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ABSTRACT

Inoculation of carob plants, Ceratonia siliqua, with endomycorrhizae has a significant effect on the growth of
these plants. Indeed, the mean values of the length (61cm) and weight (57.85g) of the aerial part; the length
(53.87cm) and weight (53.27g) of the root system, stem diameter (1.15cm) and the number of sheets (139.12)
inoculated plants with mycorrhizal AM are higher than those inoculated simultaneously with the
endomycorrhizae and T7richoderma harzianum (Tcomp) respectively, 56.12 cm, 44.47 g9, 42.25 cm, 39.82g, 1.03cm,
130.37 and also those only inoculated with 7. Aarzianum. Moreover, the frequency (98%) and the intensity (73%)
of mycorrhization being higher in the level of the roots seedlings inoculated only with endomycorrhizae that those
co-inoculated with mycorrhizae AM and 7. harzianum, respectively 75% ; 56%. It seems therefore that 7.
harzianum reduced root colonization by mycorrhizal fungi. The roots of seedlings inoculated only with 7
harzianum and those of control plants showed no mycorrhizae. Mycorrhizal fungi did not prevent colonization of
carob roots with 7. harzianum, this fungus was re-isolated from the roots of the plants inoculated with Tcomp
and those of co-inoculated with mycorrhizae and Tcomp.

The study of morphological criteria of AM fungi spores isolated from the rhizosphere of plants inoculated with
endomycorrhizae allowed us to identify 21 different species: 13 species belong to the genus Glomus, 4 to
Acaulospora, 3 to Scutellospora and 2 to Gigaspora. For the plants co-inoculated with endomycorrhizae and 7.
harzianum, there is the presence of 18 species: 8 are belonging to the Glormus genus, 6 to Acaulospora, 3 to
Scutellospora and only one species belongs to Pacispora.

Keywords: Micropropagation, endomycorrhizae, Trichoderma harzianum and carob plants.

INTRODUCTION
In Morocco, the carob tree (Ceratonia siliqua) is Belaizi et al.? and Gharnit®. The essentia
widely distributed, in the form of spontaneous or characteristics of the carob tree, including its

planted stands in the whole country up to 1150 m
atitude™***. With an annual production estimated at
26 000 tonnes®, this agro-forestry-pastoral species has
enormous socio-economic and ecological interests™®.
Its tolerance to drought explains its great distribution
in the arid and semi-arid Mediterranean climate”®°°.

Micropropagation of the carob tree was the subject of
several  studies, particularly including those of
Thomas and Mehta'®, Vinterhalter and Vinterhalter™,

plasticity, its hardiness and drought resistance®, and
its ability to develop coping strategies morphological,
physiological and biochemical respect to different

degrees of water stress, alowing it be installed
favorably in coastal areas, semi-arid and arid hence
the importance of its use in reforestation and
afforestation programs is increasingly
recommended™® . However, the carob tree is sill
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very neglected in reforestation programs™ because of
failures plantationsin forest areas'.

From another angle, the arbuscular mycorrhizal fungi
(AM) and the antagonist fungus Trichoderma showed
improvement in productivity and the health of plants
and therefore have a particular interest in sustainable
agri Culture17'18'19’2°’21.

The combination of these two control methods was
reported in several studies with mixed results. Several
studies have shown a positive effect of this double
inoculation on the performance of the plant in the
presence and absence of pathogens#?*%  while
others have reported a reduction in dry weight of
shoots and roots of the plant?®%"2,

The main effect of mycorrhizal fungi in undisturbed
ecosystems is to enhance the growth of mycorrhizal
relative to non-mycorrhizal plants®®*. Similarly, they
wrap the roots of plants and therefore congtitute a
physical barrier that protects against diseases® .
They also cause a series of dynamic biological and
biochemical reactions such as the decomposition of
organic matter, the synthesis of new materials,
weathering of rocks and the transformation element

in the soil and therefore affect the availability of
nutrients plants™*,

Trichoderma spp. was reported as phytostimulator
and biological control agent acting mainly through
the production of antimicrobial compounds or
parasitism of plant pathogens®™**’. The potential use
of this microbial inoculant was studied in agricultural
and horticultural systems where it would have been
consistent with AM mycorrhizal fungi®.

In this context, the objective of this study was to
investigate the effect of single and double
endomycorrhizae inoculation between mycorrhizal
fungi (AM) and a strain of Trichoderma harzianum
on the parameters of mycorrhization and growth of
carob plants.

MATERIALSAND METHODS

1. Soil
The used soil in this study is that of the Mamora
forest. This soil has been disinfected in an autoclave
a 200 °C for 2 hours. The physico-chemical
parameters of the soil are shown in Table 1.

Tablel
Chemical characteristics of Mamora’s soil
physicochimiques pH Organic Nitrogen Phosphore Potassium Magnesium Calcium
Parameters matter % (%) P205 (%) K20 (Mg) (Ca)
(meq /100 g) (meqg/100g) (meg /100 g)
Soil of Mamora 753 0.7 0.05 0.239 0.15 0.20 73515
2. Plant material mycotrophic ~ species were used as an

The study was performed on elderly carob plants of
six months, which were brought from a nursery
located in the Kenitra region (Northwestern
Morocco).

3.Production and multiplication of
endomycorrhizal inoculum.

A composite endomycorrhizal inoculum  was
collected from the rhizosphere (soil and roots) carob
developing in different Moroccan regions (Taroudant,
Khenifra, Afourar, Nador and Ksiba) and samplings
of roots were collected from these plants. Corn and
sorghum seeds were disinfected with sodium
hypochlorite (5%) for two minutes; they were rinsed
with tap water and sown in pots containing the
rhizospheric soil of carob. These pots were placed in
the greenhouse and sprayed regularly with distilled
water.

After three months of culture, the frequency and
intensity of mycorrhizal roots of maize and sorghum
were estimated using the method of Phillips and
Hyman®. The soil and the roots of these two

45

endomycorrhizal inoculums of the caraob tree plants.

4. Inoculum of T. harzanum

The Tcomp T. harzianum was cultivated on PSA
media (Potato Sucrose Agar) and incubated at 28 ° C
for 5 days in the dark and 5 days under light to
promote conidial production. The conidia were then
recovered by immersing the surface of the cultures
with sterile distilled water and the concentration of
conidial suspensions was adjusted to 10 conidia/ ml.

5. Inoculation

5.1 Inoculation with mycorrhizae

Inoculation of carob tree plants with mycorrhizae is
to fill half the pot with mycorrhizal inoculum (soil
and roots containing AM fungi) and the other half
with sand forest of Mamora disinfected in an
autoclave. Controls were transplanted into pots
containing sterile soil of Mamora forest.

The inoculated plants were watered daily with
digtiled water to facilitate the installation of
mycorrhizae while other seedlings were watered with
tap water.
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5.2. Inoculation with T. harzianum

Inoculation of carob plants with T. harzianum were
carried out by immersing the coated roots of their
germination substrate in conidial suspensions of the
Tcomp strain for 30 min, after they were transplanted
directly into the pots.

6. Experimental device

The experiment was carried out between May 2014
and April 2015. The experimental device was
designed in random blocks with a seedling per pot
and eight repetitions for each treatment. The pots
were then placed in a plastic greenhouse where the
temperature varies between 18 and 25 ° C.

Lot 1: control plants (C).

Lot 2: The plants inoculated with the strain Tcomp
(Tn.

Lot 3: Plantsinoculated with AM fungi (Myc).

Lot 4: Plants inoculated simultaneously with AM
fungi and Tcomp (Myc + Tr).

7. Evaluation of agronomic parameters of carob
plants

After 10 months of culture, the pots were returned to
the greenhouse and carob plants were cut off at the
neck. Growth parameters evaluated include the
number of sheets, the number of branches, length and
fresh weight of the aeria part, the diameter of the
main stem and the fresh weight and the length of the
root portion and the percentage of leaves showing
symptoms of chlorosis or necrosis, calculated using
the following equation.

=y

o
e

%Fs,m : Percentage of leaves showi ng symptoms.
Mz :Number of leaves showing symptoms.

¥rg  : Total number of leaves.

Other agronomic parameters were measured on thirty
roots of each lot, number, length and diameter of the
branches.

8. Evaluation of mycorrhizal parameters

8.1. Mycorrhizal roots

After ten months of inoculation, the identification of
the colonization of the roots of the carob tree plants
by AM fungi was conducted using the staining
technique of the roots of Phillips and Hayman®. The
roots were recovered from the substrate and washed
with water. The thinnest roots were cut into pieces of
1 cm length, soaked in a solution containing 10%
KOH and a few drops of hydrogen peroxide (H,0,)
and placed in an oven at 90 ° C for 45 min. These
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fragments are then rinsed with distilled water and
heated at 90 ° C for 15 min in the cresyl blue.

Thirty randomly selected fragments were used for
microscopic observation and calculating mycorrhizal
parameters, in this case mycorrhizal frequency
(MF%), mycorrhizal intensity (M1%), the content of
arbuscules and vesicles were estimated according
mycorrhizal index Trouvelot et al®.

8.2. Extraction of spores

Spores are extracted following the wet sieving
method described by Gerdemann and Nicolson®. In a
1 L beaker, 100 g of each composite soil sample is
immersed with 0.5 L of tap water and stirred for 1
minute with a spatula. After 10 to 30 seconds of
settling, the supernatant is passed through four
superimposed decreasing mesh sieve (500, 200, 80
and 50 microns).This operation is repeated twice. The
content retained by the sieve of 200, 80 and 50 um is
divided into two tubes and centrifuged for 4 minutes
at 9000 rev / min. The supernatant is discarded and a
viscosity gradient is created by adding 20 ml of a
40% sucrose solution to each centrifuge tube®™. The
mixture was rapidly stirred and the tube provided
again in the centrifuge for 1 min at 9000 rev / min.
Unlike the first centrifugation step, the supernatant is
poured onto the sieve with a mesh of 50 microns. The
resulting substrate was rinsed with distilled water to
remove the sucrose, then disinfected with an
antibiotic solution Streptomycin 10 mg / L The
spores are then recovered in an Erlenmeyer flask with
alittle distilled water. AM fungi have been identified
based on their morphological characteristics.

8.3. Demonstration of T. harzianum

The thinnest roots of carob plants inoculated with the
strain Tcomp were cut, disinfected with alcohol 95 °©
for 2 minutes, rinsed severa times with sterile
digtilled water, dried rapidly on sterile filter paper
and cultivated on PSA media and incubated in the
dark at 25C °.

9. Statistical Analysis

The satistical treatment of results focused on the
analysis of variance with one classification criterion
(ANOVAL) a the 5% with the STATISTICA
software.

RESULTS

Effect of AM fungi and T. harzianum on the
growth of carob plants

The length and weight means fresh air of the carob
tree seedlings after 10 months of inoculation vary
among different treatments (Figure 1). Plants
inoculated with mycorrhiza and those inoculated
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simultaneously with mycorrhizae and Tcomp strain
registered the greatest length (respectively 61 and
56.12 cm).

The short length was observed in the control plants
(35cm). The weight of the aerial part was highest in
plants inoculated with AM fungi (57.85 g), followed
by that of plants inoculated simultaneously with the
endomycorrhizae and Tcomp (44.47 g), while the
control plants and those inoculated with Tcomp alone
had similar and lower weight (279 and 27.28
respectively).

Figure 2 shows the lengths and average fresh weight
of the roots of carob plants in different treatments.
Plants inoculated with only endomycorrhizae
presented the longest roots (53.87cm), followed by
those inoculated with mycorrhiza and Tcomp (42.25
cm) while the control plants showed the shortest roots
(30.2 cm). Similarly, the average weight of roots of
plants inoculated with AM fungi is higher (53.279),
followed by those of the co-inoculated plants with
mycorrhizal and Tcomp or inoculated only with
Tcomp that were datistically similar (respectively
39.82g 42.15g). While the control showed the lowest
weight of the root system (26.36g).

The comparison between the development of the
aerial part and the root system of carob plants in
different treatments can be observed on the plate 1
The average values of the number of branches, stem
diameter, number of leaves and the percentage of
leaves with symptoms are reported in Table 2.

The co-inoculated plants with mycorrhizae and
Tcomp and those inoculated only with
endomycorrhizae have revealed statistically similar
average parameters. Indeed, they have the highest
average number of branches (47.3 and 45.37
respectively), followed by the witness, with a mean
value of 34.8 and only plants inoculated with T.
harzianum Tcomp (29.62) showed similar average
numbers of branches. The same ranking was obtained
in terms of numbers of leaves means.

Plants inoculated with single endomycorrhizae
showed the highest stem diameter (1.15cm), followed
by those co-inoculated with mycorrhizae and Tcomp.
While the other two treatments had similar average
diameters and lower.

The percentage of leaves with symptoms was more
elevated in the control plants and those inoculated
with T. harzianum (13.23% and 11.42% respectively)
followed by those co-inoculated with mycorrhiza and
Tcomp with 10.78% and finally only those inoculated
with mycorrhizae that were most protected with only
7.2%.

For a given parameter, two results affected in the
same letter are not significantly different at the 5%
level according to the ANOVA test.

a7

The effect of different treatments on the diameter and
number of branches of the roots is shown in Figure 3.
Roots inoculated with Tcomp showed the highest
diameter with 1.36 mm (Figure 4). For cons, the
number of branches in roots length 1cm is the largest
in plants inoculated with only endomycorrhizae with
0.86, while plants inoculated Tcomp only presented
the lowest number of branches (0.46).

Microscopic observation of fragments of roots after
10 months of inoculation (Figure 5), made it possible
to demonstrate the presence of different structures of
mycorrhizae, namely arbuscules (A, B, C), vesicles
(D, E) and internal and external hyphae (C, F).

The frequency of mycorrhizal roots of carob varies
from one treatment to another (Figure 6). This
frequency is amost complete at the roots inoculated
with mycorrhizae (98%), followed by the roots of
plants co-inoculated with mycorrhizae and T.
harzianum (75%). While the roots of the plants
inoculated only with T. harzianum and those of
control plants showed no mycorrhiza. The same
ranking was obtained as regards the intensity of
mycorrhization with 73% for roots inoculated with
endomycorrhizae and 56% for the co- inoculated
roots with mycorrhizae and T. harzianum.

On the other hand, the contents of arbuscular and
highest vesicles were recorded at the roots treated
with mycorrhizae, 60% and 26% respectively
(Figure?), followed by roots co-inoculated with T.
harzianum and endomycorrhizae. The same ranking
was obtained in terms of density of spores in the
rhizosphere of carob seed (Figure 8), with 92 spores/
100 g of soil in plants inoculated solely with
mycorrhiza.

It should be noted that the content of arbuscular and
vesicles and spore density in the rhizosphere of plants
have shown no effect in plants inoculated with T.
harzianum and the control plants (Figures 7 and 8).
The study of morphological criteria spores of AM
fungi isolated from the rhizosphere of inoculated
plantsidentified 21 different species. Thirteen species
belong to the genus Glomus, gender Acaulospora
four, three and two gender Scutellospora gender
Gigaspora. Glomus clarum was the most abundant
species with a frequency of occurrence which reached
31.5% (Figure 9).

The identification of fungi isolated from soil co-
mycorrhizal plants inoculated with T. harzianum and
revealed the presence of 18 species. Eight species
belong to the genus Glomus, six gender Acaulospora
three Scutellospora gender and gender Pacispora.
Glomus deserticola was the most abundant species
with a frequency of occurrence which reached 37.2%
(Figure 10).
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Figure 11 shows a microscopic observation of some
forms of vesicular endomycorrhizal species isolated
from the rhizosphere of plants carob tree.

It should be noted that T. harzianum was re-isolated
from the roots of the plants inoculated with T.
harzianum aone and also those co-inoculated with
mycorrhiza and Tcomp which shows that mycorrhizal
fungi did not prevent colonization root carob with
Tcomp (Figure 12).

DISCUSSION

In this work, the beneficial effect of mycorrhizal
fungi on carob plant growth has been proven. This
effect was reflected primarily by increased biomass
and axial and root growth. Thisisin agreement with
work Mwangi et al.*® and Chliyeh et al."®*who also
noted that the inoculation of tomato plants with AM
fungi stimulated the weight and length of the shoot
and root parts of these plants.

Indeed, the symbiosis between AM fungi and host
plant improves its absorption for phosphorus and
micronutrients**464’ " This is explained by the
increased ability of plants to explore more space in
the ground® and increased tolerance to drought®.
Similarly, the number of roots of the branches has
shown the highest in plants inoculated with AM
fungi. The influence of these fungi on root
development may be due to increased absorption of
phosphorus that could promote the proliferation and
cell elongation®. This root development is due to the
formation of a greater number of roots, confirming
that AM fungi increase the rooting zone™.

The double inoculation with mycorrhizal fungi and
Trichoderma harzianum Tcomp also stimulated al
agronomic characteristics of the plants of carob tree
but a lesser extent that inoculation of the plants with
only mycorrhizae. The positive effect of this double
inoculation (Myc + Tr) was higher than inoculation
with mycorrhizal only on Tagets erecta and Citrus
Tanaka®*®. Similarly, co-inoculation with a mixture
of four species of Glomus spp. and T. harzianum has
fostered the growth of three species of plants
Verbena, Torenia and Diascia™.

The generally higher responses in plants carob co-
inoculation with Tcomp and AM compared to
inoculation with Tcomp only are explained by the
ability of T. harzianum to solubilize the phosphorus
insoluble form®, thus enabling a better absorption
of this element by AM fungi**".

In addition, the relatively slow growth of plants
inoculated only with T. harzianum could be due to
the fact that it is necessary to introduce the inoculum
with a carrier who provides sufficient nutrient base to
escape, at least temporarily, to the competition from
other microorganisms’ terrestrial®.
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In this study, all treatments reduced the percentage of
leaves with symptoms relative to control, which
would be responsible for the stimulation of growth
part at these plants. Indeed, the symbiosis between
AM fungi and host plant increases its resistance to
disease™.In this sense, Hibar et al.* explained the
stimulation of the development of a culture of melon
following the application of T. harzianum in the work
Yedidia et al."*by activation of the plant defense
system, an increase in chitinase and peroxidase
activity and an increase in enzyme activity in leaves
inducing systemic resistance in these plants.
Furthermore, the root diameter is higher only in
plants inoculated with T. harzianum compared to
other treatments. Roohbakhsh et al.*?also reported an
increase in the diameter of the jujube tree roots in
proportion with the percentage of inoculum
containing two species of Trichoderma (T. harzianum
and T. virens).

On the other hand, the inoculated carob tree seedlings
with mycorrhiza showed mycorrhizal content highest
compared to other treatments, while the double
inoculation with T. harzianum has reduced the degree
of root colonization by the mycorrhizae. McAllister
et al.? also reported a reduction in colonization when
maize roots were inoculated simultaneously with AM
fungi and T. harzianum compared to those inoculated
only with AM fungi. This reduction has not taken
place when T. harzianum was applied two weeks
after the inoculation of plants with AM fungi.
Moreover, Rousseau et al.*observed in vitroT.
Harzianum parasitizing the AM fungus Glomus
intraradices, suggesting that these mushrooms could
act as parasites in the co-inoculation. In the present
study a correlation was observed between root
colonization by AM and the density of spores of
these fungi, which confirms the work of some authors
have reported that root colonization and sporulation
of AM fungi are directly related®

CONCLUSION

The results show the potential value due to
inoculation with mycorrhizal on the growth and
development of the carob seed. Thus, the use of a
functional-based inoculum of AM fungi as a
biotechnological technique will alow a better use of
nutrients from culture substrates to obtain better
growth enhancement of plants used in reforestation,
restoration of degraded ecosystems. A double
inoculation of plants per endomycorrhizae and
Trichoderma harzianum, reinforce the root system
and the strength of nursery plants and encourage their
installation after transplantation into the environment.
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For a given parameter, two results affected in the same letter are not significantly different at the 5% level according to the ANOVA test.
Figurel
Effect of different treatmentson the length and average weight of the aerial part of the carob tree seedlings
after 10 months of inoculation. (L.P.A): length of the aerial part; (P.P.A): weight of the aerial part; (C):
control; (Myc): arbuscular mycorrhiza; (Tr): T. Harzianum

60 -
d a

50 |

b b

a e a

C
30 b mL.S.R(cm)
mPS.R(g)
20
10
0 g T . i ’
C Myc Tr+Myc Tr

For a given parameter, two results affected in the same |etter are not significantly different at the 5% level according to the ANOVA test.
Figure2
Effect of different treatmentson the length and average weight of theroot system of the carob tree seedlings
after 10 months of inoculation. (L.S.R): length of theroot system; (P.S.R): weight of theroot system; (C):
control; (Myc): arbuscular mycorrhiza; (Tr): T. harzanum
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Plate 1
Effect of different treatments on the development of the aerial part (A) and root (B) of the carob tree
seedlings after 10 months of inoculation. (Myc): endomycorrhizae AM; (Tr): T. harzanum; C: control.
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For a given parameter, two results affected in the same letter are not significantly different at the 5% level according to the ANOVA test.
Figure3
Effect of different treatmentson the diameter and number of roots ramifications of the carob plantsten days
after inoculation. D.R : Roots system diameter ; N.R : ramification number in 1cm of root length; C :
Control ; Myc : arbuscular mycorrhizae; Tr : T. harzanum.
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Figure4
Different diameter s of roots system of carrob plants after ten days of inoculation plants. (C) : Controal ; (Myc)
: endomycorrhizae; (Tr) : T. harzanum

Figure5
Thedifferent structures of arbuscular mycorrhizae on the roots of plants Ceratonia siliqua inoculated with
mycorrhiza. a: arbuscule; hi: internal hyphae; he: external hyphae; v: vesicules; Tr: T. harzanum (G. x 400).
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For a given parameter, two results affected in the same letter are not significantly different at the 5% level according to the ANOVA test.

Figure6

Frequency and intensity of mycorrhizal roots Ceratonia siliqua after 10 months of inoculation in different
treatments. F.M: mycor hization frequency; |.M: mycorrhizal intensity; C: control; Myc: arbuscular
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For a given parameter, two results affected in the same letter are not significantly different at the 5% level according to the ANOVA test.

Figure7

Levelsarbuscular and vesicular roots Ceratonia siliqua after 10 months of inoculation in different treatments.

C: control; Myc: arbuscular mycorrhiza; Tr: T. harzanum
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For a given parameter, two results affected in the same letter are not significantly different at the 5% level according to the ANOVA test.
Figure8
Densities of mycorrhizal sporesin therhizosphere of Ceratonia siliqua after 10 months of inoculation in
different treatments. C: control; Myc: arbuscular mycorrhiza; Tr: T. harzianum.
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For a given parameter, two results affected in the same letter are not significantly different at the 5% level according to the ANOVA test.
Figure9
Frequency of occurrence endomycorrhizal speciesisolated from the rhizospher e of plants Ceratonia siliqua
inoculated with AM fungi.
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For a given parameter, two results affected in the same letter are not significantly different at the 5% level according to the ANOVA test
Figure 10
Frequency of occurrence endomycorrhizal speciesisolated from the rhizospher e of plants Ceratonia siliqua
inoculated with AM fungi and T. harzianum.

Figure1l
Some species of mycorrhizal fungi isolated from the rhizospher e of Ceratonia siliqua 10 months after
inoculation. (A) G. fecundisporum, (B) G. macrocarpum, (C) G. calospora, (D) G. deserticola, (E) G.
fasciculatum, (F) G. aggregatum, (G) A. gedanensis, (H) G. clarum and (1) G. etunicatum.
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igure 12

Re-isolation of T. harzianum from roots fragments co-inoculated with Tcomp and AM fungi (A and B).

Table2

Effects of different treatments on the number of branches, leaves, stem diameter and the per centage of leaves
with symptoms after 10 months of inoculation

Number of branches Stem diameter (cm) Number of leaves Percentage of Ieav(e;;howi ng symptoms
Myc 45.37% 1.15° 139.12% 7.2°
Myc+Tr 47.5% 1.03° 130.37% 10.78"
Tr 29.62° 0.92° 83.87" 11.428
C 34.8% 0.87° 86.8" 13.23°

(C): control; (Myc) mycorrhizae; (Tr): T. harzianum.
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