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Université Kasdi Merbah Ouargla, Ouargla 30000, Algeria
2School of Pharmaceutical Sciences, Pharmacology Department, Universiti Sains Malaysia, 11800 Penang, Malaysia
3CREA-GB, Research Centre for Genomics and Bioinformatics, Via San Protaso 302, Fiorenzuola d’Arda, 29017 Piacenza, Italy
4Faculté des Sciences de la Nature et de la Vie, Université Kasdi Merbah Ouargla, Ouargla 30000, Algeria
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Aim.This study investigated the antifungal properties of aqueous extracts obtained from indigenous plants that grow spontaneously
in the Northern Sahara of Algeria. The activities of these plants in controlling two fungal species that belong to Fusarium genus
were evaluated in an in vitro assay. Materials and Methods. Fresh aerial parts of four plant species (Artemisia herba alba, Cotula
cinerea, Asphodelus tenuifolius, and Euphorbia guyoniana) were collected for the preparation of aqueous extracts. Two levels of
dilution (10% and 20%) of the pure extracts were evaluated against Fusarium graminearum and Fusarium sporotrichioides. Results.
The results of this study revealed that the A. herba alba, C. cinerea, A. tenuifolius, and E. guyoniana aqueous extracts are effective
at both concentrations of 10% and 20% for the Fusarium mycelia growth inhibition. In particular, A. tenuifolius extract is effective
against F. graminearum, whereas F. sporotrichioides mycelium growth is strongly affected by the E. guyoniana 20% extract. The
phytochemical characterization of the compositions of the aqueous extracts has revealed that the presence of some chemical
compounds (tannins, flavonoids, saponins, steroids, and alkaloids) is likely to be responsible for the antifungal activities sought.
Conclusion. The antifungal properties of A. herba alba, C. cinerea, A. tenuifolius, and E. guyoniana make these plants of potential
interest for the control of fungi affecting both wheat yield and safety.

1. Introduction

It is commonly recognized that several classes of phy-
topathogenic fungi can cause relevant yield losses of cereals.
Moreover, phytopathogenic can affect cereal grains during
storage, rendering them unfit for human consumption by
lowering the quality and safety of the derived products. The
establishment of fungal infections in cereals has therefore sev-
eral consequences, ranging from yield lowering to retarding
their nutritive value until the contamination of grains with
dangerous mycotoxins [1]. The growth of phytopathogenic
fungi in crops is also responsible for the off-flavor formation
and production of allergenic compounds [2, 3]. Aspergillus,
Fusarium, and Penicillium species are the most important
fungi affecting the yield of small grain cereal and causing

spoilage of the derived foodstuffs. Various strategies can be
employed for the control of fungal infection, ranging from the
adoption of specific agronomic practices to the development
of resistant varieties [4]. The chemical control remains now
one of the major measures that can be implemented for
the reduction of the incidence of plant disease. To this
aim, over the past years, numerous chemical pesticides such
as benzimidazoles, imazalil, organic, and inorganic sulfur
compounds and oxidizing materials have been introduced to
control the plant disease. However, the current concern has
been raised about their extensive use because of the potential
environmental problems, toxicity to humans, establishment
of fungal resistant races, and sometimes high costs of such
combinations. Recently, it has been pointed out that over 200
species of plant pathogens are resistant to chemical pesticides
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and most of these pesticides have various side effects [5].
For these reasons, searching for naturally occurring potential
antifungal and antimicrobial agents to be used for crop
protection and food preservation is paramount and takes
much attention, even because of the awareness of natural
and biological food products [6]. Therefore, despite the facts
that the use of natural products for crop protection is not
new and that it was adopted ever since man has taken to
farming, it has now been rediscovered, with considerable
research for biocides that are environmentally safe and easily
biodegradable [6–8].

For plants to protect them against pathogens, they pro-
duce and exude myriad of secondary metabolites, which
play important roles as defense mechanisms against various
organisms. Two main classes of such compounds can be
identified: the constitutive and inducible ones. The first
compounds are present even in healthy plants, whereas the
second classes ofmetabolites are synthesized only in response
to pathogen attack. The first class of metabolites includes
phenols (such as flavonoids, tannins, and alkaloids) that can
be found in most of the essential oils that can be extracted
from aromatic and medicinal plants. Moreover, those con-
stitutive compounds can be categorized in “quantitative”
compounds and “qualitative” compounds.While the “quanti-
tative” compounds include tannins, phenols, flavonoids, and
terpenes that are characterized by high molecular weight and
low toxicity, the “qualitative” compounds include alkaloids,
triterpenes, naphthoquinones, and anthraquinones that are
characterized by low molecular weights, high toxicity, and
strong biological activities [9].

In several researches, extracts of various higher plants
have been reported to exhibit antifungal properties under in
vitro laboratory trials [10–15]. In particular, wild plants seem
to be a promising source that can possess useful metabo-
lites. Thus, this study was designed to explore the in vitro
potential antifungal activity of aqueous extracts of the aerial
parts of four dominant Algerian medicinal plants which are
Artemisia herba alba, Cotula cinerea, Asphodelus tenuifolius,
and Euphorbia guyoniana. The efficacy and potency of the
extracts of these plants were evaluated against the cereal
pathogens Fusarium graminearum and Fusarium sporotri-
chioides. The essential oils of these plants have been already
characterized for their chemical composition and biological
effects, mainly against human and animal pathogens [16–
18]. In comparison to previous research, one of the most
innovative aspects of this study is the evaluation of the
effects of the Algerian medicinal plants against agriculturally
important cereal pathogens, starting from aqueous extract
that can be prepared at room temperature through a simple
and low cost infusion step.

2. Materials and Methods

2.1. Plant Collection. The fresh aerial parts ofArtemisia herba
alba, Cotula cinerea, Asphodelus tenuifolius, and Euphorbia
guyoniana were collected during the vegetative stage in Alge-
rian natural habitats. The samples were air-dried, grinded in
a Wiley Mill to fine uniform texture, and stored in glass jars
until use.

2.2. Preparation of the Plant Aqueous Extracts. First, stock
aqueous extracts were obtained by soaking 10 g of air-dried
and milled plant material in 100ml of distilled water (10%
w/v) at room temperature (20 ± 2∘C) for 24 hours with
occasional shaking. Then, the mixtures were filtered through
two layers of cheesecloth and centrifuged for 20min at
10.000 rpm to remove particulatematerials. Next, the purified
extracts were adjusted to pH 6.8 with 1.0M HCl. Finally, the
extracts were stored in the refrigerator at 4∘C to be used in
the future.

2.3. Fungal Material. Fusarium graminearum (ITEM-6477)
and Fusarium sporotrichioides (ITEM-692) were kept at the
CREA-GB, Research Centre for Genomics and Bioinformat-
ics, were multiplied, and were stored on potato dextrose agar
(PDA) slants prior to use.

2.4. Effect of Plant Extracts on Mycelium Growth. The poi-
soned food method was used in the preliminary screening
of aqueous extracts for their antifungal properties evaluation.
First, the mycelia growths were evaluated in 60mm Petri
dishes filled with PDA solid medium amended with 10%
and 20% aqueous extracts of each plant. Next, the center
of each Petri dish was inoculated with 5mm diameter disc
of fungal mycelium, taken from pure culture (7 days old).
Then, all inoculated dishes were incubated at 25∘C for 6 days.
After that, the radial mycelial growth was measured 6 days
after inoculation. For each treatment, three replicates were
maintained. Finally, the antifungal activity of each extract
was calculated in terms of inhibition percentage of mycelia
growth by using the following formula:

% inhibition = (𝑑𝑐 − 𝑑𝑡) /𝑑𝑐 × 100, (1)

where 𝑑𝑐 is the average increase in mycelia growth in control
and 𝑑𝑡 is the average increase in mycelia growth in treated
[19].

2.5. Phytochemical Screening of PlantMaterials. Thepresence
of polyphenol flavonoids, tannins, saponins, alkaloids, and
steroids was tested using simple qualitative method as pre-
viously described [20, 21].

2.6. Statistical Analysis. Analysis of variance (ANOVA) was
used for data analysis usingCoStat-Statistics Software version
6.4.The significance of the differences among treated samples
was evaluated using the least significant difference (LSD)
test for multiple comparisons of the means of the growth
diameter of mycelia. Each experiment has three replicates.
Three determinations were conducted and the significance
level for all measurements was considered at 𝑃 < 0.05.

3. Results

3.1. Antifungal Activity of Plant Aqueous Extracts. The
poisoned food technique, which involves both contacting
between extracts and microorganisms and observing the
growth of these, suggested that all the aqueous extracts under
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Table 1: Effects of 10% and 20% concentrations of aqueous extracts of different plants on growth of Fusarium graminearum and F.
sporotrichioides.

Treatment Mycelia Diameter (mm) Means
F. graminearum F. sporotrichioides

Control 0.0% 58a ± 0.28 60a ± 0.00 59a

Artemisia herba alba 10.0% 42c ± 0.57 48.16d ± 0.44 45.08c

20.0% 35e ± 0.50 47d ± 0.57 41d

Cotula cinerea 10.0% 43.66c ± 0.57 54b ± 0.57 48.83b

20.0% 39d ± 0.57 50b ± 0.57 44.5c

Asphodelus tenuifolius 10.0% 25f ± 0.57 39e ± 0.57 32e

20.0% 23g ± 0.57 37f ± 0.57 30f

Euphorbia guyoniana 10.0% 47.85b ± 0.00 39.3e ± 0.33 43.57c

20.0% 35.23e ± 0.2 27.3g ± 0.88 31.26e

Means — 38.74b 44.64a —
Data reported are themean diameters expressed inmm, including the inoculation discs of 5mm. Values are presented asmean ± SEM. Different letters indicate
significant differences (LSD test; 𝑃 < 0.05).

Table 2: Effects of 10% and 20% concentrations of aqueous extracts of different plants on Fusarium graminearum and F. sporotrichioides
mycelial growth index.

Treatment Mycelia growth index (mm/h) Means
F. graminearum F. sporotrichioides

Control 0% 0.65e ± 0.028 0.70e ± 0.057 0.675a

Artemisia herba alba 10% 0.47cd ± 0.005 0.57cd ± 0.005 0.52bc

20% 0.40f ± 0.028 0.53cd ± 0.033 0.46c

Cotula cinerea 10% 0.51d ± 0.005 0.65de ± 0.028 0.58b

20% 0.46e ± 0.005 0.61de ± 0.01 0.535b

Asphodelus tenuifolius 10% 0.31a ± 0.005 0.48bc ± 0.011 0.395d

20% 0.28a ± 0.008 0.50c ± 0.057 0.393d

Euphorbia guyoniana 10% 1g ± 0.00 0.40b ± 0.05 0.7a

20% 0.90f ± 0.00 0.30a ± 0.057 0.65a

Means — 0.55a 0.53a —
The radial mycelial growth was measured 6 days after inoculation (the data reported are the mean diameters expressed in mm, including the inoculation discs
of 5mm). Values are represented as mean ± SEM. Different letters indicate significant differences (LSD test; 𝑃 < 0.05).

study exerted an inhibitory activity on Fusarium gramin-
earum and Fusarium sporotrichioides mycelium growth.
Table 1 shows the impact of various treatments on fungal
mycelium growth in comparison with nontreated control.
A marked variability was observed at the two levels of the
efficacy of the extracts and of the sensitivity of the two
Fusaria strains. Analysis of variance showedhighly significant
differences (𝑃 < 0.001) between fungal strains and between
treatments.On the contrast, the interaction between the fungi
and treatments was not significant.

Table 2 shows the mycelium growth indexes of the two
fungal strains during treatment. The highest growth speed
was recorded for Fusarium graminearum in the presence of
10% Euphorbia guyoniana extract (speed of 1mm/h), whereas
the speed decreased to 0.28mm/h at 20% concentration
of Asphodelus tenuifolius extract. Fusarium sporotrichioides
showed the fastest growth in the presence of 10% Cotula
cinerea extract with 0.65mm/h and the slowest speed in
the presence of 20% Euphorbia guyoniana extract (with
0.30mm/h).

Figures 1(a) and 1(b) display the inhibition percentage
of in vitro Fusaria growth in the presence of plant aqueous
extracts. Asphodelus tenuifolius extract strongly inhibited
Fusarium graminearum mycelium growth, with inhibition
percentages of 56.89 and 60.34% at the concentrations 10
and 20% of aqueous extract, respectively. On the other
hand, Fusarium sporotrichioides is inhibited by Euphorbia
guyoniana extract: inhibition percentages of 50.87% and
65.87% were observed at concentrations of 10% and 20%
aqueous extracts, respectively.

3.2. Phytochemical Characterization of Plant Extracts. The
chemical characterization of the four plants showed the
presence of polyphenols in the form of flavonoids and
tannins, while anthocyanin was found only in E. guyoniana.
The alkaloids that reacted positively overlooked in all tested
plants, whereas steroids were noted in the A. herba alba,
the A. tenuifolius, and E. guyoniana. Additionally, this study
revealed the absence of both steroids and saponins in C.
cinerea and A. tenuifolius extracts, respectively (Table 3).
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Table 3: Phytochemical constituents on the aqueous extracts of tested plants.

Chemical group Aqueous extract
A. herba alba C. cinerea A. tenuifolius E guyoniana

Polyphenols
Tannins + + + +
Anthocyanins − − − +
Flavonoids + + + +

Saponins + + − +
Alkaloids + + + +
Steroids + − + +
+ = presence and − = absence.

17.5

25.86 27.58

56.89

39.25
32.75

39.65

60.34

E. guyoniana C. cinerea A. herba alba A. tenuifolius

F. graminearum

10%
20%

(a)

10

19.16

35

50.87

16.66
21.66

38.33

65.87

C. cinerea A. herba alba A. tenuifolius E. guyoniana

10%
20%

F. sporotrichioides

(b)

Figure 1: Percentage inhibition of Fusarium graminearum and Fusarium sporotrichioides mycelia growth treated with 10% and 20% plant
extracts.

4. Discussion

This study showed that all the aqueous extracts obtained
from the aerial parts of Artemisia herba alba, Cotula
cinerea, Asphodelus tenuifolius, and Euphorbia guyoniana
have antimicrobial properties. Furthermore,marked variabil-
ity has been observed for the in vitro sensitivity of the two
phytopathogenic fungi tested, that is, Fusarium graminearum
and Fusarium sporotrichioides, to various plant extracts.
Asphodelus tenuifolius was found to be highly effective in
controlling the growth of Fusarium graminearum, followed
in terms of efficacy by Artemisia herba alba and Euphorbia
guyoniana at the two concentrations used. The scale of
potency of the four extracts in inhibiting the Fusarium
sporotrichioides mycelial growth is as follows: Euphorbia
guyoniana > Asphodelus tenuifolius > Artemisia herba alba
> Cotula cinerea. The last plant extracts are shown to be the
least effective one in reducing in vitro mycelium growth of
both fungi. It is noteworthy that, among these tested plants,
C. cinerea is the only plant that lacks steroids. Euphorbia
guyoniana extract is particularly effective against F. sporotri-
chioides and is the only extract that contains anthocyanins.
The other two plants, namely, Asphodelus tenuifolius and
Artemisia herba, differ in terms of the presence/absence of

saponins and are both effective in fungal growth inhibition.
The antifungal effects of aqueous extracts of these plants A.
tenuifolius and E. guyoniana can be attributed to the presence
of different phytochemicals that can act alone or in synergy,
as demonstrated by other studies [22–25]. It has been pointed
out that there is a relationship between the antifungal activity
of the extracts and its bioactive compounds [26]. In addition
to this, the tannins isolated from themedicinal plants possess
remarkable toxic activity against bacteria and fungi and they
may assume pharmacological importance [27]. Furthermore,
saponins are a special class of glycosides that have soapy char-
acteristics and it is consider as active antifungal agents [28].

5. Conclusion

In conclusion, the aqueous extracts of some medicinal plants
growing wild in the Northern Saharian environment of
Algeria exhibited good antifungal activities and were capable
of reducing growth of fungi responsible for alterations in
wheat. These preliminary results, obtained from in vitro
experiments, may be supplemented by other more com-
prehensive studies in vivo, both in controlled greenhouse
conditions and in open field to practically evaluate the use of
these extract in the frame of an Integrated Pest Management
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System. To date, in fact, a limited number of commercially
developed natural plant compounds which are available for
the agricultural industry were reviewed. While some of these
compounds have antimicrobial activity, some others can
act even as elicitors of systemic acquired resistance (SAR)
through the activation of plant defense mechanisms. It is
therefore of great interest even to deepen our knowledge
about the molecular mechanisms of action of Algerian plant
aqueous extracts not only against microorganisms, but even
on plant biology. Subsequently, this can help researchers to
look for new biostimulatory agents.
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