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ABSTRACT

This study presents an analysis of the impact of my-
corrhizal inoculation on growth under salt stress of
date palms cultivars Nakhla hamra (NHH) and Tijib
known in the Sahel for their earliness in flowering
and fruiting. The seedlings were grown in a green-
house on a sandy substrate watered to field capacity
every two days and were subjected to increasing le-
vels of NaCl (0, 1, 2, 4, 6, 8 and 16 g-L™) and then

inoculated with 5 strains of Glomus (G. aggregatum, G.

intraradices, G. verriculosum, G. mosseae, G. fascicu-
latum). The experimental design was a randomized
complete block with three factors (cultivars: Tijib
and Nakhla Hamra x seven levels of NaCl concentra-
tions x six levels of inoculum). The results showed
that in the absence of NaCl, G. verriculosum signifi-
cantly enhanced shoot growth: 33.5 cm against 30.3
cm in the control and roots growth: 81.5 cm against
78 cm in NHH, while in Tijib, the growth is stimu-
lated by Glomus fasciculatum: 33.8 cm against 32.7
cm for stems and 90 cm against 86 cm for the roots of
inoculated plants and controls. In contrast, in the
presence of NaCl 8 g-L ™", NHH has a better growth in
the presence of G. intraradices: 37.3 cm against 30.6
cm for stems and 77 cm against 73 for roots, while
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Tijib grows better in the presence of G. fasciculatum
with respectively 31.9 cm against 31.7 cm and 51.27
cm against 51.6 cm for stems and roots of inoculated
plants and controls. Biochemical analysis revealed
that changes in levels of proline depend on the culti-
var, the mycorrhizal strain used and concentrations
of NaCl applied. These results open the prospect of
using mycorrhizal fungi to improve the productivity
of palm trees in the Sahel.

KEYWORDS

Sahel; Date Palm; Salinity; Inoculation; Mycorrhizae;
Glomus; Proline

1. INTRODUCTION

The date palm (Phoenix dactylifera L.) is grown in the
Asian and Africa hot arid and semi-arid zones, but also in
Australia, in some Latin American countries where it was
introduced in the 18th century, and in Mediterranean re-
gions of Europe. This species is an excellent fruit tree of
the desert where he plays an economic role through the
production of dates, ecological role since it constitutes
the backbone of oasis and social role, because it stabiliz-
es rural populations [1]. However, several constraints
limit the expansion of its culture. In North Africa, partic
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ularly in Morocco and Algeria, it is mainly Bayoud dis-
ease, Fusarium wilt caused by the fungus Fusarium
oxysporum f sp. Albedinis that, for several decades, de-
cimated palms [2]. In sub-Saharan Africa, it is mainly
drought, salinization and aging hindering date palm cul-
ture and causing the disappearance of many cultivars the-
reby and the depletion of the gene pool [3]. In the Sahel,
the expansion of cultivation is hampered by the lack of
availability of cultivars adapted to local soil and climatic
conditions. In addition, the overlaps between the period
of fruit ripening and the rainy season or soil salinity are
major obstacles to the development of date palm. In Se-
negal, land salinization particularly affects coastal areas
where it leads to the formation of extensive salt flats
where it remains only a few species of plants more or
less tolerant [4]. The environmental degradation due to
salinization caused a mobilization of different actors
(state, the scientific community, economic operators) in-
volved in the field of agriculture. Their actions aim not
only to curb environmental degradation, but also to fight
against the exodus of rural populations to urban centers
by safeguarding the oasis ecosystem [5].

The development of date palm in the Sahelian area
therefore requires the selection and dissemination of ear-
ly and salinity tolerant cultivars [6,7].

Despite the full range of strategies to fight against sa-
linity (leaching, drainage, flood and use of irrigation wa-
ter quality), no use of soil microbiological potential, par-
ticularly arbuscular mycorrhizal (AM) fungi has not been
recommended and approved to date for increasing the
productivity of palm. The work of [8] and those of [9]
showed that fungi can grow naturally in various saline
environments where they can improve plant growth. [10]
determined that the AM fungi generally observed in sa-
line soils belong to the order of Glomerales particularly
Glomus.

In the present work we studied the influence of inocu-
lation with 5 strains of mycorrhizal fungi of the genus
Glomus (G. aggregatum, G. intraradices, G. verriculo-
sum, G. mosseae and G. fasciculatum) on plants cultivars
Nahla hamra (NHH and Tijib subjected to salt stress
conditions). The impacts of inoculation on the growth of
root and above ground part and the evolution of physio-
logical and biochemical parameters associated with plant
development were particularly studied to determine best
symbiotic partners (cultivars of date palms/mycorrhizal
strains) by simulating salinity levels observed in the Sa-
helian environment.

2. MATERIAL AND METHODS
2.1. Plant Material

The study was conducted on seeds harvested on females
trees of two varieties of date palm Nahla hamra (NHH)
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and Tijib, characterized by very early flowering and
fruiting, selected directly in the palm of Kseir Torchane
town located at 20 km in the North of the Atar in Mauri-
tania (latitude 20°31’ North 013°03" West).

2.2. Fungal Material

To assess the impact of inoculation on growth of date
palm seedlings, we used five strains of mycorrhizal fungi
of the genus Glomus of the collection of the “Laboratoire
Commun de Microbiologie (LCM, IRD/ISRA/UCAD)”
of the research center ISRA-IRD of Dakar Bel-Air in
Sénégal. The origin and references of these strains are
given in Table 1.

2.3. Conditions of in Vitro Germination of Seeds

The seeds were sterilized with H,SO, 96% for 10 min
and then rinsed with sterile distilled water. They were
then soaked in sterile water for 24 h before being germi-
nated in tubes (25 x 150 mm) containing 20 ml of water
agar (8 g-L™* of agar) and placed in lighting module (80
uE-sm~?) with a 12 h/12 h photoperiod at a constant
temperature of 27°C £ 0.2°C.

2.4. Greenhouse Culture Conditions and
Experimental Design

After three months of in vitro culture, the plants thus
obtained were transferred to the greenhouse in plastic
pots 12 cm high and 16 cm in diameter. These pots were
filled to 4/5 of the volume of soil from Sangalkam. The
soil of Sangalkam is sandy (94.9% sand content, clay
3.6%, silt 0.8%), poor in minerals, especially nitrogen
(0.02%) and phosphorus (4.8 mg-kg) [12]. The soil was
watered to field capacity 48 hours before the transfer of
plants.

To assess the threshold of salt stress in the greenhouse,
a first series of experiments was set up by using a ran-

Table 1. Origin and references of strains of arbuscular mycorr-
hizal (AM) fungi of genus Glomus.

Species of Region and/or References Abbreviations
AM fungi Countries or Laboratories
Glomus DJ!gr)akl, [11] Ga
aggregatum Sénégal
Glomus Ottawa, Agricultural Gi
intraradices Canada Herbarium
G_Iomus Kak?rqusse, [11] Gy
verriculosum Sénégal
Glomus Dllokroul, [11] Gmo
mosseae Sénégal
Glomus Louga,
fasciculatum Sénégal (1] Gf
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domized complete block design with two factors: culti-
vars (2) x NaCl levels (7). NaCl was previously tested at
0,1,2 4,6, 8and 16 mg-L " and a total of 20 plants per
cultivar and per salinity condition were used. The my-
corrhizal inoculation of seedlings was performed 4 mon-
ths after their mobilization in greenhouse. Twenty gram
(20 @) of fungal inoculum of each of the five Glomus
strains tested was placed at 5 cm in depth around the
collar of the plant. Four months after inoculation, three
levels of salinity (0, 8 and 16 mg-L™* NaCl) previously
defined following the first experiment were applied.
These salt concentrations corresponded respectively for
the plants of studied cultivars to the levels without stress,
moderately stressed and highly stressed. A randomized
block with three factors: Cultivar (2) x NaCl levels (3) x
inoculation conditions (5 mycorrhizal strains + control
non-inoculated) has been set up for this second experi-
ment. For each condition of salinity, a total of 20 plants/
cultivar/condition of inoculation was used, that equals to
360 plants per cultivar. The plants were watered to field
capacity every two days and maintained under these
conditions for 2 months.

2.5. Evaluation Methods of Mycorhization

The observation of root colonization was made after
staining by the method of [13] and the percentage of co-
lonization was determined according to the “Gridline
Intersect” method of [14]. Mycorrhizal parameters were
evaluated according to the method of [15] (Figure 1).
The intensity of mycorrhizal (I) corresponded to the ob-
served proportion of root fragments colonized by AM
fungi. Each fragment was then analyzed using a ranked
intensity mycorrhizal rated from zero (0) to five (5).

2.6. Dosage of Proline

The tolerance of the cultivars NHH and Tijib to NaCl
was studied by evaluating the proline rates accumulated
by plants. The protocol described by [16] was used to

>30% > 90

0% <i% <I0% <30%

Figure 1. Rating of mycorrhizal infection (Class 0 to Class 5)
[15]. 1 (%) = (95n5 + 70n4 + 5n2 + 30n3 + nl)/total number of
fragments observed; n5 = number of recorded five fragments; n4
= number of fragments scored 4, n3 = number of recorded fra-
gments 3, n2 = number of recorded fragments 2, n1 = number of
fragments denoted 1.
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extract and determine proline. The extraction was made
from a composite mixture of 100 mg of leaf segments of
three plants per condition. The concentration of proline
was determined in a spectrophotometer by measuring the
optical density (OD) at 520 nm and three replicates per
culture condition were performed.

2.7. Statistical Analysis

For each culture condition, biochemical parameters (pro-
line content), mycorrhiza (intensity of mycorrhiza) and
shoot growth (elongation of epicotyl) and ground plants
(number of secondary roots, elongation of the taproot)
were measured. The data analysis was performed using
ANOVA/MANOVA (General Linear Model) STATIS-
TICA software, version 6. Students—Newman and Keuls’
test at 5% was used to compare means after analysis of
variance.

3. RESULTS

3.1. Effect of Addition of NaCl on Plant Growth
in Cultivars NHH and Tijib

The results show that the elongation of the aboveground
part is variable depending on the studied cultivars and
the tested NaCl concentrations (Figures 1 and 2). In the
cultivar NHH, there is a very significant medium effect
on stems growth (F = 32.40, P = 0.000). In this cultivar,
the application of NaCl at concentrations greater than or
equal to 8 g-L " in the culture medium, resulting in a sig-
nificant decrease in elongation of the epicotyl in length
going from 18.9 cm on average in controls to 16.17 cm
in presence of 8 g-L™* NaCl (Figure 2). In the cultivar
Tijib, our results also showed significant differences (F =
3.345, P = 0.009) between the control (21.86 cm) and
plants treated with NaCl 8 g-L™ in which the average
length of epicotyls of 20.21 cm (Figure 3). However,
regardless of the cultivar concerned, the NaCl concentra-
tion of 16 g-L™* has a depressive effect on the elongation
of the epicotyl. The results suggest that greenhouse
plants Tijib tolerate better the effect of NaCl than NHH.
However, it appears from these two cultivars that the
threshold of perception of salt stress was observed from
the NaCl concentration of 8 g-L * (Photo 1).

3.2. Effect of Salt Stress on the Intensity of
Mycorrhiza in Cultivars NHH and Tijib

The ANOVA show that there is a variety effect (F = 48.09,
P =0.000), as well as medium effect (F = 13.45, P = 0.000)
and the interaction variety x inoculation conditions (F =
10.65, P = 0.000) is very significant on the intensity of
mycorrhizal observed after 4 months of culture. In the
cultivar NHH, G. intraradices allows having the highest
values at 8 g-L™' NaCl (28.81%) of intensity of mycorr-
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Average length of
epicotyl incm

Concentration of NaClin g-L™

Figure 2. Effect of NaCl concentration on the growth of epi-
cotyls of seedlings in NHH after 6 weeks of culture in green-
house. Means that do not share a letter are significantly different
at 5% using Student-Newman and Keuls’ test.

E ab H ab

Average length of
epicotyl incm

Concentration of NaClin gL™!

Figure 3. Effect of NaCl concentration on the growth of epi-
cotyls of seedlings in Tijib after 6 weeks of culture in green-
house. Means that do not share a letter are significantly different
at 5% using Student-Newman and Keuls’ test.

Photo 1. Growth and development of date palm seedlings under
different salinity. OT: Control without salt, 8T: NaCl 8 g-L™,
16T: NaCl 16 g-L™. We can see the good development of the
control; salt sensitivity is evident from 8 g-L* and plants be-
come necrotic at 16 g-L* NaCl.

hization compared to all the tested inoculation conditions
(Figure 4, Photo 2). In contrast, in the cultivar Tijib, it is
rather with G. fasciculatum that the maximum values of
the intensity of mycorrhiza are observed (8.10%) in

Copyright © 2014 SciRes.
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Figure 4. Impact of five strains of Glomus on the intensity
of mycorrhizal plants in the cultivar NHH in the presence of
0, 8 and 16 g-L* after 4 months in greenhouse. Means that
do not share a letter are significantly different at 5% using
Student-Newman and Keuls’ test.

Photo 2. Colonization of plant roots by NHH
strains of fungi G. intraradices and G. verriculo-
sum in the absence of stress (A) and stress situa-
tion (B). T, (Witness) Gi (G. intraradices) Gv (G.
verriculosum). In absence of stress, we can ob-
serve in both strains the presence of spores (b).
However, when stress is applied, vesicles (a) and
hyphae (c) mycelium are developed.

stressed conditions (Figure 5, Photo 3).

3.3. Effect of Inoculation on the Growth of Stems
of Plants in Cultivars NHH and Tijib Grown
in the Absence of Salt Stress

The lengthening of the aboveground part of the inoculated
plants in the absence of salt varies among cultivars studied
and mycorrhizal strains tested (Tables 2 and 3). The
analysis of variance showed no significantly interaction
variety x mycorrhizal strains in NHH (F = 0.00, P = 0.085)
and Tijib (F =0.00, P = 0.279). However, our results show
that the strain Glomus verriculosum stimulates the de-
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Figure 5. Impact of five strains of Glomus on the intensity
of mycorrhizal plants in the cultivar Tijib in the presence of
0, 8and 16 g-L ! after 4 months in greenhouse. Means that
do not share a letter are significantly different at 5% using
Student-Newman and Keuls’ test.

Photo 3. Colonization of plant roots by Tijib strains
of fungi G. and G. mosseae fasciculatum in the ab-
sence of stress (A) and in the presence of salt (B). T,
(Witness) Gmo (G. mosseae) Gf (G. fasciculatum).
In absence of stress, we observe the development of
vesicles (¢) and hyphae (a). In contrast, in presence
of stress, only spores (b) are observed in mycorrhizal
plants with the strain G. fasciculatum.

velopment of the epicotyl in NHH, with an average of
33.5 cm against 30.3 in controls (Table 2). While in Tijib
is rather Glomus fasciculatum that promotes the growth of
the aerial parts with an average of 33.8 cm against 31.4 cm
for the control plants (Table 3).

3.4. Effect of Inoculation on the Growth of Stems
of Plants in Cultivars NHH and Tijib
Subjected to Salt Stress

The results show that G. intraradices significantly sti-
mulated (F = 32.157, P = 0.000) stem growth of plants in
the cultivar NHH when NaCl is used in the range 8 to 16
g-L ™% Indeed, compared to control plants and all of the
strains tested, G. intraradices allows obtaining the higher

Copyright © 2014 SciRes.

Table 2. Impact of inoculation on date palm plants stems
growth in the le cultivar Nakhla hamra after 4 months in
greenhouse. Means that do not share a letter are significantly
different at 5% using Student-Newman and Keuls’ test.

Duration of To Tao Teo T Tiz0

culture (days)

Mean length of stems (in cm)

Control 24.7a 25.8a 27.1a 27.9a 30.3a

Ga 24.7a 25.1a 27.5a 28.6a 30.7a
Gi 24.5a 25.8a 27.9a 29.5a 31.5a
Gv 26.1a 28.2a 29.7a 31l.7a 33.5a
Gmo 26a 27a 28.9a 29.9a 31.9a
Gf 254a  26.9a 30.2a 31.3a 32.5a

Table 3. Impact of inoculation on date palm plants stems
growth in the cultivar Tijib after 4 months in greenhouse.
Means that do not share a letter are significantly different at 5%
using Student-Newman and Keuls’ test.

Durationof  1° Tso Teo Too Tiz

culture (days)

Mean length of stems (in cm)

Témoin 24.1a 26.2a 29.8a 30.8a 3l.4a

Ga 25.5a 27a 29.8a 30.2a 32.7a
Gi 24.2a 25.7a 28a 29.4a 30.7a
Gv 24.7a 25.8a 27.2a 29.8a 31.6a
Gmo 24.7a 26.1a 28.6a 30.1a 32.1a
Gf 27a 28.7a 3l.1a 32.2a 33.8a

average growth of stems (32.16 cm) in presence of NaCl
8 g-L % In contrast, in the cultivar Tijib, it is rather the
strain G. fasciculatum that significantly stimulates (F =
17.299, P = 0.000) stem growth in presence of salt stress.
Our results show that G. fasciculatum provides the long-
est stems (average 33.26 cm) in the presence of a NaCl
concentration of 8 g-L™* compared to control plants and
all tested strains (Table 4).

3.5. Effect of Salt Stress on Root Growth of
Mycorrhizal Plants in NHH

The results presented in Figures 6 and 7 show the influ-
ence of mycorrhizal strains on the elongation of the pivot
and the production of secondary roots in NHH after 4
months of culture in presence of different tested concen-
trations of NaCl. The analysis of variance, clearly indi-
cate that there is as well variety effect (F = 15.370, P =
0.000), as medium effect (F = 21.979, P = 0.000) and a
very significant interaction variety x mycorrhizal strains
(F = 9.268, P = 0.000) effect on the elongation of the
pivot and the production of secondary roots. Inoculation
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Table 4. Impact of inoculation on date palm plants stems
growth in the cultivars NHH and Tijib after 4 months in green-
house. Means that do not share a letter are significantly differ-
ent at 5% using Student-Newman and Keuls’ test.

Strains T Ga Gi Gv Gmo Gf
Cultivar/ .

INaCI] Mean length of stems (in cm)

NHHO 29.3b 29.7b 315ab 345a 319ab 33.5a

NHH8  28.83b 29.81b 32.16a 29.69b 30.3lab 29.84b
NHH16  27.99c 28.71b 30.37a 27.26c 27.61c 28.63b
Tijib0 32.7b  324b  29.7c

31l.6bc 32.1b 35.8la

Tijib8 30.21b 29.61b 30.39b 28.7c 30.14b 33.26a

Tijibl6é  29.24a 29.27a 29.41a 27.66a 29.79a 30.59a

of plants with the strain G. intraradices stimulates root
elongation in NHH varying from an average of 73 cm in
the control to 77 cm in cultivated plants in presence of 8
g-L ! of NaCl (Figure 6). The same is true for the pro-
duction of secondary roots that vary from 42 roots per
plant averaged 50 in stressed plants (Figure 7). In con-
trast, G. verriculosum, stimulates the production of sec-
ondary roots (52 roots on average) and the elongation of
the taproot (81.5 cm on average) but inhibits root growth
in presence of salt. At 16 g-L " in the culture medium,
NaCl has a depressive effect on the growth and produc-
tion of roots whatever the strain used.

3.6. Effect of Salt Stress on Root Growth of
Mycorrhizal Plants in Tijib

The results show the influence of mycorrhizal strains on
the elongation of the taproot (Figure 8) and the produc-
tion of secondary roots (Figure 9) in Tijib after 4 months
of culture in the presence of different concentrations of
tested NaCl. The analysis of variance indicates that there
is a variety effect (F = 14.410, P = 0.000), and also a
medium effect (F = 12.817, P = 0.000) and a high sig-
nificant interaction variety x strains mycorrhizal (F =
8.629, P = 0.000) effect on the elongation of the taproot
and the production of secondary roots. In presence of
NaCl 8 g-L™", the inoculation of Tijib plants significantly
reduced root elongation that is less than the average length
of non-inoculated plants (53.27 cm). However, at the
same salt concentration, the production of secondary roots
is stimulated by inoculation with G. fasciculatum the
average number of changes including 42.5 roots/plant in
controls to 45 in inoculated plants.

3.7. Effect of NaCl on the Accumulation of
Proline in NHH and Tijib Plants

The results of the analysis of variance revealed not only a

Copyright © 2014 SciRes.

medium effect (F = 10.62, P = 0.000) but also interaction
cultivar x inoculation conditions (F = 29.873, P = 0.000)
effect very significant on proline production in the culti-
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Figure 6. Impact of five strains of Glomus on the taproot elon-
gation in the cultivar NHH in presence of 0, 8 and 16 g-L " after
4 months in greenhouse. Means that do not share a letter are
significantly different at 5% using Student-Newman and Keuls’
test.

50 g/l NaCl
ma W8/ NaCl
16 ¢/L NaCl

Number of secondary roots

Mycorrhizalstrains

Figure 7. Impact of five strains of Glomus on the production of
secondary roots in the cultivar NHH in presence of 0, 8 and 16
gL of NaCl after 4 months in greenhouse. Means that do not
share a letter are significantly different at 5% using Stu-
dent-Newman and Keuls’ test.

Elongation of the taproot
in cm

Mycorrhizalstrains

Figure 8. Impact of five strains of Glomus on the taproot elon-
gation in the cultivar Tijib in presence of 0, 8 and 16 g-L " after 4
months in greenhouse. Means that do not share a letter are sig-
nificantly different at 5% using Student-Newman and Keuls test.
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Figure 9. Impact of five strains of Glomus on the secondary
roots production in the cultivar Tijib in presence of 0, 8 and 16
g-L " after 4 months in greenhouse. Means that do not share a
letter are significantly different at 5% using Student-Newman
and Keuls’ test.

vars NHH and Tijib. The results (Figure 10) show that
upon application of salt stress, seedlings of the cultivar
NHH quickly and intensely accumulate proline. Indeed,
the contents of proline appear 1.75 times to 4 times higher,
respectively, in the presence of 8 and 16 g-L™' of salt
compared to control plants when inoculated with G. in-
traradices. In contrast, in the cultivar Tijib, accumula-
tion of proline is more intense and faster when plants are
inoculated with G. fasciculatum (Figure 11). In this cul-
tivar, the proline content increased by 700 to 1500 nmo-
les:g* fresh matter at 8 g-L™" and 1800 nmoles-g* fresh
matter in presence of 16 g-L™' NaCl.

4. DISCUSSION

The defined culture conditions allowed us to test the de-
gree of NaCl tolerance in seedlings of two cultivars of
date palms Sahelian selected for earliness in flowering
and fruiting. In our study, the intensity of mycorrhiza and
growth and proline biosynthesis in plants of date palm
appeared strongly dependent on cultivar, inoculation
conditions and levels of NaCl in the culture environment.
Indeed, the results showed that upon reaching the thre-
shold of tolerance to salt, NaCl significantly reduces the
growth of date palm seedlings in greenhouse. Our results
confirm those obtained in in vitro culture conditions by
[7] who found the same depressive effect of NaCl in both
cultivars but with a better tolerance of plants of cultivar
Tijib to salt stress compared to the cultivar NHH when
salt concentrations exceed 8 g-L ™. The results also ap-
pear similar to those reported by [17] and [18]. These
authors, in fact, found respectively as NaCl greatly re-
duces the growth of seedling epicotyl in Vigna radiata as
well as the growth and seed production in Tunisian bar-
ley accessions. The work of [8] and those of [9] showed
that arbuscular mycorrhizal (AM) fungi can grow natu-
rally in various saline environments where they can im-
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Figure 10. Effect of NaCl concentration on proline production
in plants of cultivar NHH after 4 months in greenhouse.
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Figure 11. Effect of NaCl concentration on proline production
in plants of cultivar Tijib after 4 months in greenhouse.

prove plant growth. [10] determined that the AM fungi
generally observed in saline soils belong to the genus
Glomus and order Glomerales.

Under our experimental conditions, the analysis para-
meters and mycorrhizal growth of date palm seedlings
allowed us to highlight the existence of symbiotic
couples in which the intensity of mycorrhiza and growth
of stems and roots of the plants have been optimized in
presence or not of salt stress. Indeed, in the absence of
salt stress, the average optimal values of the intensity of
mycorrhizal (47.54%) and plant growth in terms of shoot
length (34.5 cm) and roots (81.5 cm ) and number of
roots (57.5 roots/plant) are observed in cultivar NHH
when plants were inoculated with G. verriculosum. In
contrast, in Tijib, the intensity of colonization of the root
system (16%) and stem (35.8 cm) and roots (87 cm)
elongation, and the average production of roots (75
roots/plant) are enhanced in the presence of G. fascicu-
latum. In the presence of salt stress, it is rather with the
strain G. intraradices that seedlings of NHH have not
only the higher mycorrhizal intensity (28%) but also
longer stems (32.16 c¢cm) and roots (77 cm) and stronger
root production (50 roots/plant).

However, in Tijib, the values of mycorrhizal intensity
(8.10%) and stem growth (33.26 cm) and roots (51.62
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cm) and the average production of roots (45 roots/plant)
are optimized when the plants were inoculated with G.
fasciculatum. Many studies have also shown that AM
fungi increase the salt tolerance of plants. These results
are similar to our findings. This tolerance is manifested
through the implementation of various mechanisms, such
as improving the absorption of water and phosphorus
[19], the production of growth hormone [20], improved
soil mycorrhizal conditions (Lindremann, 1994), changes
in physiological and biochemical properties of the host
plant [21], 2008) and root protection against toxic ions
[22]. In addition, fungi cause greater nitrogen assimila-
tion in the host plant under salt stress [23].

However, the inoculation of cultivars NHH and Tijib
with strains of G. aggregatum, G. mosseae showed no
benefits of AM fungi on the growth of plants. [24] also
found a negative effect of inoculation with Gigaspora
albida and Scutellospora heterogama on the intensity of
mycorrhiza and growth of Passiflora edulis in unsteri-
lized soil. The absence of response [25] and inhibition of
plant growth [26] have also been observed under saline
conditions. Under these conditions, it appears that spore
germination is inhibited or delayed by increasing con-
centrations of NaCl [27]. The accumulation of proline
has been demonstrated in many species and in different
situations of water deficit stress in Sesuvium portulaca-
strum [28] and salinity in Atriplex L. halimus [29]. In our
culture conditions, the date palm mycorrhizal seedlings
and subjected to salt stress accumulate high concentra-
tions of proline. Our results showed a strong interaction
between cultivar and mycorrhizal strains on proline bio-
synthesis. They establish that upon application of salt
stress, seedlings of the cultivar NHH quickly accumulate
proline which contents appear 1.75 times to 4 times high-
er than controls when plants were inoculated with Glo-
mus intraradices and grown respectively 8 and 16 g-L™
of salt. In contrast, in the cultivar Tijib, accumulation of
proline appeared more intense and faster when plants
were inoculated with Glomus fasciculatum. G. intrara-
dices and G. fasciculatum also appeared in our experi-
mental conditions, such as AM fungi that better colonize
the root system of the cultivars NHH and Tijib inducing
growth of plants. These strains would then push the lim-
its of salt tolerance in NHH and Tijib plants in the range
of tested NaCl. With the exception of these strains, our
results showed an almost stabilizing proline contents for
other conditions inoculation. This suggests that the limits
of salt tolerance are achieved for these conditions. The
results of salt stress in relation to the accumulation of
proline in two date palm cultivars studied are in good
agreement with those presented in the millet by [30].
These authors, in fact, established a positive correlation
between the degree of plant resistance to stress and ki-
netics of accumulation of proline. This kinetic is fast and
temporary susceptible species when it appears later in-
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resistant species. Accumulation is a form of adaptation to
osmotic stress. However, in our experimental conditions,
it was not possible to establish a correlation between the
improvement of the effect of inoculation and the accu-
mulation of proline. These results confirm the observa-
tions of [12] in Acacia mangium. In order to refine this
study, it would be interesting to complement these results
by assays of glutamine synthetase activity, enzyme in-
volved in the biosynthesis of glutamic acid which acts as
precursor in the biosynthesis of proline [31].

5. CONCLUSION

Date palm cultivation is today one of the main activities
which lies on much of the economy of the Sahel. It ap-
pears severely compromised by two main constraints:
soil salinization and drought. These constraints have led
to the virtual disappearance of some cultivars contribut-
ing to the depletion of the gene pool in the Sahel. The
above results contribute to a better understanding of phy-
siological adaptation mechanisms implemented in the
date in under salt stress. The impact of arbuscular my-
corrhizal fungi has significantly improved the growth of
date palm seedlings under conditions of salt stress. The
strategy adopted in this study could be extended to ge-
notypes of interest to provide, ultimately, a better coun-
seling of farmers on the choice of cultivars to be used for
the installation of palm trees in areas where salt or water
is a limiting factor.
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