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ABSTRACT

In the present study, mycorhization and the use of compost (by-products of the date palm) have been
shown to protect date palm seedlings against bayoud disease. Treatment with Glomus intraradices showed that
the mycorhization improves the growth of the date palm seedlings from approximately 26%. The presence of
the pathogenic agent Fusarium oxysporum f.sp. albedinis (Foa) caused a fall of biomass of 82,5% with a death
rate of 100% whereas the presence of mycorhizae caused a drop in this rate mortality to 55%. Also the
addition of the compost to peat (V/V) does not have a notable influence on the growth of the seedlings; on
the other hand, it showed a significant protective effect (55,5%) compared to the all alone peat against the
invasion of pathogenic fungi (Foa). The mycorhization seems to have a positive effect under these conditions.
The compost as substrate supports well the growth of the seedlings but does not seem to improve it by
comparing it with the peat and the presence of mycorhizae and does not have any effect. However, the
compost protects the seedlings against the attack from Foa and the mycorhization seems to amplify of 27%
this protection.

Key words: Mycorhization; Bayoud; Date palm; Compost; Fusarium oxysporum f.sp. albedinis.

Introduction

Bayoud (vascular fusariosis of the date palm) is a wilt of the date palm (Phoenix dactylifera L.) caused
by a vascular pathogen, Fusarium oxysporum F. sp. Albedinis (Foa) (KILLIANI and MAIRE 1930, JAITI and
al. 2007), which infiltrates through the roots, then through the vessels to gain all the parts of the plant, causing
its total destruction and by the way causes drastic reduction in cultivation and expansion of date palm in
Morocco and Algeria. This disease exists since more than one century in North Africa, widespread especially
in Morocco and Algeria (Pereau LEROY 1958; DJERBI 1982; BRAC & BENKHALIFA 1991 and JAITI
2007). It destroyed more than 12 million palm trees in Morocco among the noblest varieties, of good date
quality intended primarily for commercialisation. This epidemic plague always continues to prevail and touches
4% more to 8% of the phoenicicole population (DJERBI 1982; DJERBI and al 1985; HAKKOU and
BOUAKKA 2003). The control of Foa is difficult and the curative means of fight are not very effective; the
only recommended methods are limiting the exchanges of vegetable material between date palm grove and the
selection of resistant cultivars (SAAIDI M 1992). Several researches were directed in the direction to contribute
to the fight against this disease. Among these researches, the mycorhization of the date palm which constitutes
an important axis, since it interests as well the physiological aspect of the plants growth and their production,
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and the phytopathological aspect contribution in the fight against Bayoud. Indeed the mycorhization is the
biological element used by the plants, in symbiosis with fungi, for the reinforcement of resistance to the
disease-causing agents of the ground because the colonized plants become more vigorous and potentially more
resistant to pathogen attacks (LINDERMAN RG 1994, AZCO´ N-Aguilar C & Bare JM 1997, DIEDHIOU
PM & al. 2003), and with the hydrous and saline stresses (TINKER 1975, DUDDRIDGE & al. 1980).

In the present work, we have studied the effect of the endomycorhization by Glomus intraradices on the
growth of the date palm and their resistance to the attacks of Fusarium oxysporum f.sp albedinis on various
substrates. Beside this, we have studied the importance of the use of compost, prepared from date palm by-
products alone and mixed with other substrate to improve the growth and the resistance of date palm against
Bayoud.

Materials and methods

Preparation of the seedlings:

Seeds of the date palm variety “Boufeggous Gharas” (variety very sensitive to Bayoud) are disinfected
with bleach and are washed several times at the tap water then put in water pulp during 24 hours. These seeds,
thus treated, are germinated in plastic containers, filled with peat wet and incubated in a greenhouse under a
16h-light-regime and 60 – 70% RH at 25°C during 10 weeks. At the stage of a leave, seedlings were planted
in pots of 2 L containing various substrates (10 pots / substrate).

Preparation of  the Fusarium oxysporum f.sp albedinis (Foa) inoculum:

The Fusarium oxysporum f.sp albedinis (Foa) used in this study was isolated from Bouffaggous Gharas
palm rachis infected by the vascular fusariosis. This isolate was preserved in ammonium oxide according to
the method of LOCKE and COLHOUNLHOUN (1974). 

Also a liquid medium containing 1.5 L of the sterile Czapec medium was sown by a Foa isolated from
a date palm infected by the vascular fusariosis. This culture was incubated at 27°C with continuous agitation
during 7 to 8 days. The conidies of this culture were separated from the mycelium filaments by centrifugation
with 2000 tr/min then counted on a Malassez cell under a binocular optical microscope. The conidies
suspension of Foa thus prepared was used to infect the substrates rightly 350,000 UFC/ml of mixture of the
dry substrate.

Preparation of the substrates:

Four types of substrates were prepared from the peat mixed with the vermiculite (2/3 peats + 1/3
vermiculite): a control substrate not inoculated (Tt), a substrate inoculated with Glomus intraradices (Tm), a
substrate infected by Foa (Ti) and a fourth substrate inoculated with Glomus intraradices and infected by Foa
(Tim).

Four other types of substrates were prepared from the compost mixed with the vermiculite (2/3 compost
+ 1/3 vermiculite): a control substrate not inoculated (Ct), a substrate inoculated with Glomus intraradices
(Cm), a substrate infected by Foa (Ci) and a fourth substrate inoculated with Glomus intraradices and infected
by Foa (Cim).

Four other types of substrates were prepared from the compost mixed with the peat and the vermiculite
(1/3 compost + 1/3 peat + 1/3 vermiculite): a control substrate not inoculated (CTt), a substrate inoculated with
Glomus intraradices (CTm), a substrate infected by Foa (CTI) and a fourth substrate inoculated with Glomus
intraradices and infected by Foa (CTim).

In this study, the compost used was prepared from date palm by-products obtained according to the method
described by Chakroune and al. in 2005.

Test on the vitro seedlings:

The vitro-seedlings used in this test are Bouskri, Aguellid, and Ennajda varieties. The mixtures of the
substrates used in this experimentation were: S1: 100% ground, S2: mix ground and compost (2V/V) and S3:
mix ground and compost (V/V). 

For each variety of vitro-seedling, two cultures were led: a control culture (not inoculated by pathogenic
fungus) and a culture test (inoculated at a rate of 350000 UFC/g of dry substrate). 10 repetitions were carried
out for each treatment.



262Am.-Eurasian J. Sustain. Agric., 4(2): 260-267, 2010

Estimate of the treatments effect:

The measurements taken at the end of 16 months of cultures for each substrate are: death rate, the median
number of the leaves, the average length of the air part and root part and their fresh and dry weights for the
Boufeggous Gharas seedlings and death rate for the vitroplants.

Isolation of the disease-causing agent starting from the dead seedlings:

To confirm the attacks due to Foa, the research of the pathogen was carried out on the dead seedlings.
From three cut palms of each seedling, small pieces of approximately 0.3 cm3 are taken then placed on PDA
medium. These cultures were incubated at 27°C during 6 days then under daylight during 4 to 6 days. Six
repetitions were carried out for each seedling.  

Observation of the mycorhizae roots:

To check the installation of the endomycorhization of the fine roots collected starting from the seedlings
root system underwent the operation of explanation. These roots, washed beforehand and drained, are put in
a solution of KOH 10% (P/V) then placed in the drying oven at 90°C during 30 minutes. Thereafter, these
roots are rinsed with distilled water and are placed in water with some drops of lactic acid to neutralize what
could remain of KOH.

The coloring of the roots was carried out with 90°C during 15 minutes in a solution of lacto-glycerol made
up of water, glycerol and of lactic acid (V/V/V) containing fuschine acid 0.05% (P/V). The acid fuschine
colors in red the chitin of the arbuscular mycorhizal fungi.

The observations of the roots thus colored and rinsed were made with the binocular magnifying glass
and/or the photonic microscope under various enlargements (photo 1).

Results and discussions

The effect of the mycorhization on the growth was measured by the determination of the dry weight of
the seedling air parts (Figure 1). It arises from the results obtained that the mycorhization improved the growth
of the seedlings from approximately 26%. The presence of the disease-causing agent caused a fall of biomass
of 82.5% with a death rate of 100% (table 1) whereas the presence of mycorhizae causes a drop in this rate
mortality to 55%.

The mycorhization improves the date palm growth by improving the hydrous and the mineral nutrition.
This improvement is due to a large surface of absorption that the development of the external mycelium to
the endophyte gets, thus allowing water exploitation and biogenic salts beyond the zone of root exhaustion
(TINKER 1975, OWUSU and al 1979). It is very marked on the level of the air part and not in the root part.
One can thus say, that the mycorhization improves the air part growth by increasing the surface of
photosynthesis (the number of leaves, the length, the green biomass) and consequently more nutritive elements
than the mycorhizal fungi can use.

The mycorhization also showed a protective effect against the attacks of Foa. OIHABI (1991) and AZCO´
N-Aguilar (2002) observed, in the date palm mycorhized and infected by the same disease-causing agent, a
reaction materialized by the development of the microfibrils wrapping the pathogenic hyphas thus causing their
degeneration. This was already shown by DEHNE (1982) indicating that the influence of the mycorhizaes with
blisters and arbuscules remains limited to the sites of their localization in the root. The mycorhizal funguses
never colonize the meristematic zone nor the cylinder power station. They progress towards the apex of the
root by colonizing fabrics lately formed by the radicular meristem. It is on the level of the bark that is carried
out the only possible meeting between Foa and the mycorhizal fungi where it inhibits the activity of the
disease-causing agent (OIHABI, 1991). However, the progression of this last on the level of the central
cylinder prevents the total protective effect of the mycorhizaes.

The addition of the compost to peat (V/V) does not have a notable influence on the growth of the
seedlings, on the other hand, it showed an important protective effect (55.5%) compared to the all alone peat
against the invasion of pathogenic agent (Foa) (figure 2, table 1). The mycorhization seems to have a positive
effect under these conditions (TCm, TCmi).

The compost as substrate (Ct) supports the growth of the seedlings well but does not seem to improve
it by comparing it with the peat (Tt) (figures 1 and 3) and the presence of mycorhizae does not have either
an effect (Cm). However, the compost protects the seedlings against the attack from Foa (Ci) and the
mycorhization seems to amplify of 27% this protection (Cmi) (figure 3, table 1).
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Fig. 1: Dry weight in (g) of the date palm seedlings air part cultivated under different treatments.
Tt: Peat without any treatment (pilot); Tm: peat in the presence of the mycorhizae Glomus
intrarasdices; Ti: Peat inoculated by Foa; Tmi: Peat in the presence of the mycorhizae Glomus
intrarasdices and inoculated by Foa.

Fig. 2: Dry weight in (g) of the date palm seedlings air part cultivated under different treatments. 
TCt: Peat and compost (V/V) without any treatment (pilot); TCm: Peat and compost (V/V) without
the mycorhizae Glomus intraradices; IPC: Peat and compost (V/V) inoculated by Foa; TCmi: Peat
and compost (V/V) in the presence of the mycorhizae Glomus intrarasdices and inoculated by Foa.

Fig. 3: Dry weight in (g) of the date palm seedlings air part cultivated under different treatments. 
Ct: Compost without any treatment (pilot); Cm:  Compost in the presence of the mycorhizae Glomus
intraradices; Ci: Compost inoculated by Foa; Cmi:  Compost in the presence of the mycorhizae
Glomus intrarasdices and inoculated by Foa.



264Am.-Eurasian J. Sustain. Agric., 4(2): 260-267, 2010

Table 1:  Percentage of seedlings infected by Foa
Substrat Percentage (%)
Tt 0
Tm 0
Ti 94 ± 7
Tim 74 ± 9
Ct 0
Cm 0
Ci 27 ± 5
Cim 13 ± 4
TCt 0
TCm 0
TCi 68 ± 9
TCim 43 ± 6

The results obtained after ten months of culture of the vitro-seedlings in mixtures of substrate inoculated
by pathogenic agent (figure 4) show that the gravity of the attacks of the vitro-seedlings by Foa is function
of the substrate natures and the vitro-seedling varieties. The presence of compost reduces the mortality to 60%
and 80% respectively for mixtures compost/ground 1V/2V and V/V compared to the witness (100% ground)
in the case of the Bouskri variety and from 50 to 60% in the case of the other varieties tested. 

The vitro-seedlings cultivated in the substrates which were not inoculated neither in the ground more in
the mixtures compost/ground were not infected by F.o.a and no mortality was observed. These results confirm,
once again, the suppressive effect of this compost with respect to this pathogenic which is very virulent since
in absence of the compost, the percentage of mortality was 100% in the significant varieties (Bouskri and
Aguellide) and 50% in the case of the variety known as resistant (Ennajda) (Figure 4).

The contribution of the compost improves the physico-chemical and biological characteristics of a ground.
This contribution results in the supply of the ground of major elements NPK which are essential to the
development of plants and other nutritive elements. Several authors showed that the use of the compost and
of the organic matters like amendments, supports the maintenance and the increase in the organic matters in
the ground (GAGNON and al. 1998, PAUNCHY and GAUTHEYROU 2003; SOUMARE and al. 2003;
BORKEN and al. 2004), which improves the ground structure, reduces wind and hydrous erosion (BAZZOFFI
and al., 1998), decreases the risks of compaction and improves the water holding capacity. Thus, for the heavy
grounds such as the clay soils, the contribution of the compost improves porosity and basal breathing of ground
(MUSTIN, 1987; NOGALES and al., 1996; ZEYTIN and BARAN, 2003). Under these conditions, ground
retains more nutritive elements and supports the root nutritions by increasing nitrogen fixing (TOMATI and
al., 1996), the phosphatic nutrition (TRAORE and al., 2001) and root breathing (PEDNEAULT, 1994). This
confirms our results since the compost alone or mixed with the peat supported the normal growth of the
seedlings.

The contribution of the compost of the date palm by-products to a substrate infected by Foa, shows a
suppressive effect against this causal disease agent of Bayoud. Our results showed a reduction of the severity
of this disease. COHEN showed that the severity of the disease caused by Foa is reduced of 95% in the
culture of cotton amended with compost made of municipal solid residues (COHEN and al., 1998). In the same
way, these encouraging results are obtained at the time of the compost contribution against the disease-causing
agent of tomato gray root.

Compost can act on the diseases of the plants directly by enriching the microflora of the ground in micro-
organisms antagonistic to the disease-causing agents and by creating an unfavorable environment for their
development (HOI-TINK and FAHY, 1986; BORDELEAU, 1999; MEQUILKEN and al., 1994; ZHANG and
al., 1998; STEINBERG and al., 2004). These studies showed that certain micro-organisms secrete antifungal
substances against pathogenic fungus such as Foa (CHAKROUNE, 2006).

The compost can act also indirectly by an induced resistance (LINDERMAN and GILBERT, 1973). In
the presence of the compost, plants are well developed and stressed, therefore more resistant. Induced resistance
can be also started following the presence of compost antagonistic micro-organisms (GLICK and BASHAN,
1997; SHERIF and al. 2002; GETHA VIKINSEWARY 2002 and EL HASSANI and al. 2006). 

The studies of VAN BRUGGEN and DUINEVELD (1995), reported that the micro-organisms present in
the compost are excellent candidates for the sources of carbon easily available, thus involving a fungicidal
effect towards fungus depending on this source of carbon. The suppressive effect of the ripe date palm by-
products compost with respect to the causal agent of Bayoud can be explained by its wealth of micro-
organisms which belong to the kind Aspergillus, Penicillium and Bacillus (GARBEVA and al. 2004 and
CHAKROUNE 2008.) and also micro-organisms of the kind Bacillus, Pseudomonas and Penicillium have a
suppressive effect with respect to Fusarium.
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Fig. 4: Death rate of the vitro-seedlings after ten months of culture in the substrates inoculated by Foa. 
S1: 100% Ground; S2: Mix compost and ground (1V/2V); S3: Mix compost and ground (1V/1V)

Photograph. 1: Endomycorhized date palm roots, sight under the photo microscope screws.   
Enlargement:   40*10
VM:  mycorhizal vesicular. 

In general, the compost micro-organisms enter in competition with the disease-causing agent from nutritive
the sources point of view (external source of carbon, like the case of Fusarium) and/or living space.

Furthermore, our results of mycorhization show that the inoculation by Glomus intraradices of the substrate
not infected by Foa (Cm) limited the growth of the date palm seedlings in the presence of the compost
compared to the substrate not inoculated (Ct), whereas it caused a notable increase in the growth of the
seedlings in the substrates infected by Foa (Cmi). One can conclude that the compost did not prevent the
endomycorhization from settling in the seedling roots but it amplified it (figure 3). Valley of cantos and Al
(1994) showed that the effect of the compost on the endomycorhization of Pinus halpensis is very important
since it increases the biomass of the total air part and also the underground root part.

Conclusion:

In conclusion, the mycorhization could constitute an important biological means making it possible to fight
against the plant external aggressions. Our results, deduced that there is a favorable effect on the date palm
seedling growths by improving the hydrous and the mineral nutrition like its protective effect against the
disease-causing agents in particular Foa. The compost, a product resulting from a biological treatment, shows
also its importance in the fight against the date palm vascular fusariosis. This study also revealed the positive
role of using the compost in synergy with the mycorhization which gives resistance to plants against biotic
and abiotic difficult living conditions in arid zones by supporting a good vegetable production.
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