to better cope with oxidative stress.
Overall, garlic extract application effectively strengthens the
antioxidant defense system and mitigates the detrimental effects of
drought stress in soybean plants (Mohamed and Akladious, 2014).
DADS treatment has a dose dependent effect had on cucumber roots
by stimulating growth at low concentrations. The hormone levels,
viz., IAA, ZR, ABA, GA3 were trigger and influence growth related
genetic pathways in root development dimensions (Ren et al., 2018).
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Treating Vicia faba seeds with garlic extracts reduces the negative
impacts of drought stress, enhancing plant growth and tolerance.
The extracts lengthen the roots, heighten the shoots, and retain more
water in the plants while reducing indicators of stress damage and
maintaining normal functions. They also maintain osmotic strength
in balance, which results in healthier and stronger plants during periods
of dryness (Kasim et al.,, 2017). Seed priming with aqueous garlic
extract alters antioxidant enzyme activities and modulates reactive
oxygen species (ROS), which are crucial for early plant development.

It is a potent biostimulant for enhancing eggplant seed germination
and seedling growth. Garlic extract enhances physiological and
antioxidant activities leading to the growth of healthy seedlings (Ali
et al., 2019). The foliar application of garlic extract at 150 pg mI! on
cucumber plants regulates prooxidative and antioxidative reactions
in cucumber seedlings, which is beneficial for enhanced growth. In
contrast, an overdose of AGE (300 ug mml™) causes lipid peroxidation
and imposes stress on the cucumber seedlings. However, more
appropriate and targeted approaches are needed to understand the
actual biostimulatory effects of AGE as an induced defense chemical,
and to identify its molecular pattern within plant biology (Hayat et
al.,2016).

7. Molecular insights: Garlic extract influence on gene
expression

Organosulfur compounds affect antioxidant enzymes and stress-
response genes that regulate hormone signals. While high doses
(300 ug/ul™) cause oxidative stress and inhibit growth-related genes,
low dosage (100-200 pg/ul") promote positive gene expression (Ali
et al.,, 2019). Particularly DADS, an allelochemical increases root
growth by upregulating the genes for FZY and PIN, raising IAA and
ZR levels, and modifying phytohormones. Its potential for sustainable
agriculture is highlighted by its effects on expansin gene expression,
hormone signalling, and cell division (Cheng et al., 2016). The
expression of expansin genes like EXPB2, EXP1, and EXPB3 at
higher levels during DADS treatment suggests that DADS promotes
root growth and cell wall loosening in tomato plants by elevating the
expression of these genes at different developmental stages. Expansin
genes are a class of genes whose proteins facilitate plant cell wall
relaxation, a requirement for cell expansion and growth. Through the
changes in the bond between cellulose microfibrils and
polysaccharides, the proteins facilitate cell walls to elongate, allowing
cells to expand during growth procedures (Hayat et al., 2016).

Garlic extract encapsulated in liposomes has been shown to enhance
the expression of ABA pathway and pathogenesis related genes in
wheat. This includes the upregulation of transcription factor families
such as AP2, C2H2, HD-ZIP, and MYB, which are crucial for plant
defence responses (Kutasy et al., 2022). DADS controls mitosis
genes in cucumber roots at low concentration (200 pl/l), the genes
were overexpressed after 24 h, promoting elongation of roots, and
CYCA and CDKB were still active at 48 h. At high concentration
(1200 pl/l), the genes were repressed greatly within 24 h, suppressing
growth of roots, with slight recovery at 48 h but with overall
suppression (Ren et al., 2018). DADS compounds also change the
regulation of cell cycle, namely arresting cell cycle at the G2/M phase,
and initiating detoxification mechanisms (Cheng et al., 2016). Genes
related to plant development, metabolism, and stress response are
regulated by garlic extract-chitosan nanoparticles. In order to promote
development, the therapy elevated differentially expressed genes,

particularly those involved in the phenylpropanoid and alpha-linolenic
acid pathways and also ABA signaling and glutathione metabolism,
which increased stress tolerance and germination (Mondéjar-Lopez
etal., 2024).

8. Garlic extract as a biopesticide

The primary mechanism by which garlic extract acts against pests is
through its ability to alter the behavior of both adult and larval
insects, resulting in high mortality rates. In addition to its direct
contact and fumigant toxicity, garlic extract also functions as a repellent
and antifeedant (Mobki ef al., 2014). Allicin and diallyl polysulfides,
the two main compounds in garlic, generate reactive oxygen species
(ROS) and disrupt the redox balance in insects. These compounds
are less harmful to non-target organisms while effectively targeting
key agricultural pests (Anwar et al., 2016). Foliar application of
garlic extract to the radish variety Raphanus sativus var. lobo led to
notable biochemical alterations, including an increase in polyphenol
content and a marked elevation in disaccharide levels. These increases
enhanced the plant’s energy storage and contributed to better control
of targeted pests (Golubkina et al., 2022).

In red palm weevil larvae, a mixture of onion and garlic significantly
reduces the expression of detoxification genes, including cytochrome
P4, glutathione S-transferase (GST), and esterase. Finally, its leads
to lower fertility and higher mortality rates. The mixture demonstrated
strong insecticidal efficacy at doses ranging from 10 to 50 mg/ml.
Notably, sterility reached 91.89% at 50 mg/mland fecundity dropped
sharply to 51.26% at 30 mg/ml, indicating a substantial negative
impact on female reproductive capacity (Al-Shuraym et al., 2020).
Specifically, methyl allyl disulfide and diallyl trisulfide have been
shown to control Sitophilus zeamais and Tribolium castaneum by
inhibiting egg hatching, suppressing pest growth, and exhibiting high
contact and fumigant toxicity (Huang et al., 2022). Tenebrio molitor
is also highly susceptible to diallyl sulfide and diallyl disulfide, with
rapid mortality observed in larvae, pupae, and adults, often
accompanied by necrosis and paralysis at all life stages (Plata-Rueda
et al., 2017). Significant insecticidal and repellent effectiveness has
also been demonstrated against stored grain pests, including Sitophilus
zeamais and Tribolium castaneum (Nwachukwu and Asawalam,
2014). High doses of garlic extract caused rapid worm deaths, and
soil treatments effectively reduce nematode populations fatherly
encouraging grapevine root development. Particularly,nematicides
based on garlic can be a useful and sustainable method of managing
grapevine nematodes (Xiphinema index) in vineyards, especially in
integrated and organic farming systems (D’ Addabbo et al., 2023).

9. Impact on agricultural practices

Decomposed garlic stalks can promote the soil health by activate the
soil chemical properties and key enzymes activity (Hayat et al.,
2022). Intercropping garlic with cucumber crucially enriches
cucumber nutritional quality through the promotion of biomass,
nutrient harvest, and soil nutrient content (Xiao et al., 2013) (Figure
1). Garlic extracts effectively reduces the hop stunt viroid in micro
propagated grape vine plantlets at the 74.45% concentration (Kang
and Jeong 2025). In cabbage plants intercropped with onions and
garlic, infection by Bemisi atabaci and Brevicoryne brassicae was
greatly reduced due to the repellent effect of the allicin compound,
resulting in a lower occurrence of these pests (Debra and Misheck,
2014). Garlic has been intercropped with eggplant, resulting in
improved growth and yields of the companion eggplant crop. These



benefits are attributed to garlic intercropping, which lowers oxidative
stress, enhances soil health, and increases nutrient availability. This
is evidenced by decreased stress (as indicated by lower MDA levels
and higher enzyme activity) and improved growth parameters such
as plant height, stem diameter, and leaf area, ultimately indicating
enhanced productivity and plant health (Wang et al. 2015). Garlic
clove extract was applied via foliar spray at three concentrations
(1:40, 1:20, and 1:10) two times at 30 and 45 days after sowing
(DAS) in a field trial on snap bean (Phaseolus vulgaris L.). The
treatment significantly enhanced growth characteristics, biochemical
attributes, and yield, likely due to the action of phytohormones.
Among the tested concentrations, the 1:10 dilution showed the
greatest improvement in plant biomass, number of pods, and overall
yield (Elzaawely et al., 2018). Garlic extracts considerably promotes
the growth of quinoa plants through enhanced plant height, branch
number, and fresh and dry weight. It also enhanced the contents of
chlorophyll a, chlorophyll b, and carotenoids. The greatest
improvements in growth were achieved with a concentration of 15%
garlic clove extract (El-Rokiek ef al., 2019).

The Faba bean - Nubaria 1 cultivar productivity under sandy soil
conditions has greatly influenced by garlic extracts application via
plant growth, biomass, pod number, and seed yield. Mainly which
is helps to reduce biochemical stress, increased stress tolerance
(Mohamed et al., 2020). Lettuce cultivars were tested for crop growth
and seed yield with regard to the impacts of individual as well as
combined foliar sprays of sodium selenate and garlic bulb extract.
Mainly antioxidant activity was enhanced and lipid peroxidation
was lowered by garlic extract, as it has enhanced seed germination
and plant emergence. With high polyphenol and quercetin, its
presence also influenced plant health as well as growth (Golubkina
etal., 2024). 100 pg.ml™" water garlic extract seed priming for 6 hours
was highly significant in increasing catalase and SOD activity over
control treatments, but extended priming (12 h) at 200 pg.ml! lowered
CAT activity. High levels of auxin (IAA) were detected in seedlings
exposed to garlic biochemicals, indicating a close association with
auxin biosynthesis (Hayat et al., 2020).

Foliar applications of garlic extract at 10 g/l have been shown to
improve the growth of pea plants by increasing yield components
such as pod weight and the number of seeds, as well as enhancing
vegetative growth (El-Rokiek ef al., 2019). Similarly, in faba beans,
garlic extract improves yield characteristics, including the number of
pods, seed yield, and seed weight. Furthermore, garlic compounds
increase biochemical parameters such as carbohydrates, amino acids,
and chlorophyll, thereby enhancing plant resistance to stress
(Mohamed et al., 2020).

10. Conclusion

Garlic extract is emerging as a powerful natural biostimulant that
promotes sustainable agriculture by offering an effective alternative
to synthetic agrochemicals. Rich in organosulfur compounds,
secondary metabolites, and phenolic compounds, garlic extract
addresses multiple agricultural challenges, including enhancing plant
growth, improving stress tolerance, and protecting crops from harmful
pathogens. By combining pest management and plant stimulation
within a single natural product, it provides a comprehensive and
eco-friendly solution for modern farming. Its insecticidal properties,
growth-promoting effects, and ability to modulate gene expression
strengthen plants’ natural defence mechanisms, enabling crops to
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better withstand adverse environmental conditions. The bioactive
compounds in garlic extract not only enhance crop resilience but also
contribute to improved soil health and long-term agricultural
sustainability. Moreover, integrating garlic extract into farming
practices helps mitigate the negative impacts of synthetic chemicals,
supporting ecological balance and fostering resilient, productive
agroecosystems.

11. Future aspect

Garlic extracts possess considerable potential to drive innovation in
agricultural practices, offering effective solutions to overcome critical
challenges. Garlic extracts are expected to play a significant role in
driving innovation in agricultural practices, providing effective
solutions to address critical challenges. Moving forward, this potential
will be realized through the development of advanced formulations
for seed treatment, soil applications, and plant growth enhancement.
In the agricultural sector, particularly in stress mitigation, the potential
of garlic will become a key focus. Future studies will investigate how
garlic’s bioactive compounds interact with plant metabolism,
physiological processes and gene expression, with the aim of
enhancing and demonstrating their beneficial effects. These
advancements will be developed into commercially viable and efficient
solutions to empower farmers with improved knowledge and
practical applications via natural based formulation. These scientific
advancements will be developed into commercially viable and efficient
natural-based formulations, empowering farmers with enhanced
knowledge and practical tools to foster sustainable and productive
farming systems.

Conflict of interest
The authors declare no conflicts of interest relevant to this article.
References

Aala, F.; Yusuf, U. K.; Nulit, R. and Rezaie, S. (2014). Inhibitory effect of allicin
and garlic extracts on growth of cultured hyphae. Iranian Journal
of Basic Medical Sciences, 17(3):150.

Abbott, L. K.; Macdonald, L. M.; Wong, M. T. F.; Webb, M. J.; Jenkins, S. N. and
Farrell, M. (2018). Potential roles of biological amendments for
profitable grain production: A review. Agriculture, Ecosystems and
Environment, 256:34-50.

Ahmad, P.; Sarwat, M. and Sharma, S. (2008). Reactive oxygen species, antioxi-
dants and signaling in plants. Journal of Plant Biology, 51:167-173.

Akullo, J. O.; Kiage, B.; Nakimbugwe, D. and Kinyuru, J. (2022). Effect of aqueous
and organic solvent extraction on in-vitro antimicrobial activity
of two varieties of fresh ginger (Zingiber officinale) and garlic
(Allium sativum). Heliyon, 8(9):192-198.

Ali, M.; Hayat, S.; Ahmad, H.; Ghani, M. L.; Amin, B.; Atif, M. J. and Cheng, Z.
(2019). Priming of Solanum melongena L. seeds enhances
germination, alters antioxidant enzymes, modulates ROS, and
improves early seedling growth: Indicating aqueous garlic extract
as seed-priming bio-stimulant for eggplant production. Applied
Sciences, 9(11):2203.

Alkuwayti, M. A. (2022). Exogenous application of Aloe vera leaf extract
improves silybin content in Silybum marianum L. by up-regulating
chalcone synthase gene. Agriculture, 12(10):1649.

Al-Shuraym, L. A. M.; Al-Keridis, L. A.; Al-Dakhil, A. A. and Al-Qahtani, W. S.
(2020). The impact of onion-garlic mixture to control of Rhyncho-
phorus ferrugineus in Saudi Arabia. Journal of the Saudi Society of
Agricultural Sciences, 19(8):521-527.



156

Anwar, A.; Gould, E.; Tinson, R.; Groom, M. and Hamilton, C. J. (2016). Think
yellow and keep green role of sulfanes from garlic in agriculture.
Antioxidants, 6(1):3.

Avendaiio-Ortiz, J.; Redondo-Calvo, F. J.; Lozano-Rodriguez, R.; Terron-Arcos, V.;
Bergon-Gutiérrez, M.; Rodriguez-Jiménez, C.; Rodriguez, J. F.; Del Campo,
R.; Gomez, L. A. and Bejarano-Ramirez, N. (2023). Thiosulfinate-enriched
Allium sativum extract exhibits differential effects between healthy
and sepsis patients:the implication of HIF-1a. Int. J. Mol. Sci.,
24(7):6234.

Bar, M.; Binduga, U. E. and Szychowski, K. A. (2022). Methods of isolation of
active substances from garlic (4/lium sativum L.) and its impact on
the composition and biological properties of garlic extracts.
Antioxidants, 11(7):1345.

Bhatwalkar, S. B.; Mondal, R.; Krishna, S. B. N.; Adam, J. K.; Govender, P. and
Anupam, R. (2021). Antibacterial properties of organosulfur com-
pounds of garlic (Allium sativum I). Front. Microbiol., 12:613077.

Borlinghaus, J.; Albrecht, F.; Gruhlke, M. C.; Nwachukwu, I. D. and Slusarenko, A.
J. (2014). Allicin: Chemistry and biological properties. Molecules,
19(8):12591-12618.

Boukhatem, M. N.; Ferhat, M. A.; Rajabi, M. and Mousa, S. A.(2022). Solvent-
free microwave extraction: An eco-friendly and rapid process for
green isolation of essential oil from lemongrass. Nat Prod Res,
36(2):664-667.

Cheng, F.; Cheng, Z; Meng, H. and Tang, X. (2016). The garlic allelochemical
diallyl disulfide affects tomato root growth by influencing cell
division, phytohormone balance and expansin gene expression.
Frontiers in Plant Science, 7:1199.

Cheng, H. and Huang, G. (2018). Extraction, characterisation and antioxidant
activity of Allium sativum polysaccharide. International Journal
of Biological Macromolecules, 114:415-419.

Chhouk, K.; Uemori, C.; Kanda, H. and Goto, M. (2017). Extraction of phenolic
compounds and antioxidant activity from garlic husk using carbon
dioxide expanded ethanol. Chemical Engineering and Processing:
Process Intensification, 117:113-119.

D’Addabbo, T.; Ladurner, E. and Troccoli, A. (2023). Nematicidal activity of a
garlic extract formulation against the grapevine nematode Xiphi-
nema index. Plants, 12(4):739.

Dai, X., Azi, F., Alnadari, F. and Yu, Z (2025). Developing organosulfur
compounds in 4//ium as the next-generation flavor and bioactive
ingredients for food and medicine. Critical Reviews in Food Science
and Nutrition, pp:1-19.

Dalhat, M. H.; Adefolake, F. A. and Musa, M. (2018). Nutritional composition
and phytochemical analysis of aqueous extract of Allium cepa
(onion) and Allium sativum (garlic). Asian Food Sci. J., 3(4):1-9.

Debra, K. R. and Misheck, D. (2014). Onion (4/lium cepa) and garlic (4llium
sativum) as pest control intercrops in cabbage-based intercrop
systems in Zimbabwe. IOSR Journal of Agriculture and Veterinary
Science, 7(2):13-17.

Di Sario, L., Boeri, P., Matus, J. T. and Pizzio, G. A. (2025). Plant biostimulants to
enhance abiotic stress resilience in crops. International Journal of
Molecular Sciences, 26(3):1129.

Ding, H.; Cheng, Z.; Liu, M.; Hayat, S. and Feng, H. (2016). Garlic exerts
allelopathic effects on pepper physiology in a hydroponic co-
culture system. Biology Open, 5(5):631-637.

El-Rokiek, K. G.; Dawood, M. G.; Sadak, M. S. and El Awadi, M. E. S. (2019). The
effect of the natural extracts of garlic or eucalyptus on the growth,
yield and some chemical constituents in quinoa plants. Bulletin of
the National Research Centre, 43:1-7.

El-Saadony, M. T.; Saad, A. M.; Korma, S. A.; Salem, H. M.; Abd El-Mageed, T. A.;
Alkafaas, S. S.; Elsalahaty, M. L; Elkafas, S. S.; Mosa, W. F. and Ahmed, A. E.
(2024). Garlic bioactive substances and their therapeutic applications
for improving human health: A comprehensive review. Frontiers in
Immunology, 15:1277074.

Elzaawely, A. A., Ahmed, M. E., Maswada, H. F., Al-Araby, A. A. and Xuan, T. D.
(2018). Growth traits, physiological parameters and hormonal status
of snap bean (Phaseolus vulgaris L.) sprayed with garlic cloves
extract. Archives of Agronomy and Soil Science, 64(8):1068-1082.

Farhan, M., Pan, J., Hussain, H., Zhao, J., Yang, H.,Ahmad, I. and Zhang, S. (2024).
Aphid-resistant plant secondary metabolites: Types, insecticidal
mechanisms, and prospects for utilization. Plants, 13(16):2332.

Godlewska, K., Ronga, D. and Michalak, I. (2021). Plant extracts-importance
in sustainable agriculture. Italian Journal of Agronomy, 16(2):1851.

Golubkina, N.; Kharchenko, V.; Moldovan, A.; Antoshkina, M.; Ushakova, O.;
Sékara, A.; Stoleru, V.; Murariu, O. C.; Tallarita, A. V. and Sannino, M. (2024).
Effect of selenium and garlic extract treatments of seed-addressed
lettuce plants on biofortification level, seed productivity and mature
plant yield and quality. Plants, 13(9):1190.

Golubkina, N.; Zayachkovsky, V.; Sheshnitsan, S.; Skrypnik, L.; Antoshkina, M.;
Smirnova, A.; Fedotov, M. and Caruso, G. (2022). Prospects of the
application of garlic extracts and selenium and silicon compounds
for plant protection against herbivorous pests: a review. Agriculture,
12(1):64.

Hafeez, M. B.; Hanif, A.; Shahzad, S.; Zahra, N.; Ahmad, B.; Kausar, A.; Batool, A.
and Ibrahim, M. U. (2024). Use of plant water extracts as biostimulants
to improve the plant tolerance against abiotic stresses. In Bio-
stimulantsin Plant Protection and Performance, pp:165-184.

Han, M.; Kasim, S.; Yang, Z.; Deng, X.; Saidi, N.; Uddin, M. and Shuib, E. (2024).
Plant extracts as biostimulant agents: A promising strategy for
managing environmental stress in sustainable agriculture. Phyton,
93(9):2149.

Hayat, S.; Ahmad, A.; Ahmad, H.; Hayat, K.; Khan, M. A. and Runan, T. (2022).
Garlic, from medicinal herb to possible plant bioprotectant: A review.
Scientia Horticulturae, 304:111296.

Hayat, S.; Ahmad, H.; Ali, M.; Hayat, K.; Khan, M. A. and Cheng, Z (2018). Aqueous
garlic extract as a plant biostimulant enhances physiology, improves
crop quality and metabolite abundance, and primes the defence
responses of receiver plants. Applied Sciences, 8(9):1505.

Hayat, S.; Ahmad, H.; Nasir, M.; Khan, M. N.; Ali, M.; Hayat, K.; Khan, M. A.; Khan,
F.; Ma, Y. and Cheng, Z (2020). Some physiological and biochemical
mechanisms during seed-to-seedling transition in tomato as
influenced by garlic allelochemicals. Antioxidants, 9(3):235.

Hayat, S.; Cheng, Z.; Ahmad, H.; Ali, M.; Chen, X. and Wang, M. (2016). Garlic,
from remedy to stimulant: evaluation of antifungal potential reveals
diversity in phytoalexin allicin content among garlic cultivars and
allicin-containing aqueous garlic extracts trigger antioxidants in
cucumber. Frontiers in Plant Science, 7:1235.

Hirata, Y., Nagase, H., Satoh, K., Takemori, H., Furuta, K., & Kamatari, Y. O. (2025).
Antiferroptotic properties of allicin and related organosulfur
compoundsdiallyl disulfide and diallyl trisulfidefrom Garlic. Food
and Chemical Toxicology, 195:115-124.

Huang, S.; Huang, H.; Xie, J.; Wang, F.; Fan, S.; Yang, M.; Zheng, C.; Han, L. and
Zhang, D. (2022). The latest research progress on the prevention of
storage pests by natural products: species, mechanisms, and sources
of inspiration. Arabian Journal of Chemistry, 15(11):104189.

Iciek, M.; Kwieciefi, I. and W3odek, L. (2009). Biological properties of garlic
and garlic derived organosulfur compounds. Environmental and
Molecular Mutagenesis, 50(3):247-265.



Jiménez-Amezcua, L.; Gonzilez-Prada, A.; Diez-Municio, M.; Soria, A. C.; Ruiz
Matute, A. I and Sanz, M. L. (2023). Simultanecous microwave-assisted
extraction of bioactive compounds from aged garlic. Journal of
Chromatography A, 1704:464128.

Kang, C. M. and R. D. Jeong (2025). Inhibitory effects of garlic extract on
hop stunt viroid in micropropagated grapevine plantlets. The Plant
Pathology Journal, 41(1):51.

Kasim, W. A. E.A.; Nessem, A. A. and Gaber, A. (2017). Alleviation of drought
stress in Vicia faba by seed priming with ascorbic acid or extracts of
garlic and carrot. Egyptian Journal of Botany, 57:45-59.

Katsenios, N.; Sparangis, P.; Vitsa, S.; Leonidakis, D. and Efthimiadou, A. (2023).
Application of biostimulants and herbicides as a promising co-
implementation: The incorporation of a new cultivation practice.
Agronomy, 13(10):2634.

Khan, A. A.; Wang, Y. F.; Akbar, R. and Alhoqail, W. A. (2025). Mechanistic
insights and future perspectives of drought stress management in
staple crops. Frontiers in Plant Science, 16:1547452.

Khan, A. W.; Ding, Y. and Muthamilarasan, M. (2025). Transcriptional and
epigenetic landscapes of abiotic stress response in plants. Frontiers
in Plant Science, 16:1541642. Frontiers Media SA.

Kisiriko, M., Anastasiadi, M., Terry, L. A., Yasri, A., Beale, M. H. and Ward, J. L.
(2021). Phenolics from medicinal and aromatic plants: Characteri-
sation and potential as biostimulants andbioprotectants. Molecules,
26(21):6343.

Kumar, V. Y.; Kavitha, S.; B than, P.; M i, V.; Hemavathy, A. T.;
Malarkodi, K.; Sudha, A. and Pradipa, C. (2025). Boosting crop
productivity: The essential role of biostimulants under abiotic stress
conditions. Plant Science Today, 12(2):1-14.

Kumari, N.; Kumar, M.; Radha; Rais, N.; Puri, S.; Sharma, K.; Natta, S.; Dhumal,
S.; Damale, R. D.; Kumar, S.; Senapathy, M.; Deshmukh, S.V.; Anitha, T.; Prabhu,
T.; Shenbagavalli, S.; Balamurugan, V.; Lorenzo, J. M. and Kennedy, J. F. (2024).
Exploring apple pectic polysaccharides: Extraction, characteriza-
tion, and biological activities: A comprehensive review. Int. J. Biol.
Macromol., 255:128011.

Kutasy, B.; Decsi, K.; Kiniczky, M.; Hegedis, G and Virag, E. (2022). Time-course
gene expression profiling data of Triticum aestivum treated by
supercritical CO, garlic extract encapsulated in nanoscale liposomes.
Data in Brief, 42:108287.

Loghmanifar, S.; Roozbeh Nasiraie, L.; Nouri, H. and Jafarian, S. (2022).
Optimization of ultrasound-assisted garlic extraction using response
surface methodology. Scientia Iranica, 29(6):3188-3197.

Maia, M. R., Arcanjo, A. L. P., Pinho, G. P. and Silvério, F. O. (2017). Solid-liquid
extraction with low temperature purification coupled with gas
chromatography and mass spectrometry for determination of
polychlorinated biphenyls in sewage sludge. Journal of the Brazilian
Chemical Society, 28:179-186.

Mobki, M.; Safavi, S. A.; Safaralizadeh, M. H. and Panahi, 0.(2014). Toxicity and
repellency of garlic (A/lium sativum L.) extract grown in Iran
against Tribolium castaneum (Herbst) larvae and adults. Archives
of Phytopathology and Plant Protection, 47(1):59-68.

Mohamed, H. L and Akladious, S. A. (2014). Influence of garlic extract on
enzymatic and non enzymatic antioxidants in soybean plants
(Glycine max) grown under drought stress. Life Sci. J., 11(3):46-58.

MoMohamed, M. H.; Badr, E. A.; Sadak, M. S. and Khedr, H. H. (2020). Effect of
garlic extract, ascorbic acid and nicotinamide on growth, some
biochemical aspects, yield and its components of three faba bean
(Vicia faba L.) cultivars under sandy soil conditions. Bulletin of the
National Research Centre, 44:1-8.

157

Mondéjar-Lépez, M.; Lopez-Jiménez, A. J.; Gomez-Gomez, L.; Ahrazem, O.; Garcia-
Martinez, J. C. and Niza, E. (2024). Field crop evaluation of polymeric
nanoparticles of garlic extract-chitosan as biostimulant seed nano-
priming in cereals and transcriptomic insights. Polymers,
16(23):3385.

Nakamoto, M.; Kunimura, K.; Suzuki, J. I. and Kodera, Y. (2020). Antimicrobial
properties of hydrophobic compounds in garlic: Allicin, vinyldithiin,
ajoene and diallyl polysulfides. Experimental and Therapeutic
Medicine, 19(2):1550-1553.

Nwachukwu, L. D. and Asawalam, E. F. (2014). Evaluation of freshly prepared
juice from garlic (4/lium sativum L.) as a biopesticide against the
maize weevil, Sitophilus zeamais (Motsch.) (Coleoptera:
Curculionidae. Journal of Plant Protection Research, 54(2):132-
138.

Omar, S. H. and Al-Wabel, N. (2010). Organosulfur compounds and possible
mechanism of garlic in cancer. Saudi Pharmaceutical Journal,
18(1):51-58.

Pandey, P.; Irulapp M. V. and Senthil-Kumar, M. (2017).
Impact of combined abiotic and biotic stresses on plant growth and
avenues for crop improvement by exploiting physio-morphological

traits. Frontiers in Plant Science, 8:537.

V.; Bagavathi

Parvu, M.; Mo, C. A.; Pérvu, A. E.; Mircea, C.; Stoeber, L.; Ro°ca-Casian, O. and
Pigu, A. B. (2019). Allium sativum extract chemical composition,
antioxidant activity and antifungal effect against Meyerozyma
guilliermondii and Rhodotorula mucilaginosa causing onychomy-
cosis. Molecules, 24(21):3958.

Perellé, A.; Gruhlke, M. and Slusarenko, A. J. (2013). Effect of garlic extract
on seed germination, seedling health, and vigour of pathogen-
infested wheat. Journal of Plant Protection Research, 53(4).

Plata-Rueda, A.; Martinez, L. C.; Santos, M. H. D.; Fernandes, F. L.; Wilcken, C. F.;
Soares, M. A.; Serrdo, J. E. and Zanuncio, J. C. (2017). Insecticidal activity
of garlic essential oil and their constituents against the mealworm
beetle, Tenebrio molitor Linnaeus (Coleoptera: Tenebrionidae.
Scientific Reports, 7(1):46406.

Pourghasemian, N., Moradi, R., Naghizadeh, M. and Landberg, T. (2020).
Mitigating drought stress in sesame by foliar application of salicylic
acid, beeswax waste and licorice extract. Agricultural Water Manage-
ment, 231:105-997.

Rahman, M. S. (2007). Allicin and other functional active components in
garlic: Health benefits and bioavailability. International Journal of
Food Properties, 10(2):245-268.

Ren, K.; Hayat, S.; Qi, X.; Liu, T. and Cheng, Z. (2018). The garlic allelochemical
DADS influences cucumber root growth involved in regulating
hormone levels and modulating cell cycling. Journal of Plant
Physiology, 230:51-60.

Sahidur, M.; Islam, S. and Jahurul, M. (2023). Garlic (4/lium sativum) as a
natural antidote or a protective agent against diseases and toxicities:
A critical review. Food Chemistry Advances, 3:100353.

Shang, A.; Cao, S.Y.; Xu, X.Y.; Gan, R.Y.; Tang, GY.; Corke, H.; Mavumengwana, V.
and Li, H.B. (2019). Bioactive compounds and biological functions of
garlic (Allium sativum L.). Foods, 8(7):246.

Shekhar, S., Prakash, P., Singha, P., Prasad, K. and Singh, S. K. (2023). Modeling
and optimization of ultrasound-assisted extraction of bioactive
compounds from Allium sativum leaves using response surface
methodology and artificial neural network coupled with genetic
algorithm. Foods, 12(9):1925.



158

Shinde, V. and Mahadik K. (2019). Supercritical fluid extraction: A new
technology to herbals. Int. J. Herb. Med., 7:27-34.

Soares, T. F. S. N.; da Silva,A. V. C. and Muniz, E. N. (2021). Moringa leaf extract:
A cost-effective and sustainable product to improve plant growth.
South African Journal of Botany, 141:171-176.

Sunanta, P.; Kontogiorgos, V.; Pankasemsuk, T.; Jantanasakulwong, K.;
Rachtanapun, P.; Seesuriyachan, P. and Sommano, S. R. (2023). The
nutritional value, bioactive availability and functional properties
of garlic and its related products during processing. Frontiers in
Nutrition, 10, 1142784.

Talib, W. H.; Atawneh, S.; Shakhatreh, A. N.; Shakhatreh, G A. N.; Hamed, R. A.;
and Al-Yasari, I. H. (2024). Anticancer potential of garlic bioactive
constituents: Allicin, Z ajoene, and organosulfur compounds.
Pharmacia, 71:1-23.

Tang, J.; Yao, D.; Xia, S.; Cheong, L.Z. and Tu, M. (2024). Recent progress in
plant-based proteins: From extraction and modification methods
to applications in the food industry. Food Chemistry: X, 24:101540.

Tedeschi, P.; Leis, M.; Pezzi, M.; Civolani, S.; Maietti, A. and Brandolini, V. (2011).
Insecticidal activity and fungitoxicity of plant extracts and
components of horseradish (4rmoracia rusticana) and garlic (Allium
sativum. Journal of Environmental Science and Health, Part B,
46(6):486-490.

Igu, A. B.; Moldovan, C. S.; Toma, V.A.; Farca’, A. D.; Mo, A. C.; Jurj, A.; Fischer-
Fodor, E.; Mircea, C. and Parvu, M. (2021). Phytochemical analysis and in
vitro effects of Allium fistulosum L. and Allium sativum L. extracts
on human normal and tumor cell lines: A comparative study.
Molecules, 26(3):574.

Ting-Ting, W.; Zhi-Hui, C.; Khan, M. A.; Qing, M. and Ling, H. (2011). The
inhibitive effects of garlic bulb crude extract on Fulvia fulva of
tomato. Pak. J. Bot.; 43(5):2575-2580.

Tiwari, R. and Rana, C. (2015). Plant secondary metabolites: A review.
International Journal of Engineering Research and General Science,
3(5):661-670.

Wang, X.; Liu, R.; Yang, Y. and Zhang, M. (2015). Isolation, purification and
identification of antioxidants in an aqueous aged garlic extract. Food
Chemistry, 187:37-43.

Xiao, X.; Cheng, Z.; Meng, H.; Liu, L.; Li, H. and Dong, Y. (2013). Intercropping
of green garlic (Allium sativum L.) induces nutrient concentration
changes in the soil and plants in continuously cropped cucumber
(Cucumis sativus L.) in a plastic tunnel. PLoS One, 8(4):¢62173.

Yan, J.K.; Wang, C.; Yu, Y.B.; Wu, L.X.; Chen, T.T. and Wang, Z.W. (2021).
Physicochemical characteristics and in vitro biological activities of
polysaccharides derived from raw garlic (4/ium sativum L.) bulbs
via three-phase partitioning combined with gradient ethanol
precipitation method. Food Chemistry, 339:128081.

Yingngam, B.; Navabhatra, A.; Brantner, A. H.; Keatkwanbud, N.; Krongyut, T.;
Nakonrat, P. and Triet, N. T.(2022). One-pot extraction and enrichment
of diallyl trisulfide in garlic oil using an eco-friendly solvent-free
microwave extraction method. Sustainable Chemistry and
Pharmacy, 27:100655.

Younas, M. U.; Igbal, M.; Ahmad, N.; Igbal, S.; Kausar, A.; Nazir, A.; Mohammed,
0. A. and Anjum, F.(2025). Biogenic synthesis of zinc oxide
nanoparticles using NARC G1 garlic (4l/lium sativum) extract, their
photocatalytic activity for dye degradation and antioxidant activity
of the extract. Results in Chemistry, 13:102035.

Zhang, P.; Wang, H.; Huang, S. and Zhang, Y.(2025). Optimizing the extraction
process, analyzing the composition and biological activity of
essential oil from Artemisia scoparia using enzyme-assisted steam
distillation. Sustainable Chemistry and Pharmacy, 44:101940.

Zhang, X.; Yin, J.; Ma, Y.; Peng, Y.; Fenton, O.; Wang, W. and Chen, Q. (2024).
Unlocking the potential of biostimulants derived from organic
waste and by-product sources: Improving plant growth and tolerance
to abiotic stresses in agriculture. Environmental Technology and
Innovation, 34:103571.

Zhu, Q.; Kakino, K.; Nogami, C.; Ohnuki, K.; and Shimizu, K. (2016). An LC-MS/
MS-SRM method for simultaneous quantification of four represen-
tative organosulfur compounds in garlic products. Food Analytical
Methods, 9:3378-3384.

J. Yokesh Rajkumar, K. Natarajan, K. Malarkodi, V. Yogesh Kumar, G. Preetha and M. Gnana Chitra (2025).
(OG1EL Garlic derived compounds in plant health management: A review of current insights and future direction. Ann.
Phytomed., 14(2):148-158. http://dx.doi.org/10.54085/ap.2025.14.2.15.




