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Abstract - The effectiveness of plastic pots inoculation
technique to infect Ceratfonia siliqua and phoenix dactylifera L.
seedling roots with ectomycorrhizal fungal Pisolithus tinctorius
[(Pers) Coker & Couch] was established. Spores powders
inoculum units were prepared from crushed carpophores of
Pisolithus  tinctorius.  Six ~months  after  inoculation,
ectomycorrhizas were established in date palm and carob
seedlings roots. The ectomycorrhization of Ceratonia siliqua
and Phoenix dactylifera using spores powders inoculum was
performed for the first time in our experiment conditions. These
ectomycorrhizas results can provide an enormous potential for
the development of large scale inoculation procedures of
these species seedlings in commercial nurseries. The
ectomycorrhization of date palm can be exploited to fight
against Fusarium wilt using Pisolithus tinctorius as biocontrol.
Keywords . pisolithus  tinctorius, ceratonia siliqua,
phoenix daclylifera, ectomycorrhization.

Résumeé - Lefficacité de la technique d'inoculation des racines
de Ceratonia siliqua et Phoenix dactylifera L. par le
champignon ectomycorhizien Pisolithus tinctorius [(Pers)
Coker & Couch], dans des pots en plastique, a été
démontrée. L'inoculum en poudre a été obtenu par broyage
des carpophores du Pisolithus tinctorius. Six mois apres
I'inoculation, les racines des plantules du palmier dattier et du
caroubier ont formés des mycorhizes. L'ectomycorhization du
caroubier et du palmier dattier en utilisant un inoculum naturel
sous forme de poudre est ainsi, démontré pour la premiere
fois dans nos conditions de travail. Ces résultats sur les
ectomycorhizes peuvent fournir un énorme potentiel pour le
développement a grande échelle des procédures d'inoculation
de ces deux especes dans les pépinieres commerciales. En
outre, I'ectomycorhization du palmier dattier pourrait étre
exploitée pour lutter contre la fusariose vasculaire du palmier

en Utilisant le Pisolithus tincforius comme agent de lutte
biologique.
Motsclés pisolithus  tinctorius, ceratonia  siliqua,

phoenix daclylifera, ectomycorhization.
.  INTRODUCTION

. ctomycorrhizal (ECM) fungi like Pisolithus (Alb. &
=== Schwein) are known to enhance tree growth by
e INCreasing the uptake of nitrogen (N) (Martin 1985;
Chalot and Brun 1998) and phosphorus (P) by roots in P
deficient soils (Grove and al. 1994; Marc and al. 2004).
In addition ECM fungi are able to mobilize nutrients from
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organic substrates (proteins, amino acids, chitin,
phosphomonoesters and phosphodiesters) or nutrients
linked to organic residues by secreting extra-cellular
enzymes (Dighton 1983; Abuzinadah and Read 1986
a,b; Leake and Read 1990; Guttenberger and al. 1994).
The ability to secrete extra-cellular enzymes differs with
ECM fungal species and with season (Buée and al.
2005). Some authors have reported that ectomy-
corrhizae can also protect seedling roots against
pathogens and since then, several studies have noted
this protective capability of mycorrhizas (Davis and al.
1942; Chakravarty and Hwang 1991; Chakravarty et al.
1991; Duchesne 1994; Hwang and al. 1995; Morin et al.
1999). It is well known that mycorrhizal fungi create a
physical barrier between roots and pathogens, exude
antimicrobial metabolites and use surplus carbohy-
drates to reducing roots pathogenic organisms attract-
tiveness (Machon and al. 2009).

For these reasons, research on ectomy-
corrhizas has evolved greatly over the last 40 years (De
Roman et al. 2005).

Pisolithus  tinctorius is an ectomycorrhizal
fungus frequently used for inoculation in controlled
mycorrhization programs (Marx and al., 1982; Burgess
and al., 1995). Isolates of this fungus are some of the
most commonly used in forestry, with growth stimulation
reported for several tree species including Eucalypts,
Pines and Acacias (Marx et al. 1977; Garbaye et al.
1988; Duponnois et Ba 1999). The common occurrence
of Pisolithus fruiting bodies, the ability of this fungus to
form ectomycorrhizae and its wide host range makes it
a very interesting organism for artificial inoculation of
nursery plants.

In this paper we report for the first time the
mycorrhization of FPhoenix dactylifera and Ceratonia
slligua by Pisolithus inoculum. The development of
these ectomycorrhizal associations can provide an
enormous potential for the development of large scale
inoculation procedures of these species seedlings in
commercial nursery. In view of limited studies on anti-
fungal action of endomycorrhizal fungi to defy Phoenix
adaclylifera wilt  (Bayoud) caused by Fusarium
oxysporum albedinis fsp. (F.O.A) (Jaiti and al. 2007;
Oihabi 1991), and no studies using ectomycorrhizal
fungus, the present study try to explore PFPisolithus
tinctorius as biocontrol agent against F.O.A
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[I.  MATERIEL AND METHODS

a) Fungus inoculum

Pisolithus  tinctorius is  the cosmopolitan
basidiocarps in warm temperate regions (Martin et al.
2002) and forms ectomycorrhizal associations with a
broad variety of forested plants including: Myrtaceae,
Mimosaceae, Pinaceae, Fagaceae, Cistaceae, Diptero-
carpaceae and Caesalpiniaceae (Moyersoen et al.
2004).

Pisolithus tinctorius basidiocarps (fig1.a) used
in this study were collected during the spring season
(April 2009) in Eucalyptus gomphocephala plantation
(fig1.b) in eastern region of Morocco. PFisolithus
basidiocarps harvested were dried at 35°C for 72 hours
(Rincon et al. 2005), and crushed to produce spores
powder. Initial fungal spores concentration was
measured with a haematocytometer and mixed with
sterile peat before being sown by the germinated seeds.
One gram of PFisolithus tinctorius powder spores
contained 1x108 spores.

b) Host plants and seeds germination

Before use, all seeds were first surface sterilized
with 10% sodium hypochlorite for 5 min and rinsed four
times in sterile distilled water.

i. Date palm seeds

Phoenix dactylifera L. seedlings were obtained
from seeds produced by ‘Boufaggous’ during 2009 date
palm production season in Figuig (South East of
Morocco). Boufeggous is a high quality variety grown in
Morocco. It is mainly attacked by Fusarium oxysporumn
fsp. Albedinis (F.A.O) responsible for date palm wilt
(Bayoud) disease (Hakkou and Bouakka 2002) and
Indian meal moth, Plodia interpunctella (Lepidoptera:
Pyralidae), causing extensive losses in storage (Azelmat
et al. 2006).

Boufaggous seeds were first soaked in boiling
water and then allowed to cool in tap water for 48 hours
before being transferred to germination in autoclaved
peat. Seeds were incubated in darkness at 30 °C for 16
days. The germinated seeds were sown in plastic pots
(V: 500 ml. 14cm diameter; 10cm height) containing
3009 of autoclaved peat.

ii. Carob seeds

Ceratonia siliqua seeds used in this study were
collected manually from street trees in Oujda city
(Eastern Morocco). Only, intact seeds of Ceratonia
siliqua were selected to dip with boiling water. After that,
seeds were allowed to cool in tap water for 72 hours and
were then allowed to germinate in sterile peat in
darkness. After 11 days, seeds rate germination was
95%.

All germinated seeds were then transferred in
plastic pots (V: 500ml. 14cm diameter; 10cm height)
containing a sterilized peat (300g) and inoculated by 79
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powder spores in a growth chamber maintained at 28 =
2°C with 16 h photoperiod. The pots open at the bottom
were placed in containers support, filled with water
which level was adjusted to ensure substrate a constant
humidity.

c) Ectomycorrhizal synthesis

i.  Using natural inoculum

These systems are routinely used for synthesis
of ectomycorrhizae (Mulette 1976). It consists of a 14
cm diameter plastic pot filled with autoclaved peat
mixed to fruiting bodies powder (70x10® spores/g of
autoclaved peat). Sterile date palm and Carob seedlings
destined to inoculation were then, inserted into the
substrate. Plastic pots were set in a saucer of water to
ensure substrate humidity.

ii. Using mycelia inoculum

We have previously tested the compatibility of
Pisolithus  tinctorius isolate, in vitro with Eucalypitus
turquata. Plugs of fungus cultures were taken aseptically
with a sterile cork borer (10mm in diameter) from the
actively growing mycelium front and subcultured in
modified Melin Norkrans (MNM) agar slant surface
(Marx 1969) in glass test tubes. Eucalyptus turquata
seedlings were placed then with fungus inoculum of
Pisolithus tinctorius. After six weeks incubation, roots
seedlings were harvested, washed gently with tap water,
colored (Philips and Hayman 1970) and observed under
microscope (fig 2).

d) Microscopic studies

Six months after inoculation, date palm and
carob seedlings roots were rinsed under water, incised
and colored before being examined using an Olympus
optical microscope. A randomly samples of short roots
was cleared in 10% KOH for 30min at 90°C and stained
for 15 min with Trypan Blue (0.1 % in lactoglycerol).
Tinted short roots were mounted on microscope to
check ectomycorrhizas (ECM) presence and mycelia
structure. Observations of control (fig.3) mycelium
structure collected in margin of a rapid growth culture on
MNM agar medium have been made.

e) Data collection and mycorrhizal measurement

The experimental protocol used in this study is
completely random wusing five repetitions. And the
percentage of mycorrhized plants was determined
according to the method established by Maroneck and
al. (1982).

I11. RESULTS AND DISCUSSION

a) Sampling of plants and evaluation of root
ectomycorrhizas

Six months after inoculation, seedling roots

were washed free of substrate and ectomycorrhizas

were identified according to coloration methods (trypan

blue). Each seedling root was cut into 2-3 cm segments



(Rincon et al. 2005) to evaluate the possible presence of
ectomycorrhizas and frequency of ectomycorrhized
plants. Twenty four weeks post inoculation, Fisolithus
tinctorius mycelia characteristics were revealed in Carob
(fig.d) and date Palme (fig.5) roots systems.
Microscopic observations revealed the presence of
Pisolithus tinctorius mycelia derived from germinated
spores (fig.6). The ectomycorrhizae interface cell was
composed by both Fisolithus mycelia and host cells
wall. We have also noted that the mycelium grew only
between cells cortex showing a typical Hartig net
hyphae (fig.5b, c, d) characterized by labyrinthine
branching. A fungal mantel around roots and emerged
hyphae outwards roots were also observed (fig.7). This
complex hyphal is considered to increase the fungal
surface area in contact with the cells roots and explored
soil area.

In this study ectomycorrhizal plants frequency
after inoculation by Fisolithus tinctorius in this study was
6.66% for date palm and 10% for Ceratonia Siliqua.
Thus, Phoenix dactylifera and Ceratonia siliqua were
ectomycorrhized for the first time in our experience
conditions.

Examination of control plants root systems was
shown that they are free from mycelia contamination
(fig.8).

If there are several works on endomy-
corrhization of date palm (Jaiti et al. 2007) and carob
plants (Cruz et al. 2004) in controlled conditions, there
are no results using the ectomycorrhizal fungi as
inoculum. In the date palm Fusarium Oxysporum
Albedinis interaction, little is known concerning the
contribution of mycorrhizas to Bayoud disease control.
Oihabi (1991) has shown that the inoculation of date
palm seedlings with Glomus mosseae reduces the
disease severity. In this context, antagonism between
F.AO and other micro-organisms was studied. El
Hassni and al. (2005) have shown some isolates of
Bacillus spp., Pseudomonas spp., and HRahnella
aquatilis are able to enhance defence reactions of date
palm without causing any seedlings mortality. In other
study, Machén and al. (2009) have demonstrated that
inoculation of  Pinus  pinea seedlings by the
ectomycorrhizal fungi Laccaria /accala in nurseries
reduces both damage intensity and seedlings mortality
caused by Fusarium damping-off. In the present study,
ectomycorrhized roots are characterised by the
presence of fungal sheath. This mantle adheres to the
root surface and consists of aggregated hyphae
(Ammarellou et al. 2007). Barker and al. (1998) have
reported that these hyphae are responsible for the
mineral nutrition and water uptake of the symbiotic
tissues. Cruz and al. (2004) have demonstrated that
Ceratonia siliqua colonized roots by Glomus intradices
improves the nitrogen nutrition of plants, generally when
growing at low levels of nutrients.

In the perspectives of using controlled
ectomycorrhization to induce date palm plants
resistance against the Fusarium wilt, the antagonism
between fusarium oxysporum albedinis fsp. (F.A.O) and
our Pisolithus tinctorius isolate, in vitro, were already
begun in our laboratory (data not shown). In addition,
the controlled ectomycorrhization of carob plants was
performed for the first time.

Our results on ectomycorrhization allowing
biologists a very useful tool for studies on resistance to
wilt date Palm and a rigorous way to defy biotic and
abiotic constraints.

Figure 1 . Pisolithus tinctorius basidiocarps (a)
associated with Eucalypts plant (arrow) ().
Scale bar = 33000 um.
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Year 2012

[y
(63}

—
[}
e}

=
7
5
>
>
9]
=
=]
2
wv
=
—
=
5]
g
j=1
=
)
>

—~

N—

<=
[9)
o
<
Q
w2
O

~
~
—
[3)
=
3
=}
)
=
a8}
)
Q
=)
[3)
=
3,
95}
e
o
—
<
=}
=
=]
)
-
—
<
e
O
—
&)




Figure 2 . Eucalypts root ectomycorrhized by FPisolithus
tinctorius mycelia obtained in glass test tube (X 100).
Arrow a: Lateral root; Arrow b: Tap root .Scale bar = 500

um.

Figure 3 . Microscopic observation of the Pisolithus
tinctorius mycelia developed in MNM medium (X100).
Scale bar = 500 um.
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Figure 4 . Ceratonia siliqua lateral root forming a
mycorrhizas with Pisolithus tinctorius. Fungus hyphae
(a) (arrow) grow around the root to form a fungus mantle
(b) (arrows) (X100). Scale bar = 200 um



Figure & . Lateral root of Phoenix dactylifera colonised
bay Pisolithus tinctorius hyphae (a) (arrows) (X100).
Scale bar = 200 um.

The mycorrhizal fungus grows by branching
hyphae and continues to elongate only between cortical
cells interfaces (arrows) (b, ¢ and d) (X400). Scale bar =
100 um.
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Figure 6 . Pisolithus tinctorius mycelia derived from
germinated spores (arrow), in root, grew only between
cortical cells wall (a). Scale bar = 100 um. A Pisolithus

tinctorius spore can also germinate on the exterior of
root and emits mycelia which penetrate between cortical
cells (arrow) (b). Scale bar = 2000 um.

Figure 8 : Control plants root free from mycelia
contamination. a: Date palm root. Scale bar = 50 um; b:
Carob root. Scale bar = 500 um. Arrows 1: Cortical
cells; Arrows 2: Central cylinder.
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