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Abstract 
 
Worldwide the majority of fungal wheat diseases may be controlled chemically, but natural plant products have been 
shown to exert biological activity against wheat fungal pathogens in vitro and in vivo and can be used as bio-fungicidal 
products. Natural plant products have a specific mode of action and a confined target range. They are also often 
harmless to hostile microorganisms, have a shorter shelf life, and provide no residual traits. Frequently included in 
integrated pest management (IPM) schemes, they are generally less hazardous to humans and the environment than 
traditional synthetic chemical pesticides. Also, the use of chemical products is limited due to undesirable environmental 
effects and the emergence of resistant pathogens to fungicides. The major compounds that have been investigated to 
date include phenols, flavonoids, quinones, terpenes, tannins, alkaloids, lectins, polypeptides, saponins and sterols. 
These products may have fungicidal or fungistatic activity on plant pathogens or they can create conditions 
unfavourable for establishment and multiplication of pathogenic microorganisms on host plants. In this study, we have 
discussed the sensitivity of most important fungal pathogens of wheat against different natural extracts products and 
essential oils and their main components, together with their modes of action in controlling wheat diseases. The option 
of replacing fossil oil-based chemicals with plant product formulations fits well with food and agriculture policies 
directed to the future. 
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INTRODUCTION 
 
In the last decades, organic crops are constantly 
expanding, and the demand for healthy food, 
with no chemical residual products, is 
increasing. 
Cereals are one of the most important crops 
worldwide and they are vital for human 
consumption and animal feed (Neupane et al., 
2022). To feed the estimated 9.8 billion people 
on the planet by 2050, the supply of cereal food 
must rise by 70-100% and 2-3% (annually) 
(Hawkesford et al., 2013; Ray et al., 2013; 
Tripathi et al., 2016). Maintaining access to 
safe, disease- and pest-free and affordable 
agricultural products and raw materials and 
ensuring sustainable agricultural production are 
challenges that must be faced in the context of 
climate changes, which impact both natural and 
agricultural ecosystems with severe economic 
consequences (Răduțoiu, 2022; Răduţoiu & 
Stan, 2022; Răduțoiu, 2023; Velea et al., 2021; 
Zală, 2021; Zală et al., 2023a). Also, there is 

serious concern that climate zones will move 
faster that it is possible for plant populations to 
track them, which is expected to determine 
disproportionate extinction of local endemic 
species (Răduţoiu & Băloniu, 2021; Răduțoiu 
et al., 2023).  
One of the most significant impacts of climate 
change on cereals is the increase in temperature 
(Chakraborty & Newton, 2011; Chakraborty, 
2013). According to previous studies, over the 
next 30 years, the earth's average surface 
temperature will rise at a rate of about 0.2 
degrees Celsius every decade (Bernstein et al., 
2008). Higher temperatures can lead to heat 
stress in plants, which can result in reduced 
yields and increased susceptibility to diseases 
(Coakley et al., 1999; Paraschivu et al., 2017; 
Paraschivu et al., 2019; Paraschivu et al., 2021; 
Paraschivu et al., 2023). For example, a 1°C 
increase in temperature during wheat 
cultivation could result in a 3-10% decrease in 
crop yields (Yao et al., 2012). This is because 
pathogens, such as fungi and bacteria, thrive in 
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warm and moist conditions, and can infect 
plants more easily when they are stressed.  
In order to control pathogens, the current 
problems related to the consequences caused by 
fungal and viral plant diseases along with those 
caused by agricultural pollution (Bonciu, 
2023b; 2023c) require essential changes in 
plant cropping and  breeding technologies 
(Bonciu, 2023a; Lipianu et al., 2023; Zală et 
al., 2023b). One of the most modern such 
technologies is agricultural biotechnology and 
genomics (De Souza and Bonciu, 2022a; 
2022b), which is able to ensure the creation of 
varieties and forms of plants with targeted 
performances: increased productivity and 
quality, resistance to diseases and tolerance to 
unfavorable climatic factors. Thus, in the 
context of increasingly obvious climate change, 
adapted technological measures are required in 
all crops in order to prevent the increasingly 
pronounced influence that weeds, pathogens 
and pests have on the quantity and quality of 
production (Matei et al., 2019; 2020; 2022).  
Also, other practical way to reduce yield losses 
is to investigate alternative organic products 
with fungicide effect. This approach can result 
in the eco-friendly usage of natural products 
and other qualities that have minimal adverse 
effects. 
For the past few decades, it is estimated that 
there are more than 250.000 higher plant 
species that can be evaluated for their 
antimicrobial bioactive chemical compounds, 
especially plant extracts and oils (EOs) 
(Tegegne and Pretorius, 2007; Shuping and 
Eloff, 2017; Zaker, 2016). Many plant extracts 
have demonstrated potent antifungal activity 
(with MIC values below 1.0 mg/mL) using in 
vitro assays, but only a few were tested in vivo 
(Drakopoulos et al., 2020; Seepe et al., 2020). 
The lack of resources and expertise needed to 
carry out pertinent in vivo experiments in the 
field or in a greenhouse remain one of the 
limiting issues. 
Despite of this, medicinal and other plant 
extracts have attracted attention in the pesticide 
industry based on their antimicrobial properties 
due to spectrum of their constituent secondary 
metabolites such as phenols, polyphenols, 
flavonoids, glycosides, tannins, alkaloids and 
other compounds that may inhibit the 
development of resistance due to the presence 

of different constituent antimicrobial 
compounds and their synergisms (Calvo et al., 
2011; Mahlo et al., 2010; Mdee et al., 2009; 
Rishi and Singh, 2003; Sultana et al., 2013). 
Also, the components with phenolic structures, 
like carvacrol, eugenol, and thymol, were 
highly active against the plant pathogens, 
enhancing plant defence mechanisms against 
pathogenic microorganisms (Das et al., 2010).  
Majority of the researches on bio-active plant 
extract and essential oils (EOs) emphasized on 
effect of plant extracts against plant pathogens 
or diseases. Essential oils contain a mixture of 
different compounds such as monoterpenes, 
diterpenes, sesquiterpenes, aliphatic and other 
aromatic compounds that are volatile in nature 
(Koul et al., 2008; Nuzhat and Vidyasagar, 
2013).They are oily liquids obtained from 
medicinal plants, herbs, spices and aromatic 
plant species (parts including the flowers, 
leaves, barks, roots, seeds, fruits and whole 
plants) through fermentation, efleurage and 
steam distillation (Burt, 2004), whereas plant 
extracts, in contrast are obtained from dried 
plant products by filtration and evaporation 
using various solvents (Van de Braak and 
Leijten, 1999; Wang et al., 2004). 
As part of Integrated Pest management (IPM), 
natural plant products have a narrow target 
range with specific mode of action, therefore 
are suitable for a specific target, mostly 
nontoxic for antagonistic microorganisms, 
show limited field persistence and have a 
shorter shelf life and no residual threats (Zaker, 
2016).  
Previous findings suggest that plant extracts 
can work by targeting the plasma membrane in 
the majority of infections, increasing the 
permeability of the fungal cell wall, and 
disrupting the normal actions of the 
topoisomerase enzymes (Kawakami et al., 
2015), while essential oils (EOs) are associated 
with disruption of the fungal cell wall integrity 
through the inhibition of chitin and β-glucans 
synthesis, disruption of the cell membrane, 
such as by binding to or inhibiting ergosterol 
biosynthesis, mitochondria dysfunction arising 
from inhibition of electron transport and 
respiratory chain proton pumps, cell division 
inhibition via interference with microtubule 
polymerization, inhibition of ribonucleic acid, 
deoxyribonucleic acid or protein synthesis; and 
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efflux pump inhibition (Lagrouh et al., 2017; 
Seepe et al., 2021). The underlying 
mechanisms are not clearly understood, but 
involvement of induced resistance is 
considered (Fokkema, 1993). 
Different previous studies have demonstrated 
the excellent properties of plant extracts and 
essential oils for their antimicrobial and 
antioxidant activities (Celikel and Kavas, 2008; 
Tajkarimi et al., 2010). 
Considering the findings above, a crucial first 
step toward sustainable crop production is 
reducing the use of traditional synthetic 
fungicides in the presence of efficient natural 
alternatives. Thus, the present paper 
emphasises in the following subsections, a 
review of some studies conducted in the past 
years on antifungal activity of plant extracts 
and essential oils isolated from plants against 
the main pathogens in wheat.  
 
NATURAL PRODUCTS AGAINST 
WHEAT RUSTS 
 
In many wheat-growing areas, one of the most 
significant constrainer to wheat productivity is 
Puccinia triticina which produces leaf rust. The 
fungus is able to cause severe yield losses 
reaching up to 50% (Draz et al., 2015). The 
severity of the disease depends upon the 
developmental stage of the plant and its 
susceptibility of the plant (Duplessis et al., 
2021). Usually, the disease management is 
based on the use of resistant cultivars and 
application of chemical fungicides, but 
alternative control methods are required (Barro 
et al., 2017).  
Hassan et al. (1992) reported that rust pustules 
on the wheat leaves can be reduced with leaf 
extracts of Datura stramoniu. In 2019 Draz et 
al. have tested five plant extract (i.e. henna, 
Lawsonia inermis; acalypha, Acalypha 
wilkesiana; chinaberry, Melia azedarach; 
pomegranate, Punica granatum; and lantana, 
Lantana camara) against leaf rust infection 
caused by Puccinia triticina showing that 
Infection Coefficient (IC) decreased for all 
tested variants with values that ranged between 
7.5 to 20. The most effective one was the 
extract of Lantana camara with 88.88% 
efficiency which was very close to the 

fungicide “diniconazole” 
(efficiency = 89.92%). 
The efficacy of eight plant extracts (garlic, 
clove, garden quinine, Brazilian pepper, anthi 
mandhaari, black cumin, white cedar and 
neem) in controlling leaf rust disease of wheat 
was investigated in vitro and in vivo (Shabana 
et al., 2017). In vitro, all treatments inhibited 
spore germination by more than 93%, while in 
vivo foliar spray application of wheat plants at 
mature stage with all plant extracts has 
significantly reduced the leaf rust infection. 
The efficiency in the treatment of leaf rust of 
wheat was examined also for plant leaf extracts 
of Neem and Moringa at varied concentrations 
of 50, 100, and 150 ml correspondingly. All 
treatments decreased fungal growth in vitro by 
greater than 90% (Afzal et al., 2023).  
The methanol extracts of henna, lantana, 
acalypha, chinaberry, and pomegranate 
exhibited a 100% - inhibition of P. triticina 
spores germination (Elkhwaga et al., 2018). 
The aqueous leaf extracts of Jacaranda 
mimosifolia (Bignoniaceae), Thevetia 
peruviana (Apocynaceae) and Calotropis 
procera (Apocynaceae) inhibited P. triticina 
urediniospore germination in vitro by strongly 
stimulated defense-related gene expression and 
the subsequent accumulation of pathogenesis-
related (PR) proteins in the apoplast of 
inoculated wheat leaves (Naz et al., 2014).  
The plant oils could potentially be used alone 
in organic growing or in rotation with synthetic 
fungicides in an integrated pest management 
(IPM) program in the conventional wheat 
growing. Unlike many fungicides, resistance to 
plant oils has not been reported yet. In vivo 
results indicated that the use of plant oils could 
be also a valid treatment to control infections 
caused by P. triticina. Thus, the efficacy of 
eight plant oils (castor, corn, cottonseed, 
linseed, olive, peanut, soybean and sunflower 
seed oils) was evaluated as possible alternatives 
to synthetic fungicides for the control of                  
P. triticina (Arslan, 2014). The percentage of 
inhibition in urediniospore germination of all 
tested plant oils ranged from 0 to 84.9% against 
P. triticina, linseed oil providing the best 
control at 2.5 % concentration in vitro and at 
1% concentration in vivo.   
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Stem rust, caused by Puccinia graminis f. sp. 
tritici, is one of the three main rusts attacking 
wheat plants worldwide.  
Omara et al. (2020) showed that leaf extract of 
Artemisia cina inhibited spore germination and 
increased incubation and latent periods in 
wheat stem rust than other treatments. Also, 
garlic oil revealed the highest suppression of 
stem rust severity followed by cinnamon, 
thyme, onion and clove oils, respectively 
(Abdel-Kader et al., 2021). According to the 
report of Uwineza et al. (2018), pennyroyal 
(Mentha pulegium), Atlas cedar (Cedrus 
atlantica) and clove (Eugenia aromatica), are 
potentially effective plant sources against 
yellow rust caused by P. striiformis on wheat. 
Wan et al. (2017) underlined that application of 
the EOs together with resistant cultivars may 
alleviate this constraint by preventing the 
emergence of new races.  
 
NATURAL PRODUCTS AGAINST 
Fusarium species IN WHEAT 
 
Fusarium fungal pathogens produce in wheat 
seedling and head blights leading to devastating 
economic yield loss in the field and result in a 
greater impact on food insecurity. Moreover, 
often in cereal grain samples analysed are 
found mycotoxins such as deoxyvalenol or 
vomitoxin (DON), toxin T-2, 
monoacetoxyscirpenol (MAS), 
diacetoxyscirpenol (DAS) and nivalenol (NIV), 
which can produce food intoxications that are 
manifesting through sickness, vomiting, 
diarrhoea, headache, abdominal pains, fever, 
oesophageal cancer, carcinogenesis, 
mutagenicity and neural tube defects etc. in 
livestock (Reddy et al., 2010). Thus, beside 
conventional fungicides using alternative 
organic products with fungicide effect are 
required. Seepe et al. (2021) emphasized that 
he families with high frequencies of evaluated 
species against Fusarium pathogens were 
Solanaceae, followed by Combretaceae and 
Fabaceae and Euphorbiaceae. Leaf extracts 
from these plants demonstrated potent in vitro 
activities (minimum inhibitory concentrations 
<1.0 mg/mL) against nine Fusarium species. 
Often, in cereals, Fusarium oxysporum was the 
most frequently used pathogen, followed by              
F. graminearum. 

Velluti et al. (2004) evaluated 37 essential oils 
(of which lemongrass, cinnamon, clove, 
palmarosa and oregano) and showed antifungal 
activity against Fusarium sp. Also, the 
antifungal effect of Aloe Vera (syn:                          
A. barbadensis) as inhibitor of mycelium 
growth of Fusarium oxysporum was reported 
(Rodriguez et al., 2005). Kumar et al. (2007) 
reported Chenopodium ambrosioides can 
inhibit two aflatoxigenic strains of                               
F. oxysporum and other fungi, while and 
essential oil of Peumusboldus was effective 
against Fusarium spp. (Souza et al., 2005). 
Cheng et al. (2008) investigated the antifungal 
activity of essential oil from Calocedrus 
macrolepis var. formosana and its constituents 
T-murolol and a-cadinol on the growth of plant 
pathogenic fungi which also inhibited the 
growth of Fusarium oxysporum. Also, Abo El-
Seoud et al. (2005) evaluated essential oils of 
fennel, peppermint, caraway, eucalyptus, 
geranium and lemongrass for their 
antimicrobial activities against F. oxysporum 
and other fungi and found that essential oils of 
fennel, peppermint and caraway can be used as 
active ingredients for formulating biocides. The 
use of essential oils obtained from Carum 
carvi, Cymbopogon nardus, Pelargonium 
roseum, Pimentadioica and Thymus vulgaris 
was found as effective against mycelium 
growth F. oxysporum (Zabka et al., 2009). 
Also, Deba et al. (2008) tested the fungitoxic 
activities of the flower essential oils of Bidens 
pilosa against Fusarium spp., while in 2010, 
Naeini et al. observed anti-Fusarium properties 
of five EO of Cuminum cyminum and Zataria 
multiflora. 
Different studies emphasized the antifungal 
activity against Fusarium oxysporum of 
essential oils obtained from plants used in 
traditional medicine, such as: Aconitum laeve 
Royle (Ranunculaceae) (MIC – Minimum 
Inhibitory Concentration - value of 300 
µg/mL), Artemisia sieberi Besser. (Asteraceae) 
(MIC value of 60 µg/mL), Bupleurum falcatum 
L. (Apiaceae) (MIC of 2 µg/mL), Cannabis 
sativa L. (Cannabidaceae) (Inhibition of 
93.58% at 1 µL/mL), Cinnamomum camphora 
(Lauraceae) (inhibition of 49% at 3000 µL/L), 
Citrus aurantium (Rutaceae) (inhibition of 
57.75% at 1 µL/mL), Citrus reticulata L. 
(Rutaceae) (inhibition of 70% at 0.15 mL/100 
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mL), Cuminum cyminum (Apiaceae) (MIC 
value of 72 µg/mL), Cymbopogon citratus, 
Stapf. (Poaceae) (inhibition of 100% at 2500 
µL/L), Cymbopogon nardus (L.) Rendle 
(Poaceae) (inhibition of 85.56% at 1 µL/mL), 
Echinophora platyloba DC. (Apiaceae) 
(inhibition of 51.8% at 1 µL/L), Eucalyptus sp. 
(Myrtaceae) (inhibition of 55.11% at 1500 
µL/L), Foeniculum vulgare Mill. (Apiaceae) 
(MIC value of 72 µg/mL), Helichrysum 
splendidum (Thunb.) Less. (Asteraceae) 
(inhibition of 58% at 3000 µL/L), Heracleum 
persicum Desf. Ex Fischer. (Apiaceae) (MIC 
value of 530 µg/mL), Lippia rehmannii H. 
Pearson (Verbenaceae) (inhibition of 72% at 
500 µL/L), Matricaria recutita (L.) syn. 
(Asteraceae) (inhibition of 56.0% at 62.5 
µg/mL), Melaleuca alternifolia (Myrtaceae) 
(MIC value of 0.91 mg/mL),  Mentha spicata L. 
(spearmint) (Lamiaceae) (inhibition of 79% at 
2000 µL/L), Nepeta cataria L. (Lamiaceae) 
(inhibition of 97.86% at 1 µL/mL),  Ocimum 
basilicum L. (Lamiaceae) (inhibition of 74.87% 
at 1 µL/mL), Origanum heracleoticum L. 
(Lamiaceae) (MIC value of 0.07 mg/mL), 
Origanum majorana L. (Lamiaceae) (inhibition 
of 59.36% at 1 µL/mL), Origanum vulgare L. 
(Lamiaceae) (MIC value of 50 µg/mL), 
Pelargonium roseum L. (Geraniaceae) 
(inhibition of 85.56% at 1 µL/mL), Mentha 
piperita L. (Lamiaceae) (MIC value of 1.50 
µg/mL ), Pimenta dioica (L.) Merr. 
(Myrtaceae) (inhibition of 100% at 1 µL/mL), 
Pimpinella anisum L. (Apiaceae) (MIC value 
of 120 µg/mL), Rosa damascena P. Mill. 
(Rosaceae) (MIC value of 0.29 mg/mL), 
Rosmarinus officinalis (rosemary) (Lamiaceae) 
(MIC value of 410 µg/mL), Salvia sclarea L. 
(Lamiaceae) (inhibition of 58.82% at                             
1 µL/mL), Satureja hortensis L. (Lamiaceae) 
(MIC value of 0.14 mg/mL), Silene armeria L. 
(Caryophyllaceae) (MIC value of 500 µg/mL), 
Stachys pubescens Ten. (Lamiaceae) (MIC 
value of 1 µg/mL), Syzigium aromaticum L. 
(Myrtaceae) (Inhibition of 83% at 250 µL/L), 
Thymus daenensis Celak. (Lamiaceae) (MIC 
value of 4 µg/mL), Thymus kotschyanus Boiss. 
& Hohen. (Lamiaceae) (MIC value of 0.5 
µg/mL), Thymus kotschyanus Boiss. & Hohen. 
(Lamiaceae) (MIC value of 75 µg/mL), Thymus 
vulgaris L. (Lamiaceae) (MIC value of                 
0.14 mg/mL), Xylopia aethiopica (Dunal) A. 

Rich. (Annonaceae) (MIC value of 3000 ppm), 
Zataria multiflora Boiss. (Lamiaceae) (MIC 
value of 66 µg/mL) (Ahmad and Beg, 2001; 
Chutia et al., 2009; Da Cruz Cabral et al., 2013; 
Khosravi et al., 2020; Manganyi et al., 2015; 
Moghaddam et al., 2015; Mohammadi et al., 
2024; Naeini et al., 2010; Stević et al., 2014; 
Tegang et al., 2018; Zabka et al., 2009). 
In 2007 Singh et al. reported 100% effect of 
Cinnamon leaf oil against Fusarium 
graminearum. Also, other studies emphasized 
the antifungal effect of Curcuma longa L. 
(Zingiberaceae) (MIC value of 2450 µg/mL), 
Eucalyptus sp. (Myrtaceae) (inhibition of 
55.11% at 1000 µL/L) and Zhumeria majdae 
Rech. f. & Wendelbo (Lamiaceae) (inhibition 
of 75.11% at 1000 µL/L) against Fusarium 
graminearum (Davari and Ezazi, 2017; Kumar 
et al., 2016).  
The results also showed that the essential oils 
(Eos) of anise, cinnamon, spearmint and thyme 
have more effect in decreasing fungal growth 
and mycotoxins production in wheat grains. At 
5% (v/v) concentration, sweet basil EO totally 
inhibited mycelial growth and prevented 
aflatoxin production, showing that the oil's 
minimum inhibitory concentration (MIC) is 
less than or equivalent to 5% (Atanda et al., 
2007).  
According to Ferreira et al. (2018), the EO of 
Zingiber officinale reduced biosynthesis of the 
mycotoxin dioxynivalenol (DON) and 
ergosterol at concentrations of 500 and 
1000 g/ml, respectively. According to Kumar et 
al., 2016, the EO of Curcuma longa totally 
suppressed formation of zearalenone (ZEA) 
and reduced fungal biomass at concentrations 
of 3500 and 3000 mg/ml, respectively. 
 
NATURAL PRODUCTS AGAINST SPOT 
BLOTCH IN WHEAT 
 
Spot blotch (SB), a devastating disease of 
wheat in warmer growing areas of the world, is 
caused by Bipolaris sorokiniana (teleomorph 
Cochliobolus sativus). The pathogen is capable 
of producing toxins like helminthosporol and 
sorokinianin and can infect leaves, stems, roots, 
rachis, and seeds (Roy et al., 2023). Briquet et 
al. (1998) reported that helminthosporol affects 
membrane permeability, thereby inhibiting 
mitochondrial oxidative phosphorylation, the 
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photophosphorylation in chloroplasts, and the 
proton pumping across the plasma membrane, 
as well as β-1,3-glucan synthase activity. Also, 
sorokinianin compound shows inhibitory 
activity on seed germination (Nakajima et al., 
1998). 
The susceptibility to the pathogen increases 
around Zadoks’ growth stage DC 56 (three-
quarters of the inflorescence emerged) and 
fungal infection accelerates leaf senescence at 
later growth stages (Dehne and Oerke, 1985). 
On a worldwide scale, yield losses in wheat 
caused by B. sorokiniana (16-25%, whereas 
under severe epidemic condition it may reach 
up to 80%) indicate the need to search for 
alternative strategies for disease control (Joshi 
and Chand, 2002; Saari, 1998). One of the 
promising strategies is using alternative organic 
products with fungicide effect. 
Plant extract from different species has been 
used to control spot blotch of wheat by 
encouraging lignification in host cell wall, 
reducing penetration of pathogen and 
enhancing wound healing in hosts (Hossain et 
al., 2016; Soylu, 2008).  
Magar et al. (2020) reported that, in vitro 
experiment, different botanical extracts (neem 
(Azadirachta indica), garlic (Allium sativum), 
eucalyptus (Eucalyptus globolus), bojho 
(Acorus calamus) and asuro (Justicia 
adhatoda) in different concentrations (5%, 10% 
and 15%) inhibited the mycelial growth of 
fungus significantly. The mycelial growth 
inhibition of Bipolaris sorokiniana increased 
gradually with increased concentration of the 
extracts. The highest mycelial growth 
inhibition percentage was found by the 
application of garlic clove extract (52.85%) at 
15% which was followed by bojho extract 
(52.48%) at 15% concentration. Similar results 
have been reported by several authors working 
with different botanical extracts (Yadav et al., 
2015; Yasmin, 2016) 
Different concentration of the oil of ginger, 
eucalyptus, clove, sesame and neem were 
evaluated in vitro for their antifungal effect 
against B. sorokiniana. The highest inhibition 
was observed by the application of clove oil, 
followed by garlic oil at 55.27% and 51.45% 
respectively, at a concentration of 3000 ppm 
(Debsharma et al., 2021). Yasmin (2016) 
reported that ginger extract inhibited the 

mycelial growth of B. sorokiniana up to 
38.35% at 15% concentration, which suggested 
the antifungal activity of the extract. Similar 
findings were reported also by other authors 
(Hasan et al., 2005; Raveau, 2020). Other two 
essential oils were evaluated at a concentration 
of 0.31 µl/ml for Origanum compactum and 
1.25 µl/ml for Thymus satureioides (Zahraoui 
et al., 2024). Thymus satureioides was found to 
be more effective than Origanum compactum, 
reducing the infection rate of B. sorokiniana by 
52% and improving productivity by 50%. 
However, the results showed that both essential 
oils significantly reduced disease severity by 
48% and increased grain yield by an average of 
25% across all varieties used. The results 
confirm previous findings obtained by El 
Ajjouri et al. (2008), who have demonstrated 
that Thymus satureioides by his bioactive 
compound carvacrol or cymophenol                         
(a phenolic monoterpenoid) is among the most 
active essential oils against fungi. Carvacrol 
can destabilize the cytoplasmic membrane and 
act as a proton exchanger, reducing the pH 
gradient across the cytoplasmic membrane. The 
resulting collapse of the proton motive force 
and depletion of the ATP pool eventually leads 
to cell death (Ultee et al., 2002). It is also 
possible that the action of the carvacrol to be 
modulated by other minor molecules of other 
compounds, suck us P-cymene that makes 
carvacrol being more easily transported into the 
cells (Ultee et al., 2002). 
Considering previous findings and the potential 
of plant extracts and essential oils to reduce 
infection rates caused by B. sorokiniana, they 
deserve further studies to explore their 
antifungal properties and evaluate the long-
term effectiveness of the treatment. 
 
NATURAL PRODUCTS AGAINST 
POWDERY MILDEW IN WHEAT 
 
Powdery mildew in wheat caused by the 
obligate parasite Blumeria graminis f. s. tritici 
is one of the first recognized wheat diseases, 
widely distributed with significant global 
incidents over the last four decades, but more 
damaging in cool, wet climates and semi-arid 
areas (Morgounov et al., 2012). The disease is 
ranked sixth out of the ten most important 
fungal diseases of wheat and the 8th highest 



320

  

yield loss contributor of wheat globally (Dean 
et al., 2012; Savary et al., 2019). Grain yield 
reduction, which results from plant infection by 
pathogen, can reach 15-20%, and in the case of 
severe infection, can reach 50% or more 
(Jaczewska-Kalicka, 2006). 
Use of chemical fungicides for controlling 
powdery mildew in wheat has led scientists to 
look for alternative antifungal substances such 
as plant extracts and essential oils that are safer 
than synthetic products, biodegradable in 
nature and non-polluting. However, little work 
has been done about the fungistatic effect of 
natural extracts on Powdery mildew in wheat. 
Choi et al. (2004) reported that the extract of 
Rumex acetosella roots reduced development 
of powdery mildew. Even extracts prepared 
from oak bark (Quercus robur L.), Reynoutria 
sacchaliensis L., curcuma (Curcuma longa L.), 
and ginger (Zingiber officinale Roscoe) were 
effective against powdery mildew on the winter 
wheat (Vechet et al., 2005). 
Also, Schuster et al. (2010) obtained good 
results using plant extract from Glycyrrhiza 
glabra. Natural extract from the roots of 
Chinese rhubarb (Rheum officinale) proved its 
high efficiency for controlling powdery mildew 
(Yang et al., 2008). Thus, according to a 
histological analysis, this substance inhibited 
the germination of conidia, accelerated 
appressorium deformation prior to the pathogen 
infecting wheat (Triticum aestivum) cells, and 
decreased the length and number of secondary 
haustoria following infection, among other 
effects on Blumeria graminis in vivo. 
Uwineza et al. (2018) showed that Powdery 
mildew disease was completely controlled by 
1.25 ml/L concentration of essential oils of 
Mentha pulegium, Eugenia aromatica and 
Cedrus atlantica.  
These findings indicate that even natural 
compounds could provide long-term protection 
against powdery mildew in wheat. 
 
CONCLUSIONS 
 
Studies on the antifungal activity of botanical 
extracts to protect plants from diseases have 
received much attention lately. Thus, many 
reports approve the efficacy of natural products 
of plants in controlling fungal growth and 
mycotoxin production demonstrating that plant 

extracts and essential oils contain a high con-
centration of bioactive and antioxidant 
substances. Investigating the use of plant-based 
fungicides to reduce yield losses in cereals is a 
workable strategy that can also result in the 
environmentally eco-friendly usage of natural 
products and serve as a rich source of natural 
compounds with a variety of fungicidal and 
other qualities that have little negative effects. 
Furthermore, field studies under natural con-
ditions would be necessary to thoroughly exa-
mine the effect of these plant extracts and 
essential oils in understanding the reaction of 
wheat pathogens and host-pathogen relationship.  
In the near future, increased interest will be 
observed in alternative fungicides because of 
their safe status as they can be easily 
decomposed, nature friendly and 
nonphytotoxic. Thus, discovering sustainable, 
safe and effective control strategies for 
controlling crop diseases remains imperative 
towards achieving the second goal, amongst 
others, of the Sustainable Development Goals 
(SDGs), which is “to end hunger, achieve food 
security and improved nutrition and promote 
sustainable agriculture’’. 
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