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ABSTRACT

Fusarium lentil wilt caused by Fusarium oxysporum Schechet. emend. Snyder & Hansen f. sp. lentis
Vasudeva and Srinivasan (Fol) is an important disease and is considered as a limiting factor to lentil production
in Algeria. The use of the plant extracts is recently advocated by several researches, as a potential control
method of plant diseases. The present work aimed at evaluating the antifungal activity of powders and essential
oils formulation of some local medicinal plants (Anacyclus valentinus L., Artemisia herba alba Asso.,
Eucalyptus sp, Inula viscosa (L.) Aiton, Laurus nobilis L., Mentha pepirita L., Rosmarinus officinalis L., Salvia
officinalis L., Tetraclinis articulata (Vahl) Masters and Thymus vulgaris L.) on Fol population in the soil.
Results obtained showed that the treatments 10 and 5% with the powders of I. viscosa and  M. pepirita  and
the essential oils formulation in all treatments have significantly reduced the soil population densities of Fol
and the disease incidence on lentil. The observed reduction in the pathogen population and increased healthy
plant indicates that these extracts could have important roles in biologically based management strategies for
control of Fusarium wilt disease. 
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Introduction

Lentil (Lens culinaris Med.) is one of the most
important pulses after chickpea; it is a potential
adapted crop for the dry areas in north-western
Algeria. Fusarium wilt of lentil caused by Fusarium
oxysporum Schechet. emend. Snyder & Hansen f. sp.
lentis Vasudeva and Srinivasan (Fol), is one of the
most widespread and destructive disease of this
legume crop. It is considered a limiting factor to
lentil production in Algeria causing significant
economic losses[3]. 

Plant diseases are mostly controlled by chemical
pesticides and in some cases by cultural practices.
However, the widespread use of chemicals in
agriculture has been a subject of public concern and
scrutiny due to the potential harmful effects on the

environment, their undesirable effects on non-target
organisms and possible carcinogenicity of some
chemicals[9]. Other problems include selection of
new resistant races of pathogens, a gradual
elimination and phasing out of some available
pesticides and the reluctance of some chemical
companies to test new pesticides due to the problems
with registration process and cost. The need for the
development of non-chemical alternative methods to
control plant diseases is therefore clear.

For controlling Fusarium lentil wilt, cultural
practices and the use of other methods are the most
common strategies. However, they are either not
available or effective. The use of natural products for
the control of fungal diseases in plants is considered
as an interesting alternative to synthetic fungicides
due to their less negative impacts on the environment
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[10]. Plant extracts or plant essential oils have been
tested against Fusarium oxysporum species for the
inhibitory effect and the control efficacy under
greenhouse conditions[5,15,1].

The objective of the present research was to
evaluate several traditional medicinal plants extracts
and essential oils formulation for their effectiveness
in reducing populations of Fol and controlling
disease development. If natural plant products can
reduce populations of soilborne plant pathogens and
control disease development, then these plant extracts
have potential as environmentally safe alternatives
and as components in integrated pest management
programs.

Materials and Methods

Plant materiel

Lentil line used in this study is the susceptible
lentil line ILL 1939. The lentil line was supplied by
the ITGC (Technique Institute of Grande Crops of
Saïda, Algeria).

Pathogen

One isolate (Isolate 27 according to Belabid et
al. 2004) of Fol, was used in this study. The fungus
was maintained on PDA and transferred periodically
to maintain active growth and stored at 5°C in the
dark in tube containing PDA. This isolate was
certified as highly aggressive and causing severs wilt
disease on lentil plant.

Collection of Medicinal Plants 

In order to study the potential of local plant
species as botanical fungicides, ten medicinal plants
species: Anacyclus valentinus L., Artemisia herba
alba Asso., Eucalyptus sp, Inula viscosa (L.) Aiton,
Laurus nobilis L. , Mentha pepirita L. , Rosmarinus
officinalis L., Salvia officinalis L., Tetraclinis
articulata (Vahl) Masters and Thymus vulgaris L.
were collected from different areas of the north
western Algeria (Mascara), only  Anacyclus
valentinus is originally from El-Bayad (South western
of Algeria). 

Preparation of plant powder 

Fresh leaves from the plants collected were
washed with sterile distilled water, dried for 24 hours
at 45°C and then crushed. Concentrations of (1, 5
and 10%) were prepared by mixing 1, 5 and 10g of
the plant material powder with 99, 95 and 90 g of
sterilized soil respectively in separated experiments. 

Extraction of essential oils 

Essential oils are extracted from the leaves of 4
medicinal plants (A. valentinus, A. herba alba, M.
pepirita and T. articulata) by water distillation
procedure as El-Ajjouri et al.,[11] procedure. 
Essential oils formulations are prepared by mixing
the four essential oils at 25%.

The choice of the four essentials oils was based
on theirs effectiveness against conidia germination
and mycelial growth of Fol on PDA medium
(unpublished data). Essential oils at 1, 5 and 10%
prepared by mixing respectively 1, 5 and 10 ml with
100g of sterilized soil in separated experiments.

Determination of population densities in the
laboratory 

Experimental treatments (table1) were (a)
control-uninfected soil, only water added as a check
for residual population of Fol (not included in
analysis), (b) control+ infested soil, only water
added, (c) soil treatments with 1, 5 and 10 % of the
medicinal plants powders and essential oil
formulations in separated experiments. Population
densities of Fol in soil were determined by using
dilution plate techniques at 0 (before soil treatment),
1, 3, 7, 14, and 21 days after soil treatment as
described by Bowers and Locke[6] and Bowers and
Locke[4]. For the graphic presentation, colony
forming units were transformed to log 10 CFU per g
of soil.

Disease incidence 

Lentil line (ILL 1939) seeds were surface-
desinfected using 3 % sodium hypochlorite for 3
min, rinsed in sterile water and germinated (10 seed/
pot) for 2 weeks in plastic pot containing 500 g of
sterilized soil. Pots were then placed under laboratory
conditions (T°22-24°C) and irrigated weekly. The 15-
day old seedlings were carefully  transferred  to the
soil treated with 1, 5 and 10% of medicinal plant
powders or essential oil formulations and than
contaminated with 100 ml of spores suspension
adjusted to 2.5 x 106 microconidia/ml in order to
obtain 2.5 x 106 microconidia/g of soil. The disease
incidence (DI) was determined weekly after
transplanting into soil. 

Disease Incidence (%) = Number of wilted
leaves/total number of leaves x 100  

Statistical analysis

The mean data were analyzed by Duncan’s
Multiple Range Test and significance of results was
expressed at 5% level. For all experiments three
replicates were realized per treatment and
concentration. 

Results 
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Soil population densities of Fol  

Results (Figure1) of the population densities are
Log10 transformation of Colony Forming Units
(CFU) per gram of soil. Soil treatment with 10% of
medicinal plants powders from M. pepirita, I.
viscosa, and A. valentinus, have reduced significantly
the soil population of Fol, between the 1st and 3rd day
after treatment (Log 10 CFU/g < 4). While the result
obtained with the treatment 5% of I. viscosa and M.
pepirita were Log 10 CFU/g = 4.56 and 5.38
respectively after 3 day of incubation. However, the
treatment with 1% of medicinal plant powders have
no significant effect on the population densities of
Fol. Control + have presented the results Log 10
CFU/g = 5.97, 6.03, 6.15, 6.21 and 6.28 at 1, 3, 7,
14 and 21 day, respectively after treatment. 

Essential oils formulation obtained from four
medicinal plants were evaluated for their potential as
fungicide against the fungus under laboratory
conditions. The treatment with 10% of this
formulation has significantly reduced the population
densities of Fol, Log 10 CFU/g = 3.66 after
treatment, this population downed at Log 10 CFU/g
=3.11 and 3.13 after 3 and 7 day from treatment
respectively (Fig.2). 

Disease incidence (DI)

Typical symptoms of lentil Fusarium wilt were
observed on lentil line (ILL 1939) (susceptible to
Fusarium wilt). Initial symptoms appear on control
+ as chlorosis and distortion of the leaf with disease
incidence DI=10% after 7 day from transplantation.
Foliar chlorosis, necrosis, and plant stunting become
more pronounced as the disease progresses after 14
and 21 day from transplanting, presenting DI= 25
and 50%. Wilting occurs on the affected side of the
plant, followed by vascular discoloration and stem
necrosis. The entire plant wilts and dies after 28 day
from transplanting with DI=100%.     

The disease incidences (Fig.3) were generally
inferior to 60% for all plants treated with 10 and 5%
of the medicinal plant powders and 80% for all
plants treated with 1%. For the treatment 10% using
the powders of A. herba alba and M. pepirita, the
diseases incidence were DI=15.66, 19.61%
respectively after 28 day of transplanting. At this
time, disease incidence observed on control + was
DI=100% which corresponded to the death of the
controls + plants.

The treatment with the essential oils formulation
has significantly reduced soil population densities of
Fol and the diseases incidence under laboratory
conditions (Fig.4). For all treatments (1, 5 and 10%,
of the essential oils formulation), diseases incidence
were inferior to 15% after 42 day from
transplantating whereas DI=100% for the control +
after 28 day from transplantation.   

Discussion

The potential use of natural products for
Fusarium lentil wilt management can promote
reduced inputs and improve sustainability of lentil
production. Therefore, the objective of the present
research was to evaluate the effect of plant powder
and essential oils formulation on inhibition of Fol in
laboratory assays and determine their effectiveness in
the development and suppression of wilt disease
under laboratory condition.

Many plant and plant products have been
reported to have antimicrobial activities against plant
pathogenic root fungi[2,5]. Previously, 31 plants
belonging to Asteraceae family were tested against
the chickpea wilt pathogen F. oxysporum f. sp.
ciceris [14]. Among three plant extracts, bulbs of
Allium sativum L. (Liliaceae), seeds of Annona
squamosa L. (Annonaceae) and leaves of Vitex
negundo L. (Verbenaceae), methanol extracts of A.
sativum bulbs could possibly be used for controlling
this soil borne fungus [15]. In most report, however,
the efficacy of plant extracts and plant essential oils
has been evaluated only in-vitro, and efficacy data in
soil are lacking [6]. 

F. oxysporum is a soil borne pathogen and the
population density in soil has important function in
infestation and symptoms manifestation. Good
correlations have been reported   between inoculums
density and diseases incidences under laboratory
conditions[8] and in the field[13].  

The initial result of this research show that there
is a promising potential in some plant derivatives
(plants powders proposed with differences
concentrations and treatment with the essential oil
formulations) for the use against Fusarium disease on
lentil. Similar result were obtained by Bowers and
Locke[5]; Bowers and Locke[6] and Bowers and
Locke,[7], who have reported that extract from
pepper/mustard (10%) reduce soil population of F.
oxysporum f. sp. chrysanthemi  Log 10 CFU / cm3

= 3.07, 0.83, 1.28, 1.50 and 2.95 after 1st, 3rd, 14 and
21 day after treatment with initial population density
of 1.1 x 106 spores per cm3.

The reduction of Fusarium population and
increased symptom suggest that natural plant extract
may have important role in biologically based
management strategies. This method can be used as
additional tool with the biological organism, which
may need only to be capable of rapid colonization of
the treated soil in order to suppress the re-
establishment or proliferation of the pathogen[5,6]. 

The information was found in the literature
concerning mode of action of essential oils on/in the
fungal cell in order to promote fungistatic or
fungicide effect. In general, inhibitory action of
natural products on moulds involves cytoplasm
granulation, cytoplasmic membrane rupture and
inactivation and/or inhibition of intercellular and
extracellular enzymes[12].
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Table 1: Experimental treatment on the population density of Fol and control of Fusarium wilt on lentil.
Treatment Description 
Control - No Fol, no medicinal plant treatment 
Control + Fol control, no medicinal plant treatment.
Medicinal plant powder treatments  Infested soil with Fol; treatment with 1, 5 and 10% of the powder of the medicinal plants
Essential oil formulation treatment Infested soil with Fol; treatment with 1, 5 and 10% of the essential oil formulation

Fig. 1: Soil population densities of Fusarium oxysporum f. sp. lentis.  Log10 transformation of Colony
Forming Units (CFU) per gram of soil) over time as affected by soil treatment with medicinal plant
powders. Each point represents the mean of repeated trial of the experiment with three replications
per treatment. 
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Fig. 2: Soil population densities of Fusarium oxysporum f. sp. lentis (Log 10 CFU/g of soil) over time as
affected by soil treatment with essential oil formulations. Each point represents the mean of repeated
trial of the experiment with three replications per treatment.

Fig. 3: Fusarium wilt index on lentil line (ILL 1939) after soil treatment with different concentrations (1, 5
and 10%) of the medicinal plants powders. Each point represents the mean of repeated trial of the
experiment with three replications per treatment (one plant per pot).
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Fig. 4: Fusarium wilt index on lentil line (ILL 1939) after soil treatment with different concentrations (1, 5
and 10%) of the essential oil formulations. Each point represents the mean of repeated trial of the
experiment with three replications per treatment (one plant per pot).

We have shown that formulated natural plant
extracts and oils can reduce pathogen populations and
result in higher healthy plant stand in several
pathosystems. These formulations, however, need to
be researched more fully in several different areas
before they may be commercially acceptable. There
is no question that these materials are active against
a wide range of fungi, and that natural products like
these are more environmentally appealing. However,
we still know little regarding general non target
effects and the effects on beneficial soil organisms.

References

1. Amadi, J.E., S.O. Salami and C.S. Eze, 2010.
Antifungal properties and photochemical
screening of extracts of African Basil (Ocimum
gratissimum L.), Agriculture and Biology Journal
of North America, 1(2): 163-166.

2. Bashar, M.A. and R. Baharat 1992. Antifungal
property of Clematis gouriana against some
pathogenic root infecting fungi of chickpea. J.
Indian Bot. Soc., 71(1-4): 307-308.

3. Belabid, L., Z. Fortas, D. Dalli, M. Khiare and
D. Amdjad, 2000. Importance du flétrissement et
de la pourriture racinaire de la lentille dans le
nord ouest algérien. Cahiers Agricultures, 9(6):
515-518.

4. Belabid, L., M. Baum, Z. Fortas, Z. Bouznad
and I. Eujayl, 2004. Pathogenic and genetic
characterization of Algerian isolates of Fusarium
oxysporum f. sp. lentis by RAPD and AFLP
analysis. African Journal of Biotechnology, 3(1):
25-31. 

5. Bowers, J.H. and J.C. Locke, 2000a. Effect of
botanical extracts in combination with biocontrol
organisms on control of Fusarium wilt of
muskmelon (Abstract) Phytopathology, 90: S8. 

6. Bowers, J.H. and J.C. Locke, 2000b. Effect of
botanical extract on the population density of
Fusaruim oxysporum in soil and control of
Fusaruim wilt in the greenhouse. Plant Dis., 84:
300-305.

7. Bowers, J.H. and J.C. Locke, 2004. Effect of
formulated plant extract and oils on population
density of Phytophthora nicotina in Soil and
control of Phytophthora Blight in the greenhouse.
Plant Diseases, 88(1): 11-16. 

8. Bowers, J.H. and D.J. Mitchell, 1991.
Relationship between inoculum level of
Phytophthora capsici and mortality of Pepper.
Phytopathology, 81: 178-184.

9. Cook, R., K.F. Baker, 1983. The nature and
practice of biological control of plant pathogens.
The APS. St. Paul. Minnesota, pp: 539. 

10. Cao, K.Q. and H.R. Forrer, 2001. Currents
statues and prosperity on biological control of
potato late blight Phytophthora infestans, Journal
of Agricultural research, Univ. Dubei, 24(2): 51-
58.  

11. El-Ajjouri, M., B. Satrani, M. Ghanmi, A. Aafi,
A. Farah, M. Rahouti, F. Amarti, M. Aberchane,
2008. Activité antifongique des huiles
essentielles de Thymus beicherianus Pomel et
Thymus capitatus (L.) Hoffm. & Link contre les
champignons de pourriture du bois d’œuvre.
Biotechnol. Agron. Soc. Environ., 12(4): 345-
351.  

12. El-Mougy, N.S., 2009. Effect of some essential
oils for limiting early blight (Alternaria solani)
development in potato field. Journal of Plant
Protection Research, 49(1): 57-62.

13. Erskine, W. and B. Bayaa, 1996. Yield loss
incidence and inoculum density associated with
vascular wilt on lentil. Phytopathol. Meditter, 36:
24-32.

14. Rai, M.K. and D. Acharya, 1999. Screening of
some Asteraceous plants for antimycotic activity
Compositae. Newslet, 34: 37-43.

15. Sahayaraj, K., S.K.R. Namasivayam, J.A.F.
Borgio, 2006. Influence of three plants extracts
on Fusarium oxysporum f. sp. ciceris mycelium
growth. Journal of Plant Protection Research,
46(4): 335-338.


