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Abstract 
Bayoud disease caused by Fusarium oxysporum f. sp. albedinis (Foa) is the most serious disease of 

date palm. Plant extracts may be alternative strategies to the currently used fungicides to control plant 
diseases. The present study was undertaken to evaluate the antifungal activities of cell-wall 
polysaccharide extracts (cellulose, hemicellulose and highly methylated pectins (HMP)) and flavonoids 
extracts derived from the floral parts and leaves of Bubonium graveolens on mycelial growth, 
sporulation and on soil population density of Foa. The antifungal tests were investigated by using agar 
dilution method. Results obtained showed that the mycelial growth of Foa was inhibited by all 
extracts tested except leaf and floral cellulose, leaf hemicellulose and leaf HMP. The 
strongest inhibitory activity was observed with leaf flavonoids (47.51%) at 4 mg/ml. On 
sporulation, clearly inhibitory effects by leaf hemicellulose and HMP of both organs were 
recorded, but the strongest inhibitory activity was found on cellulose-based media with 
inhibition rates between 96.1% and 97.76%. In contrast, stimulatory effects were observed with 
flavonoids extracts. Only soil treated with 10% of floral cellulose which has reduced significantly the 
population densities of Foa during 7th to 21th day after treatment (Log 10 CFU/g = 4) compared with 
untreated infested soil.  

Keywords: antifusarium activity, Bubonium graveolens, flavonoids extracts, Bayoud disease, 
polysaccharide extracts, soil. 

1. Introduction
Fusarium species causes a huge range of diseases on an extraordinary range of host 

plants. The fungus can be soilborne, airborne or carried in plant residue and can be recovered 
from any part of the plant from the deepest root to the highest flower (SUMMERAL & al. 
[1]). The Bayoud disease (vascular fusariosis of date palm), caused by Fusarium oxysporum f. 
sp. albedinis, represents a major limiting factor of date palm culture in Morocco and 
constitutes a serious threat to the date palm plantations in Algeria and all other countries (EL 
MODAFAR [2]).  

According to BELABID & al. [3] for controlling Fusarium 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, and natural compounds are less phytotoxic, easily biodegradable 
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and more systematic (SAXENA & al. [4]). In this context, previous studies revealed that 
medicinal plants have antimicrobial and antioxidant properties (M. ASAN-OZUSAGLAM & 
K. KARAKOCA, [5]; M.L. BADEA & E DELIAN, [6]), and many plant extracts have been 
tested against Fusarium oxysporum species for the inhibitory effect and the control efficacy 
under greenhouse conditions (SAHAYARAJ & al. [7]; AMADI & al. [8]). In effect, Bubonium 
graveolens (Asteraceae family) is a medicinal plant that has important biological roles 
(BOULENOUAR & al. [9]). 

The aim of this investigation is to evaluate the antifungal activities of the cell-wall 
polysaccharide extracts (cellulose, hemicellulose and HMP) and flavonoid extracts from 
flowers and leaves of Bubonium graveolens, on mycelial growth, sporulation and soil 
population of Foa in order to select the products that can be used in controling bayoud 
disease. 
 
2. Materials and methods 
 
Plant material  

Aerial parts (leaves and flowers) of Bubonium graveolens collected from Bechar area 
(Southwest of Algeria) during the flowering period of the year 2010 were chosen as 
experimental materials. The plant was authenticated at biology department, university of 
Bechar, Algeria and it was deposited in the herbarium of this department. The harvested parts 
were shade dried for 15 days, ground and stored separately until their use.  
 
Fungal strain  

The fungal strain used in this study was isolated according to the protocol of DJERBI 
[10] from rachis of infected date palm in infested palm grove in the region of Bechar, Algeria. 
The fungus was identified by macroscopic and microscopic characteristics according to 
DIHAZI [11]. This fungal strain was certified as highly aggressive and causing severs wilt 
disease on date palm. 
 
Preparation of plant extracts  
Preparation of flavonoids extract  

Flavonoids were extracted according to the protocol of LEE & al. [12]. 50 g of plant 
powder (leaves and flowers of Bubonium graveolens) were heated separately at 90 °C under 
reflux in 500 ml of a mixture of distilled water/ethanol (1:1, v/v) for 4 h and the extract was 
filtered through a filter paper. The aqueous-ethanolic phase was evaporated until eliminating 
ethanol and was extracted with 100 ml of n-butanol, then was acidified to pH 3 with 10% 
HCl, and then the n-butanol phase was dried. The dry residue was extracted three times with 
200 ml of a mixture of distilled water/ethyl acetate (1:1, v/v) for one hour, and the organic 
phase was basified to pH 9 with NaOH. After 15 minutes of rest, the organic phase 
(represents flavonoids extract) was dried before being weighed and recovered in 1% ethanol 
for biological tests.  
 
Preparation of cell-wall polysaccharides extracts 

Cell-wall polysaccharides extraction requires a preliminary operation which consists of 
preparation of the parietal residue (HARCHE & al. [13]). For this, each of the powdered plant 
materials (30 g) was put in an erlenmeyer flask containing a mixture of methanol and 
chloroform (1:1, v/v) and was stirred for 14 h under a fume hood in order to remove the lipid 
soluble, tannins and other cytoplasmic constituents. The operation was repeated twice. After 
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filtration, the residue was placed in 95% ethanol for 2 h with stirring to remove traces of 
chloroform and then was incubated in boiling 95% ethanol for 2 h to get better elimination of 
chloroform traces. The residue was then dried in an oven at 60°C for 48 h (REDGWELL & 
SELVENDRAN [14]). 

 
Extraction of cellulose and hemicelluloses 

Cellulose and hemicelluloses were obtained by putting 5 g of parietal residue in an 
erlenmeyer flask containing 100 ml of 4% NaOH and were stirred for 14 h. After filtration, 
the residue was rinsed with distilled water and then with acetone, then the residue was dried 
in an oven at 60 °C for 14 h before being weighed. The resulting part represents the cellulosic 
fraction (CHANDA & al. [15]).  

The two filtrates obtained were neutralized by pure acetic acid and then precipitated in 
ethanol (1:3, v/v) for 14 h. After centrifugation (30 min, 3600 rpm/min) at room temperature, 
the pellet was washed with distilled water and then with acetone. Next, it was dried in an oven 
at 60°C for 14 h and finally weighed. This part represents the hemicellulosic fraction 
(CHANDA & al. [15]).  
 
Extraction of HMP 

HMP extracts were prepared by putting 5 g of parietal residue in an erlenmeyer flask 
containing 100 ml of distilled water, and stirred for 14 h at room temperature, and were put to 
boiling under reflux twice for two hours. After filtration, the filtrate was concentrated in a 
rotary evaporator. Then it was precipitated in cold acetone (1:2, v/v) for 14 h. After 
centrifugation (30 min, 3600 rpm/min) at room temperature, the pellet was rinsed with 
distilled water, and with alcohol, and then the residue was dried in an oven at 50°C, and was 
weighed. This part represents the HMP (THIBAULT [16]). 
 
Antifungal tests 

Before being added to the potato dextrose agar acidified (PDAa) medium, hemicelluloses, 
HMP and flavonoids were diluted in NaCl solution (5 mM), sterile distilled water and in 1% 
ethanol respectively. A range of concentrations (0.25; 0.5; 1; 2 and 4 mg/ml of culture 
medium) of the extract were used. However, cellulose extracts were intended to reconstruct 
cellulose-based media (With the following composition: NaNO3 2 g; K2HPO4 1 g; 
MgSO4,7H2O 1 g; KCl 0.5 g; ZnSO4, 7H2O 0.005 g; CuSO4, 5H2O 0.001 g; MnCl2 0.001 g; 
Cellulose 2.5 ; Agar 16 g; Distilled water 1000 ml; pH 5. (LEKCHIRI & al. [17]), on which 
development of Foa was studied. 
 
Assay for radial growth inhibition  

Petri dishes containing PDAa media with extracts (hemicelluloses, HMP and flavonoids 
in separated experiments) at different concentrations were inoculated with a mycelial disc (6 
mm diameter) obtained from a pure culture of Foa. The Petri dishes containing cellulose-
based medium were inoculated in the same way. The Petri dishes were incubated at 25 °C for 
7 days. The diameter of the Foa colony was obtained by calculating the average of two 
perpendicular diameters (HASSIKOU & al. [18]). 

For reading the results of the mycelial growth on cellulose-based media, a note is 
assigned based on the diameter of the colony and the bulk density of mycelium according to 
the rating scale of VALES & al. [19] modified by BENKIRANE & al. [20] (Table 1). 
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Table 1 - The rating scale of VALES & al. [19] modified by BENKIRANE & al. [20]. 

Density Colony diameter 
(mm) very weakly dense 

 
weakly dense 

 
dense 

 
very dense 

 
0 to 30 0 0 1 2 
30 to 60 0 1 2 3 
60 to 90 1 2 3 3 

 
Assay for sporulation inhibition  

All colonies used to evaluate mycelial growth and incubated for 10 days at 25 °C were 
used to study the effect of the extracts on sporulation. Four washers measuring 5 mm in 
diameter were taken along the diameter of the same colony and were collected in a tube 
containing 1 ml of sterile distilled water. After crush washers and agitation to the vortex for 
30 s, the spores were counted using a Malassez cell with three counts by suspension 
(MAOUNI & al. [21]).  

Control tests were performed under the same conditions in absence of extracts. The 
percentage of inhibition was calculated using the formula of AMADIOHA [22], as shown 
below: Inhibition (%) = (C - T). 1OO/C. 

Where C and T represent Foa radial growth (or sporulation) in control and treated plates, 
respectively. 
 
Fusarium soil population assay  

Foa was incorporated into soil (previously sifted and sterilized) at an inoculum density of 
106 spores/g of soil. Aliquots (10 g) of the infested soil were introduced aseptically into 
sterilized tubes and treated by 1, 5 and 10% (w/w) of cellulose, hemicellulose, HMP and 
flavonoids in separated experiments. Population density of Foa was determined using dilution 
plate techniques at 0 (before soil treatment), 1, 3, 7, 14, and 21 days after soil treatment 
(BOWERS & LOCKE [23]). 0.5 g of soil (sample unit) from each tube (replication) was 
placed in 5 ml of distilled water. 0.1 ml from the appropriate dilution (depending on the 
treatment) was pipetted onto the surface of Petri plates containing PDAa media. Plates were 
then incubated at 25 °C for 24 to 48 h. Colony forming units (CFU) were counted in Petri 
dishes and then reported per gram of soil. CFU were then transformed to log 10 (CFU/g of 
soil) (SIMOUSSA & al. [24]). Control tests (infested soil with no medicinal plant treatment) 
were performed under the same conditions.  
 
Statistical analysis 

The statistical evaluation of results for the study on the products effects on the mycelial 
growth, sporulation inhibition percentage and on the soil population reduction percentage was 
performed to determine statistically significant differences (p<0.05) by using Fischer test. For 
all experiments three replicates were realized per treatment and concentration. 
 
3. Results and discussion 

Bayoud is a vascular wilt caused by Foa, and it is the most serious fungal disease 
threatening date palm plantations in North Africa. However, several higher medicinal plants 
and their constituents have been successful in plant disease control and have proved to be 
harmless and nonphytotoxic, unlike chemical fungicides. In effect, the main objective of this 
study is to evaluate the effectiveness of the cell-wall polysaccharide and flavonoids extracts of 
Bubonium graveolens on the in vitro development of Foa and assess their ability to reduce the 
population of this pathogen in the soil.  
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The phytochemical contents of the Bubonium graveolens leaves and flowers are shown in 
Table 2.The results revealed the presence of 2.59% and 1.13% (w/w) flavonoids in leaves and 
flowers respectively, 18.61% and 27.23% for cellulose compounds. Hemicellulose content 
was found more in leaves (8.1%) and flowers contained 6.76% of hemicellulose but the 
content of HMP was low in the leaves (2.79%) compared to the flowers (4.01%).  

 
 

Table 2 - Phytochemical contents of Bubonium graveolens. 

 Flavonoid Cellulose Hemicellulose HMP 
Leaves 2.59% 18.61% 8.1% 2.79% 
Flowers 1.13% 27.23% 6.76% 4.01% 

 
 
4. Effect of extracts on mycelial growth  

The results of antifungal assays of the Bubonium graveolens extracts on mycelial growth 
are presented in Figure 1. Flavonoid extracts from both organs of Bubonium graveolens, floral 
hemicellulose and HMP showed antifungal activities. But the dose increase was not 
statistically significant. Comparing the antifungal activity of these extracts, leaf flavonoids 
exhibited the most interesting results among the other tested extracts, with an inhibition 
percentage of 47.51% at 4 mg/ml.  
 
  
 
 
 
 
 
 
  
 
 
 
 
 
 
 

 
 

Figure 1- Effect of Bubonium graveolens extracts on mycelial growth of Foa. 
Results are represented as means ± standard error. 

 
 

The difference between both organs was statistically significant only for hemicellulose 
where it is of interest to note that, the mycelial growth of Foa was stimulated by the leaf 
hemicellulose extracts at the tested concentrations. The non-significance of the concentration 
increase was reported also in the work of GACEB-TERRAK [25], which showed that a 
phenolic acid extract of 0.48 mg/ml resulted in a growth kinetics of Foa similar to that 
obtained to 0.12 mg/ml and it was less active than to 0.24 and 0.36 mg/ml. GACEB-
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TERRAK [25] justified this phenomenon by the activation of the power of detoxification of 
these molecules that the 0.48 mg/ml concentration could represent. According to OKIGBO & 
NMEKA [26], diseases of plants and tuber crops can be successfully controlled by using plant 
extracts. In this context, in addition to their free-radical scavenging activity, several 
flavonoids have been known to possess antibacterial, antifungal and antiviral activities as well 
as being inhibitors of phospholipase A2, cycloxygenase and lipoxygenase (MIDDLETON & 
KANDASWAMI [27]; KANDASWAMI & MIDDLETON [28]). According to GRAYER & 
HARBORNE [29] and HARBORNE [30] flavonoids are not only present in plants as 
constitutive agents but are also accumulated in plant tissues in response to microbial attack.  

The radial growth on cellulose-based agar was followed in terms of time in parallel with 
the PDAa media (Fig. 2). These results showed that the mycelial hyphae elongation of Foa on 
cellulose-based agar occurred in a similar way as on PDAa without addings. The diameters of 
the colonies were between 5.5 and 6.48 cm. The significant difference was that a very weakly 
dense mycelium was developed on the cellulose-based media (1 point according to rating 
scale) compared to the PDAa with no addings, on which a very dense mycelium was 
developed (3 points according to rating scale). These results are quite similar to those reported 
previously by LEKCHIRI & al. [17]. Based on these results, it is appropriate to say that these 
cellulosic extracts induce cellulase gene expression in Foa. In agreement with the research of 
RAMANATHAN & al. [31] Fusarium oxysporum is a potential fungal strain for production 
of cellulase enzyme that cleave β- 1,4 glycosidic bonds between constituent sugars to produce 
glucose which is necessary for the growth of Foa. 

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

Figure 2 - Growth curves of Foa on cellulose-based agar and on PDAa medium. 
 
 

 
5. Effect of extracts on sporulation 

Figure 3 summarizes the average inhibition rates of sporulation. According to the 
results, no significant difference between both organs was observed except for hemicellulose. 
So, leaf hemicellulose and HMP of both organs were found active against sporulation. But the 
dose increase was not statistically significant. The most interesting inhibition was exhibited 
by floral HMP with an inhibition percentage of 60.71% at 2 mg/ml, whereas a clearly 
stimulatory effect of flavonoids extracts was observed on sporulation at all dosages. In this 
investigation, however, cellulose-based media were able to inhibit the sporulation of Foa. The 
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inhibition percentage of the sporulation was calculated in relation to the PDAa medium with 
no addings and has reached 97.76% and 96.1% on the cellulose-based agar of leaves and 
flowers respectively. The present results of the antifungal activity were supported by the 
previous study which showed that the essential oils and individual monoterpenoids of 
lavender (Lavandula stoechas L.), oregano (Origanum vulgare L. subsp. Hirtum), sage (Salvia 
fruticosa Mill.) and spearmint (Mentha spicata L.), exhibited a sporulation inhibition of 
F. oxysporum (KADOGLIDOU & al. [32]). The dose increase was not significant even 
for the oil of Melaleuca quinquenervia on the sporulation of Fusarium oxysporum f. sp. 
radicis-lycopersici (DOUMBOUYA & al., [33]). According to TZIANABOS [34], natural 
polysaccharides derived from some plants, algae and lower organisms have attracted great 
interest as antimicrobial agents. In addition, PAINTER [35] suggested that the antimicrobial 
properties of natural polysaccharides are based on their chemical structure where the presence 
of a highly reactive carbonyl group was detected. The carbonyl group is able to bond primary 
amines to produce a stable combination of polysaccharides with proteins (glycolconjugates). 
Bonding of exoenzymes of saprogenic microorganisms by reactive polysaccharides is likely 
the reason for their antimicrobial activity. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 3 - Effect of Bubonium graveolens extracts on sporulation of Foa. 
Results are represented as means ± standard error. 

 
 

6. Effect of extracts on soil population of Foa 
The results of soil population densities (Table 3) showed that the treatment with 

botanical extracts has no significant effect on the population densities of Foa except for floral 
cellulose. Soil treatment with 10% of floral cellulose has reduced significantly the soil 
population of Foa, between the 7th and 21th day after treatment (Log 10 CFU/g = 4) compared 
with untreated, infested soil. Similar results were obtained by SIMOUSSA & al. [24], who 
have reported that soil treated with 1%, 5% and 10% of some Asteraceae medicinal plants 
powder (Anacyclus valentinus; Artemisia herba alba and Inula viscosa) reduced population of 
Foa 14 and 21 day after treatment compared with infested soil with no medicinal plant 
treatment. In addition, according to BELABID & al [3], soil treated with 5% and 10% of the 
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powders of I. viscosa and M. pepirita have significantly reduced the soil population densities 
of Fusarium oxysporum f. sp. lentis, causing agent of vascular wilt in lentil.  

 
 

Table 3 - Soil population densities of Foa over time as affected by soil treatment with cell-wall 
polysaccharide extracts and flavonoid extracts of Bubonium graveolens. 

Days after treatment Plant 
organ 

Rate 
treatment 

1 3 7 14 21 
1% 
cellulose  7.79 4 5.29 4.93 5.,09 
hemicellulose 6.34 6.16 6.3 5.74 6.24 
HMP 5.87 6.05 6.08 5 6.03 
Flavonoid 7.81 6 6.2 4 6.37 
5% 
Cellulose 5.74 6 5.5 5.16 5.52 
hemicellulose 6.34 6.13 7.08 5.74 6.13 
HMP 6.39 5.94 6.02 4.7 6.28 
Flavonoid 6.74 4.74 5.08 4 5.93 
10% 
Cellulose 6.05 5.36 5.32 4.47 5.52 
hemicellulose 6.33 6 6.1 4 6.21 

Leaves 

HMP 6.29 6.11 5.91 5.34 6.34 
 Flavonoid 5.64 4.65 4.7 4 5.97 

1% 
cellulose  6.5 6.04 4 4 4 
hemicellulose 6.55 5.57 5.39 5.11 5.38 
HMP 5.7 5.55 5 5.79 4.84 
Flavonoid 6.77 5.7 5.89 5.44 4 
5% 
cellulose 5.74 5.38 5.38 5.2 5.39 
hemicellulose 6.07 5.84 4 4 4 
HMP 5.73 5.75 5.6 5.9 5.4 
Flavonoid 6.8 5.9 5.78 5.9 4 
10% 
cellulose 6.17 5.77 4 4 4 
hemicellulose 5.57 5.77 5.98 5.64 5.98 

Flowers 

HMP 6.89 6.22 5.77 6 6.3 
 Flavonoid 6.51 5.89 5.91 6.04 4 

Untreated 6.7 5.66 5.59 5.62 5.52 

L
O

G
10

 (C
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/g
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il)
 

 
 
7. Conclusion 

Following this study, it appears that on mycelial growth, leaf flavonoids exhibited the 
most interesting inhibition compared with the other extracts, and the cellulosic extracts can 
induce cellulase gene expression in Foa. On sporulation, clearly inhibitory effects by leaf 
hemicellulose and HMP of both organs were observed, but the highest inhibitory effect was 
found on cellulose-based media. In addition, stimulatory effects were observed with leaf and 
floral flavonoids extracts. This study found that, among the extracts used, the floral cellulose 
has exercised the best reduction of the population of Foa in soil, which should suggest its use 
against this phytopathogen, due to its nature, which is not poluante.  
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