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The carob tree (Ceratonia siliqua L.) is an important component in semi-arid Mediterranean ecosystems,
particularly in Morocco where it plays a considerable socio-economic role. This species is widely used in
the reforestation programmes and in the rehabilitation of degraded soils serving both environmental and
socio-economic objectives. In spite of these assets, this species is suffering the particular climatic condi-
tions, rare and irregular rains, long hot and dry summers, generally, leading to desertification processes.
To withstand these contrasting conditions, selected arbuscular mycorrhizal fungi (AMF) were tested for
their contribution to the growth, nutrient uptake and photosynthesis improvement of the carob tree C.
siliqua under nursery conditions.
The objective of this study was, to evaluate the effects of some arbuscular mycorrhizal fungi complexes

isolated in different Mediterranean ecosystems compared to single-species isolates selected using mor-
phological tools on the growth, mineral nutrition, and chlorophyll content of C. siliqua seedlings.
The results indicate that all the used AMF inocula stimulated significantly the height of C. siliqua seed-

lings after eight months under nursery conditions. An increase in plant height between 33% and 70% com-
pared to a control without inoculation was recorded. Similarly, the aerial dry weight recorded an increase
of 62% to 124% comparing inoculated and non-inoculated seedlings. The root dry weight has shown an
increase rate of 24% to 86% compared to the control. The analysis of mineral contents in plant tissues,
showed a highly significant increase in P. N. K. Ca and Mg levels of the aerial parts compared to the con-
trol. A significant increase in chlorophyll contents was noticed when inoculated seedlings were compared
to non-inoculated ones. This study had confirmed the importance of AMF improving the growth of C. sili-
qua seedlings; the AMF complexes remain to have the important growth and mineral nutrition responses.
However some single- species have shown similar magnitude to the complexes for all analysed param-
eters. A large biofertilizer potential of the single-species isolates in the inoculation of C. siliqua is demon-
strated for the first time.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction plants to tolerate biotic (Pozo et al., 2010) and abiotic stress (Wu
The Mediterranean ecosystems are considered among the most
original of the planet and the richest in biodiversity thank to the
diverse biogeographical specificities (climates, soils, landscapes)
in this region (Blondel and Aronson, 2015). Currently, the environ-
mental conditions in Mediterranean areas are becoming severe and
are affecting vegetation and soil quality (structure, micro and
macro-element contents, etc.) (Mace and Masundire, 2005;
Cuttelod et al., 2008). Thus this area is considered to be one of
the most vulnerable regions (Zaimeche and Sutton, 1997). Plants
are facing several difficult situations such as stress and overex-
ploitation of natural resources, leading to delicate and impover-
ished soils. The development and production of the most tree
plants in these arid and semi-arid zones are limited, leading to
their degradation (Zaimeche and Sutton, 1997; Duponnois et al.,
2013). In Morocco, the carob tree is an important thermophilic spe-
cies (Rankou et al., 2017). The carob tree is present in the country
in natural stands or in artificial plantations up to 1150 m
(Emberger and Maire, 1945; Batlle and Tous, 1997; Baumel,
2018). This species has the capacity to develop in such a contrast-
ing environment, which supposes its high degree of adaptability
(Ozturk et al., 2010). It contributes to the preservation of the land-
scape and plays considerable socio-economic roles. The concern in
this plant has increased incredibly in these regions due to the
development of the food industry and the growing demand for
carob products (Gubbuk et al., 2010). All the components of the
tree (foliage, flowers, Pods, wood, bark, and roots) are beneficial,
and have been evaluated. C. siliqua pods, pulp, seeds and gum are
widely traded and used in the food industry (Biner et al., 2007;
Dakia et al., 2007; Papaefstathiou et al., 2018). Despite these assets,
this species is subject to aggressions due to biotic and abiotic con-
straints, such as rare and irregular rainfall, long hot and dry sum-
mers. These conditions have led to intense destruction of forests
and deterioration of ecosystems and have often limited the perfor-
mance of reforestation tasks (Rankou et al, 2017). This degradation
is accompanied by an increase in the impact of erosion on the sur-
face stratum of soil, leading to a decrease in the soil physicochem-
ical, and biological fertility (Requena et al., 2001). Nowadays,
maintaining the quality of soil is a key issue to optimize the stabil-
ity and the productivity of natural ecosystems (Buscot, 2005). Soil
microorganisms are responsible for essential ecosystem functions
such as biogeochemical nutrient cycling, maintenance of plant
health and soil quality (Barea et al., 2005; Richardson et al.,
2009; El Kinany et al., 2018). Initiatives have been undertaken to
domesticate this forest species in nurseries and plantations, in
reforestation programs serving both environmental and socio-
economic objectives (Ouahmane et al., 2012; Manaut et al.,
2015). C. siliqua is used to develop marginal lands (Batlle and
Tous, 1997; Janick and Paull, 2008). Among the successful revege-
tation strategies in these ecosystems, those based on the use of
mycorrhizal symbiosis are widely adopted (Azcón-Aguilar et al.,
2003; Duponnois et al., 2007). Two strategies are generally pro-
posed depending on the level of environmental degradation
(Duponnois et al., 2013), the management of mycorrhizal soil
infectivity through the establishment of indigenous and myco-
trophic plant species (Azcón-Aguilar et al., 2003; Ouahmane
et al., 2006) and/or the prior inoculation of plants via selected
high-performance fungal strains (Caravaca et al., 2003; Manaut
et al., 2015). The carob tree is indeed highly dependent for its
growth on the efficiency of interactions with soil mycorrhizal fungi
(Ouahmane et al., 2012; Jadrane et al., 2021). Arbuscular mycor-
rhizal fungi (AMF) improve the efficiency of nutrient uptake by
plants in low fertility soils by increasing the area of uptake and
mobilization of nutrient sources (Smith and Read, 2008). They help
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et al., 2013; Jadrane et al., 2021). They influence the structure
and activity of microbial communities in the mycorrhizosphere
(Marschner and Timonen, 2005; Dabire et al., 2007) and also pro-
mote coexistence between plant species (Hart et al., 2003). In a
nutrient-poor environment, AMF contribute not only to plant
establishment but also to soil improvement and protection
(Caravaca et al., 2003). In Mediterranean ecosystems, many
researchers have recognized that the mycorrhizal symbiosis is a
key factor in the facilitation of plants establishment on degraded
soils by the use of native AMF in controlled mycorhization prac-
tices (Ouahmane et al. 2007). In addition, the use of native species
and drought-tolerant plants has been reported in many studies to
accelerate succession and restore functional plant cover (Caravaca
et al., 2003; Alguacil et al., 2005).

The objective of this study was to evaluate and compare the
effects of Arbuscular mycorrhizal fungi complexes and single-
species isolates from different Mediterranean ecosystems on the
growth, on the mineral nutrition and on the photosynthetic activ-
ity of C. siliqua under nursery conditions. The ultimate goal was to
use these fungal isolates as biofertilizers in reforestation programs
based on the production of C. siliqua seedlings inoculated with effi-
cient and competitive arbuscular mycorrhizal fungi in controlled
mycorrhization manipulations.

2. Materials and methods

2.1. Study sites

This study was conducted in five areas located in the regions of
Marrakesh -Safi and Zagora in Morocco. The climate is arid to semi-
arid. Samples were conducted under different climates and soil
conditions. The following representative plants were sampled,
Argania spinosa, C. siliqua, Phoenix dactylifera and Retama mono-
sparma). Some extreme stressed sites were sampled like salty soil
and abundant mine site. (Fig. 1) (Table 1).

2.2. Soil samples

The soil samples used in this study were obtained from the
above-mentioned sites. At each site, approximately 10 kg of soil
close to the root system was collected from 10 randomly selected
trees. The samples were taken at a depth of 10 to 30 cm and
homogenized to obtain a representative sample of the entire site.

2.3. Preparation and multiplication of the mycorrhizal inoculum

The Corn (Zea mays) was used in trap culture for the production
of endomycorrhizal inoculum for mycorrhizal complexes. For this,
the corn seeds were disinfected in a 30% (v/v) hydrogen peroxide
solution for 30 min and rinsed several times with sterile distilled
water and then germinated in plastic pots containing soil from
the various stations. The complexes were classified as A1 (rhizo-
sphere soil of the Argan tree), A4 (Abandoned mine), A7 (Rhizo-
sphere soil of the Carob tree), A9 (Salty soil) and A10
(Rhizosphere soil of the date palm tree) (Table 1).

2.4. Spore extraction and preservation

Spore suspensions from (Zea mays) culture were prepared using
two techniques. One was based on the wet sieving and decantation
of the soil samples (Gerdemann and Nicolson, 1963). The second
one consists in concentrating the spores by centrifugation on a
sucrose solution (Brundrett et al., 1996). Recovered spores were
stored in polyvinyl-lacto-glycerin (PVLG) medium (Estaún et al.,
1997).



Fig. 1. Geographical position of the sampling sites.

Table 1
Geographical position, physicochemical parameters and fungal spore richness of the sampling sites. Mean values ± SE in the same column followed by the same lower case letters
are not significantly different according to Tukey (HSD) test (P < 0.05).

Sites Rhizosphere soil Localization pH Conductivity
(ms.cm�1)

TOC (%) N (%) P(ppm) Number of fungal
spores/100 g of soil

Essaouira (A1) Argan tree 31.49 ± 9.71 8.09b ± 0.02 0.35d ± 0.01 4.56a ± 0.2 1.38a ± 0.12 64.76a ± 3.23 1240a ± 62
Abandoned mine kettara (A4) Retama shrub 31.87 ± 8.18 6.81d ± 0.1 44.13b ± 2.2 0.95c ± 0.03 0.93b ± 0.03 2.28e ± 0.23 470c ± 58
Ourika valley (A7) Carob tree 31.43 ± 7.84 8.06b ± 0.03 0.41d ± 0.12 5.07a ± 0.2 1.59a ± 0.23 47.28b ± 2.67 970b ± 80
Salty site (A9) Date palm tree 31,57 ± 7.67 7.05c ± 0.05 118.03a ± 1.97 3.67b ± 0.43 0.46c ± 0.14 12.24c ± 1.11 425d ± 70
Zagora (A10) Date palm tree 30.38 ± 6.21 8.23a ± 0.12 7.75c ± 0.22 0.96c ± 0.01 0.32d ± 0.21 4.45d ± 0.89 520c ± 15

E. Outamamat, H. Dounas, F. Aziz et al. Saudi Journal of Biological Sciences 29 (2022) 2121–2130
2.5. Single-species culture

The selection process of AMF, was based on the most abundant
morphotypes among the spore community forming the complexes
(A1, A4, A7, A9, A10). Indeed, the major morphotypes in the com-
plexes might be the most effective fungal species colonizing and
promoting the growth of the sampled host plant (Table1).The pro-
duction of monospecific isolate from single spore suspension was
applied using the technique of micropipette tips proposed by
(Feldmann., 1998) and well detailed by (Tchabi et al., 2009).
Monosporal culture process usually starts with carefully selected
healthy and infectious spore originated from rhizosphere soils.
The success varies greatly depending on the type of soil, the
amount of organic matter, the environmental conditions and the
season. Sandy soils with low organic matter content seem to give
the best results. More consistent results were obtained by using
spores from potted crops for obvious reasons because many spores
are newly formed and therefore of closer age and morphological
distinctions between species are easier to detect (minimizing con-
tamination) (Tchabi et al., 2009). The single-species culture can
then be summarized in the following six points. Isolation of AMF
spores from trap cultures, e.g. by sucrose-gradient technique, col-
lection of spores in a Petri dish. Set up of pipette tip microcosms
to promote mycorrhizal formation due to the narrow space of leek
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roots and AMF spore. After 2 months the bottom of the pipette tip
is cut, to enable the plant to expand when it is transferred to a big-
ger soil volume. The transfer of pipette tip into bigger soil volume
(100 ml) to promote the multiplication of spores. Additionally,
more leek plants are added to the soil (Maize, sorghum, wheat
can be added as well). After another 3 months culture, the soil
can be dried out and all pots can be screened if the mycorrhizal
establishment was successful, regular success rate about 10–15 %
was recorded. The soil of positive samples can be used as inocula
to set up bigger pots for spore multiplication (1–2 L). Finally six
refined monospecific isolates were produced (A1RF, A1RC, A4RF,
A7RF, A9RF, A10RF).

2.6. Experimental protocol

In order to compare the effects of different inocula, termed as
complexes A1, A4, A7, A9, A10 and fungal isolates A1RF, A1RC,
A4RF, A7RF, A9RF, A10RF on C. siliqua plants in controlled mycor-
rhization experiment, fungal isolates were placed against the root
system of the carob seedlings at planting time when the germi-
nated seeds were 1 to 2 cm long. For this, 2 g of root fragments
extracted from the three months Maize culture containing the
multiplied fungus were used as inoculum. Sterilized C. siliqua rhi-
zospheric soil was used as substratum in the experiment (Fig. 2).
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Fig. 2. Roots infection rate in C. siliqua seedlings after inoculation with different fungal complexes and isolates. Mycorrhizal frequency (F%) and colonization intensity (M%).
The values represented by the same letter are not significantly different according to Tukey’s test at p � 0.05.
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Pots containing 2 kg of soil collected under Carob tree and steril-
ized (140 �C for 6 h) were used in the experiment. The mean soil
characteristics were pH (8.06), clay% (18), silt% (40.9), sand%
(41.1), C% (5.11), N% (1.07), and P mg.Kg-1 (18). The experiment
was conducted under greenhouse conditions at the Cadi Ayyad
University of Marrakesh. The average day/night temperature was
36/25 �C, the relative humidity (RH) was 55/86 % and the photope-
riod was about 16 h light / 8 h dark. Seedlings were daily irrigated
with tap water. Ten repetitions for each treatment were set. Five
repetitions were used for the analysis of growth, and mineral nutri-
tion parameters.
2.7. Parameters assessment

2.7.1. Determination of root colonization and plant biomass
production

A fraction of the roots, from the lateral root system, was care-
fully washed, cleared with 10% of KOH at 90 �C for 30 min, then
acidified with 1% HCl for 10 min and was stained with Trypan blue
at 90 �C for 20 min (Phillips and Hayman, 1970). AMF infection fre-
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quency and intensity were evaluated in root fragments by the
method of Trouvelot (Trouvelot, 1986). The response of plants to
mycorrhizal inoculation was evaluated after 8 months of cultiva-
tion by determining the biometrical data (i.e., plant height, dry
weight of shoots and roots, the root collar diameter)
2.7.2. Photosynthetic pigments
Photosynthetic pigments were extracted from leaf samples in

80% acetone as described by Arnon (Arnon, 1949). The extracted
material was centrifuged at 10 000 � g for 10 min. The optical den-
sity of the supernatants was recorded at 480, 645 and 663 nm
using a UV–vis spectrophotometer (UV-3100PC spectrophotome-
ter) and a blank containing 80 % acetone was used as a control.
Chlorophyll a, b and total chlorophyll contents were determined.
2.7.3. Nutrient analysis
To determine the mineral contents, oven-dried shoots and roots

were powdered, and digested with 98% H2SO4 and 30% H2O2. The
phosphorus (P) content was estimated after biomass calcination
using the Olsen method (Olsen, and Dean, 1965) and the total
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nitrogen was measured by the Kjeldahl method. The contents of
Na+, K+ and Ca2+ in the seedlings were measured by flame photom-
etry (JENWAY, PFP7) as described by Wolf (Wolf, 1982).

2.7.4. Statistical analyses
The data were processed with Principal Component Analysis

(PCA) to separate the different treatments and determine the
groups according to the measured parameters. The PCA was com-
pleted by a variance analysis (ANOVA) at the 5% threshold with the
XL stat software, followed by the Tukey test for a comparison of the
means which allows to classify the different inoculums and to
know which ones are the most adapted to carob trees in terms of
growth improvement.
3. Results

3.1. Mycorrhizal inoculants

From the trap culture five mycorrhizal complexes were
obtained and numbered A1, A4, A7, A9 and A10 (Table 1). Generally
these complexes were consisted of different genera in different
rates, such as Glomus (82–86%), Rhizophagus (10–14%) Claroideoglo-
mus (1–2%), Sclerocystis (0.5–2%), Paraglomus (0.5–1%), Gigaspora
(0.5–1%), Acaulospora (0.5–1%).

From the monosporal culture, six monospecific isolates were
produced (A1RF, A1RC, A4RF, A7RF, A9RF, A10RF) from respective
complexes and were assimilated to (Glomus sp1, Glomus sp2, Glo-
mus sp3, Glomus sp4, Glomus sp5, Glomus sp6).

3.2. Evaluation of arbuscular mycorrhizal fungi infection

Microscopic observation of the roots of inoculated seedlings has
shown inequalities in the behaviour of these seedlings with respect
to different isolates and fungal complexes, which confers that C.
siliqua is very receptive to colonization (Fig. 3). The mycorrhizal
frequency was higher than 43% for all the tested inocula. Mycor-
rhizal complexes were more infectious, the mycorrizal frequency
was higher than 63% especially A10 and A9 showed a frequency
exceeding 88%, the native carob complex A7 recorded a mycor-
rhizal frequency of 78%). The monospecific isolates tested were less
infectious with the exception of the A10RF and A9RF isolates which
have recorded a high frequency of 65% (Fig. 3). Similarly the myc-
orrhizal colonization intensity of seedling roots was higher for the
different AMF inoculants, and the mycorrhizal complexes pre-
sented higher intensities than mono-specific isolates.

3.3. Effect of different fungal inocula on the growth of Ceratonia siliqua

After 8 months of cultivation, the results obtained are shown in
(Fig. 2). Generally, inoculation with the different tested fungal inoc-
ula had a marked effect on plant growth, especially on height. The
best stimulation was obtained when the seedlings were in associ-
ation with the A9, A10 complexes. The height is larger than 34%
compared to the control. For the fungal isolates A9RF and A10RF
an important improvement in height was recorded (more than
24%). In addition the root collar diameter was higher in mycor-
rhizal seedlings than in the control test. The highest root collar
diameters were observed in plants inoculated with the mycorrhizal
complexes (A9, A10) (Fig. 4).

Overall, the measurement of fresh and dry shoot and root
weights had shown a positive effect of the inoculation of the seed-
lings with the different isolates compared to the control. However,
it was noted that the shoot and root dry weight was the best crite-
rion for growth estimation. In this case, it was observed that the
dry weight is increased for over 50% in mycorrhizal seedlings com-
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pared to the control. The best values were obtained using the com-
plexes A9 and A10.

3.4. Effects of different isolates on the nutrient contents

The different inocula had significantly improved the nutritional
pool of the carob tree in a wide range of ways (Fig. 5). Phosphate
nutrition was significantly higher when plants were inoculated
with the complexes especially with A9 and A10 and with the iso-
late A9RF compared to the control seedlings. For nitrogen nutri-
tion, the inoculation of the plants significantly induced an
increase in nitrogen content and the best values were recorded
with the A9 complex and also with the A9RF isolate (p greater
than 0.05) (Fig. 4). With respect to other nutrients, and more
specifically potassium (K) and calcium (Ca) levels, the efficacy of
the arbuscular mycorrhizal fungi was observed in plants inocu-
lated with the different complexes and isolates. For magnesium
(Mg) nutrition, a significant improvement was recorded compared
to the control, especially with the mycorrhizal complexes (Fig. 5).

3.5. The effect of different isolates on chlorophyll contents

All the used mycorrhizal fungi inocula induced an increase in
chlorophyll contents compared to the control. The best values were
recorded in the inoculated plants with the complexes compared to
the isolates. The complexes extracted from stressed environments
(A4 abundant mine and A9 saline soil) had shown higher improve-
ments of chlorophyll contents in plant tissues, compared to the
control (Fig. 6).

4. Discussion

The arbuscular mycorrhizal fungi play an important role in the
establishment and sustainability of plant cover. However, in
degraded soils of Mediterranean ecosystems, the mycorrhizal
infectious potential is very low. Hence the need to improve this
potential in natural and artificial regeneration programmes in
these arid and semi-arid ecosystems. Results obtained in the cur-
rent study showed that the AMF colonization rates varie between
different types of inoculations. Globally, this rate is improved in
the case of inoculation with mycorrhizal complexes, particularly
with AMF from stressed zones (A9 and A10) and in the case of sim-
ple inoculation by isolates, which allows a high colonization rate,
especially with the isolates A9RF and A10R (Fig. 3).These results
corroborate other studies carried out in the Mediterranean region
on the carob tree (Ouahmane et al., 2012; Manaut et al., 2015;
Jadrane et al. 2021) and also on other forest plants (Bouamri
et al., 2006; Abbas et al., 2007) which have shown high mycorrhizal
infection in these plants. On the basis of the previous results, it is
noted that inoculum from stressed environments ((A10) or (A9))
have a high capacity to colonize roots of C. siliqua seedlings.

The results showed a positive effect of the different inocula on
the growth parameters of C.siliqua , after eight months, (Fig. 4)
which resulted in a twice as important increase in plant height
compared to the control. Similar trend was recorded for the fresh
and dry aerial and root biomass, which were significantly increased
compared to the control. Consquently, the growth rate of the
plants was significantly higher. In general, the highest values were
recorded for complexes which stimulated strongly the plant
growth compared to the other fungal isolates. Besides, inoculation
with AMF isolates had an important effect compared to the control.
Similar results were reported in other plants in arid and semi-arid
regions (Abbas et al., 2007; Ouahmane et al., 2007).

After eight months of planting, P and N content of the leaves of
the young carob seedlings was higher in the mycorrhized plants
compared to the control (Fig. 5) (Manaut et al., 2015). Between



Fig. 3. Effects of different fungal inoculates on growth parameters of C. siliqua plants. The values represented by the same letter are not significantly different according to
Tukey’s test at p � 0.05.
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the different inocula, the highest values were obtained with coml-
pexes compared to isolates. The complexes A9 and A10 seemed to
be the most efficient in this process by allowing a nitrogen increase
twice as much as that encountered in the control plants (Nakmee
et al., 2016). The autochtonus complexes from the stressed envi-
ronments had a significant effect compared to the complex A7.
The A9RF isolate showed a remarkable effect compared to the
other isolates (Farzaneh et al., 2011; Richardson et al., 2009).

These results corroborate with other studies on carob
(Ouahmane et al.,2012; Manaut et al., 2015; Jadrane et al. 2021)
and other plants in the Mediterranean region (Ouahmane et al.,
2007; Rooney et al., 2011; Abbaspour et al., 2012).

With respect to other nutrients; and more specifically the levels
of Potassium (K) and calcium (Ca)) (Fig. 5), the efficiency of AMF
was observed in the plants inoculated with the various isolates.
Also, for both elements, the seedlings inoculated with the A9 and
A7 comlexes remain important compared to those of the control
(Abbaspour et al., 2012). For magnesium (Mg) content, an impor-
tant improvement was recorded compared to control, especially
for complexes (Wu and Xia, 2006). Therefore in carob seedlings,
AMF had improved the absorption of mineral elements. This pro-
cess is closely related to the origin of the fungal strains used.
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Compared to the control without inoculation, the inoculated
plants had shown a significant improvement of the chlorophyll
a, b, and the total chlorophyll contents, especially for the com-
plex A9 and for the isolate A9RF (Fig. 6). This increase is due
to the absorption of mineral elements, mainly magnesium. Sev-
eral authors reported that the increase in Mg content was neces-
sary for the biosynthesis of chlorophyll (Chandrasekaran et al.,
2019; Ratti et al., 2010). The results obtained were subjected
to (PCA) analysis which allowed a distribution and grouping of
different fungal inoculants with similar effects on the measured
parameters (Fig.7). It can be seen that the complexes A9, A10,
A4, A1 and A7 are more efficient compared to all the mono-
specific isolates and to the control, and their effects were tagged
on the most analysed parameters. The PCA analysis has been
completed by Anova analysis which allowed to classify these dif-
ferent inocula and to see the best performing ones by comparing
the averages of the different parameters Table 2. It‘s obvious that
complexes from stressed regions (A9, A10) performed better
compared to the fungal complex A7 and also to the isolates
ARF9 and ARF10, complexes from saline regions are very stimu-
lating for C. siliqua seedlings (Table 2).
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Fig. 4. The effect of different fungal complexes and single-species isolates on the nutrient contents. The values represented by the same letter are not significantly different
according to Tukey’s test at p � 0.05.
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Fig. 4 (continued)
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5. Conclusion

Ceratonia siliqua is a highly dependent plant species from myc-
orrhizal symbiosis. The use of AM fungal inoculant can be very
2127
effective improving the growth capacity of the carob seedlings.
Mineral nutrient uptake and chlorophyll content, particularly with
the complexes have shown a high potential. The current study has
shown that it is therefore necessary to exploit more the mycor-
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rhizal fungi diversity in the Mediterranean area for forward use in
domestication of Ceratonia siliqua and for revegetation of degraded
ecosystems under harsh conditions using the carob tree seedlings
inoculated with performing inoculants.
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Table 2
Statistical analysis of the effects of mycorrhizal inoculation of C. siliqua seeldlings with various complexes and isolates on growth, mineral nutrition, chlorophyll contents and
mycorrhizal traits after eight months culture using the ANOVA followed by the Tukey’s test (HSD).

H (cm) RFW
(g)

RDW
(g)

DC
(cm)

AFW
(g)

ADW
(g)

Chla
(mg/g
F.W)

Chlb
(mg/
gF.W)

Chltt
(mg/
gF.W)

NTK
(%)

P(mg/g) Ca % k % Mg % F (%) M (%)

A9 13.56f 1.44d 0.52d 0.54d 3.02f 1.25e 1.94i 1.37d 3.56 g 0.19 fg 0.61ef 12.31 g 6.01f 3.10 g 81.66 fg 48.21f

A10 13.1 def 1.47d 0.53d 0.49 cd 3.05f 1.28e 1.55f 1.26c 2.94d 0.15b 0.58def 9.21e 5.8f 3.02 fg 88.3 g 54.61 g

A7 12.62bcd 1.04bc 0.47 cd 0.42bc 2.72def 1.12de 1.75 g 1.55f 3.34f 0.2hi 0.57cdef 11.49f 5.82f 3.03 fg 71.66ef 50.15f

A4 13.48ef 1.38d 0.53d 0.50 cd 2.94f 1.17de 1.88hi 1.08b 3.10e 0.17de 0.58cdef 9.21e 5.62def 2.84ef 63.3de 35.55d

A1 13.02def 1.26 cd 0.47 cd 0.43bc 2.73ef 1.06 cd 1.83 h 1.36 cd 3.16e 0.16 cd 0.52bcde 9.22e 5.66ef 2.9efg 83.3 fg 41.33e

A10RF 12.38bc 0.94bc 0.34ab 0.39b 2.64def 0.94bc 1.37e 1.49ef 2.95d 0.19efg 0.50bcd 7.41bc 4.79bc 2.58 cd 88.33 g 26.56c

A9RF 12.3bc 0.83b 0.27a 0.36b 2.39cde 0.93bc 0.97d 1.65 g 2.67c 0.21i 0.63f 7.58c 5.32de 2.69de 63.33de 22.95c

A7RN 13.01def 1.04bc 0.39bc 0.35b 2.31bcd 0.9bc 1.52f 1.26c 2.82d 0.19gh 0.48abc 8.21d 5.18 cd 2.56 cd 58.33cde 17.43b

A4RF 12.62bcd 0.77b 0.37abc 0.38b 2.49de 1.04 cd 1.91hi 1.96 h 3.94 h 0.16bc 0.45ab 6.63a 3.85a 2.17b 48.33bc 24.28c

A1RC 12.19b 0.8b 0.36abc 0.37b 2.06bc 0.85b 0.47b 1.44de 1.90b 0.18ef 0.57cdef 6.71a 4.65b 2.54 cd 43.33b 34.11d

A1RF 12.9cde 0.87b 0.36abc 0.37b 1.90ab 0.63a 0.77c 1.02b 1.80b 0.16 cd 0.55bcde 7.18b 4.87bc 2.44c 53.33bcd 34.28d

Control 10.41a 0.42a 0.26a 0.27a 1.54a 0.58a 0.32a 0.28a 0.57a 0.12a 0.39a 6.60a 3.42a 1.95a 0.0 a 0.00a

For each column, the values followed by the same letter are not significantly different (p < 0.05). A1, A4, A7, A9, A10: are AMF complexes and A1RF, A1RC, A4RF, A7RN, A9RF,
A10RF are isolated strains; C: control (no-mycorrhizal plants).
H : Height (cm) ; RFW : Root fresh weight (g) ; RDW : Root dry weight (g) ; DC : Diameter to collar (cm) ; AFW : Aerial fresh weight (g) ; ADW : Aerial dry weight (g)
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