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ABSTRACT: The influence of arbuscular mycorrhizal fungi (AMF) and rock phosphate (RP) was studied on Acacia gummifera, an
endemic and Moroccan spontaneous species that is experiencing a regression. They are also a source of firewood, charcoal
and precious air fodder in the dry season. The response of Acacia gummifera to a mixture of two species of arbuscular
mycorrhizal fungi (Glomus intrardices and Glomus mossae) and two levels of rock phosphate (9 and 37 % of P equivalent of
0,25 and 0,5g P/kg of soil) was evaluated under greenhouse conditions.

The arbuscular mycorrhizal root colonization varied from 10 % to 25 % when rock phosphate applications increased. Acacia
seedlings grew poorly without arbuscular mycorrhizal fungi and without rock phosphate applications. However, AMF plants
with RP applications achieved better results in terms of P and N concentration in shoot and root. In contrast, there were not
additive effects of inoculation and phosphate application on total biomass. However, inoculation of acacias took up more P
and N at 0.25 g P kg-1 of soil and above. These results suggest that AMF are able to absorb P from soil and rock phosphate for
a better mineral nutrition of Acacia gummifera.
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1 INTRODUCTION

Acacia is an economically and ecologically important species. They are indeed anti-erosion agents because they help to fix
the soils with their dense and deep root system. Moreover, by their symbiotic associations, they promote the improvement of
these soils in nitrogen [1]. In traditional medicine, acacias are widely used as antitussive and antirheumatic or against eye
diseases, diarrhea, jaundice, lung diseases [2]. Furthermore, Acacia gummifera is the only endemic and spontaneous Moroccan
species, which is experiencing a regression [3]. In the past, A.gummifera occupied all the plain Haouz, Rehamna, Tadla, Chaouia
until the plain Doukkala. Gradually following the extension and intensification of crops and human activities, this species is
currently only seen in the peripheral regions of Haouz to the Tadla hinge to the east and in the area of argan [3]. Today it is
found among the genetic resources that are threatened with extinction in the long term [4].

West African soils are structurally poor in phosphorus [5]. This low availability of phosphorus limits considerably the plant
growth and its productivity in many ecosystems. Poor availability of P is due to the presence of Ca in neutral to alkaline pH and
Fe and Al in acidic soil, which leads to the fixation of P and thus unavailable to the plant [6]. Arbuscular mycorrhizal fungi (AM)
are known to play an important role in phosphorous (P) supply to plants in a sustainable manner in P deficient soils. It is well
known that natural mycorrhizal associations are more common in soils poor in minerals. Their role in the mineral nutrition of
the host plant is essential especially when the elements involved are not very mobile in the soil such as phosphorus [7]. AM-
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fungi increase mineralization of organic phosphate and increase phosphate availability. They may also solubilize some
unavailable form of mineral phosphate like natural phosphate to available form increasing its availability in favour of plants.
However, when phosphorus increases in the soil and becomes directly available to the plant, the intensity of root colonization
by AM is reduced [8].

The aim of this study is to investigate the simultaneous effects of phosphorus fertilization and arbuscular mycorrhizal fungi
on growth and nutrition of P and N Acacia gummifera seedlings

2 MATERIALS AND METHODS
2.1  PLANT MATERIAL

The seeds of Acacia gummifera, from the commune of Mechrda ben Abbou in the region of Settat-Marrakech, were
provided by the regional station of forest seed of Marrakech. Seeds are dried and scarified through treatment with
concentrated sulfuric acid for one hour, followed by several washes with sterile distilled water. Pre-germinated seeds were
cultured in sterile peat. Watering was done daily during two months for multiplication of plants.

2.2 AMF INOCcuLUM

A mixture Glomus intrardices and Glomus mossae was used in our experiment. The both species mycorrhizal inocula were
prepared through the trap culture using maize ( Zea mays L) as host plant The uninoculated plants were supplied with filtered
washing to provide the associated microorganisms other than mycorrhizal propagules. The control plants were kept without
AMF for preserving the naturally-occurring microbial association and used for control treatments. The trap culture was
conducted in the greenhouse of the Moulay Ismail University located, under natural daylight of 14 hours, a daily average
temperature of 26-22°C and relative humidity of 60-70%.

After 12 weeks of culture, the potential of inoculants produced was measured by evaluation of spore density and root
colonization based on Gerdemann and Nicolson [9].

23 FERTILIZATION WITH ROCK PHOSPHATE AND INOCULATION OF ACACIAS

Acacia plants were transplanted to pots containing 1 Kg of sterile soil, previously autoclaved at to remove the native
microflora. It was the composition: 18% coarse silt, 28% coarse sand and 12%, fine sand, 2,95%. N, 0,017% P, 0,003% K, 0,027%
Ca, 0,00052% Na, pH (H20) 7,86. Rock phosphate is provided by the OCP Khouribga, which has the composition in the following
table was added to two different concentrations (0.25 and 0,5 g P.kg-1 of soil).

Table 1. Composition of the rock phosphate

02 F Na Mg Al P S Sn Ca
% 56 2,42 1,81 1,94 2,03 9,73 0,77 0,12 16,35

In mycorrhizal treatments, 2 g of AM inoculants (mixture of colonized root and sand containing spore and mycelium) were
added to pots at the time of transplanting. In non mycrrhizal treatments, the inoculants was a mixture of non-colonized root
and sand. Pots were irrigated every two days and maintained for three months in greenhouse conditions

2.4  MYCORRHIZAL COLONIZATION

Root samples were prepared for analysis by boiling in 10% KOH and staining with trypan blue according to technique of
Phillips & Hayman [10]. Root fragments were mounted on glass slides and examined under a light microscope. Photographs of
mycorrhizal structures were taken by a digital camera. Mycorhizal colonization was estimated according to the method
described by Trouvelot et al [11].

25 EVALUATION OF BIOMASS

After three months of growth, the shoots and roots of acacia plants were collected, washed in distilled water, and allowed
to dry in forced air circulation oven at 60°C, in order to obtain shoots dry matter (SDM) and roots dry matter (RDM)
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2.6 DETERMINATION OF NITROGEN AND P CONCENTRATION

Dried shoot and root samples were ground to pass a 0.5-mm screen, mixed thoroughly. The ground material was mixed
thoroughly, and samples of 1.0 g were ashed for five hours at 550°C in a muffle furnace, and then the ash was dissolved in 2N
HCI for determination of the concentration of P. Phosphorus was determined according to the yellow phosphorus vanado-
molybdate complex method by using spectrophotometer [12]. Nitrogen concentration in shoots was determined by using the
micro-Kjeldhl method. Mineral contents were calculated by multiplying of mineral concentration by corresponding dry weight
of shoots.

2.7  EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS

The experimental design consisted of completely randomized blocks with 4 replicate. Data were statistically analyzed using
analysis of variance procedures, and differences among treatments were compared using probabilities of significance and least
significant difference (LSD) values (P<0.05).
3 RESULTS AND DISCUSSION

3.1 PERCENTAGE OF INFECTION

All inoculated and randomly sampled plants revealed the presence of at least one apex mycorrhizal. No mycorrhiza
contaminant was observed on the roots of control plants (Figure 1).

Plants uninocultaed with AMF

Plants inoculated with AMF and Plants inoculated with AMF and rock
Rock phosphate (0,250 g.Kg-1) phosphate (0, 5 g.Kg-1)

Fig. 1. Microscopic observation magnification (250 x) of the mycorrhizal colonization of Acacia gummifera
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Counts of mycorrhizal apex showed a significant improvement in the degree of mycorrhizal roots consecutively to a
moderate intake of phosphorus (0.25 g P. kg-1 of soil) relative to unfertilized plants P (Figure 2).
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Fig. 2.  Effect of P fertilization on the degree of mycorrhizal roots of Acacia gummifera

In semi-arid conditions, it is well known that AM fungal inoculum potential is very low and it was already shown that AM
inoculation of the plant is very effective in establishing plants on disturbed soils [13, 14]. However A high P concentration (0.5
g P. kg-1 of soil) did not affect significantly the percentage of mycorrhizal apex compared to the unsupplemented medium P.

3.2  BIOMASS OF THE SHOOT AND ROOT OF ACACIA GUMMIFERA
The AM have different strategies to colonize the roots that help in reducing the need for fertilizer plants [15] and improve
both the increasing biomass of roots and aerial parts of the plants [16, 17]. This is consistent with our results that indicate that

the biomass of mycorrhizal plants is significantly higher than those non mycorrhizal. Furthermore, total biomass of a non-
inoculated acacia increase with the dose of PN compared to inoculated acacias (Table 2).

Table 2. Effect of phosphate fertilization on dry matter production of shoot and root of Acacia gummifera

Shoot dry weight Root dry weight
(g.plant™) (g.plant™)
P (g. kg-1 of soil) Inoculated Non inoculated Inoculated Non inoculated
0 2,30+0,57 2,50+0,5® 2,00+0,1 1,93+0,11")
0,25 5+0,280 4,66+0,57 3,33+0,571) 2,16+0,28"
0,5 5,30+0,57( 5,80+0,251 3,50+0,57" 3,56+0,4?

Biomasses followed by the same letter in the same row or column (letters in brackets) are not significantly different (Duncan's test, p<0.05).

This suggests that the mycorrhizal compensates the growth deficit induced by the absence of phosphorus. Our results are
also consistent with those of Ekblad et al [18], which showed that a low intake of P stimulate the production of biomass plants
of Pinus sylvestris inoculated without changing the biomass of the aerial parts to the roots. The lack of effect of P fertilization
on the biomass of plants inoculated was also observed by other authors. [19].

33 CONTENT OF NITROGEN AND TOTAL PHOSPHORUS IN ACACIA GUMMIFERA

The percentage of mycorrhizal infection is not affected by the higher doses of P. Although RP and AM inoculation produced
a higher growth and nutrient uptake that the non AM inoculation [20]. As expected the nitrogen fertilization was the same for
all plants. Inoculation of Acacia by endomychorize arbuscular improves significantly (p <0.05) total nitrogen contents in their
roots in the presence of a phosphorus external intake (table 3).
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From the high dose of phosphorus (0, 25 g P.kg-1 of soil), there was a significant increase (p <0.05) in total nitrogen contents
in the shoot and root of plants following inoculation. The effect of nitrogen nutrition on mycorrhization of plants inoculated,
in the presence or absence of external P was demonstrated in maritime pine but the direction (positive or negative) and the
intensity of this effect will vary depending on the fungal species inoculated and the contribution or not of P [21].

Furthermore, glomus promotes accumulation of nitrogen in plant roots when P fertilization is high (Table 3). This
accumulation of nitrogen in the root can result from translocation to either the underground parts or an absence of
translocation to the above ground parts or a remobilization of N from the aerial parts to the roots [22, 21].

Table 3. Effect of phosphate fertilizer on the nitrogen in A. gummifera

Nitrogen in the shoot Nitrogen in the root
(%) (%)
P (g. kg-1 of soil) | Inoculated Non inoculated Inoculated Non inoculated
0 1,22+0,1@ 1,1+0,1@ 1,12+ 0,03 1,310,031
0,25 1,68+0,01) 1,12+0,041 1,57+0,02) 1,370,031
0,5 1,72+0,02 1,560,051 2,02+0,06' 1,44+0,041

The nitrogen percent in shoot and root followed by the same letter in the same row or column (letters in brackets) are not significantly different
(Duncan’s test, p=0,05).

On the other hand, the concentration of P in shoots and roots of the mycorrhizal and the non mycorrhizal plants increased

significantly with the addition of phosphate to the soil (table 4).

Table 4. Effect of phosphate fertilizer on the total phosphorus content in A. gummifera

Phosphorus in the shoot Phosphorus in the root
(%) (%)
P (g. kg-1 of soil) | Inoculated Non inoculated Inoculated Non inoculated
0 0,3+0,03 0,25+0,025 0,35+0,11 0,2+0,03
0,25 0,57+0,11 0,35+0,06 0,57+0,1 0,36+0,06
0,5 0,4+0,05 0,37+0,14 1,060,028 0,61+0,03

However, the mycorrhizal plants had higher contents of P in both roots and shoots than those in the non mycorrhizal
plants. These results are in agreement with those found by Abdel Fattah et al, 2014 and Zhang et al, 2015 [23, 24]. AM fungi
associated with the addition of the rock phosphate give a significant increase in the concentration of phosphorus compared to
the control but the application of high concentration of P, reduced the mycorrhizal growth. This result support the previous
finding which indicated that are in accordance with [25, 23], which show that highest phosphorus uptake occurs in mycorrhizal
plants with added low P than non—mycorrhizal as well as plants without added P. Mycorrhizal inoculation consistently
accumulated more quantities of phosphorus in their root than shoot.

4 CONCLUSION

This study showed that AM inoculation associated with the rock phosphate influence significantly on the uptake of growth
and nutrients by A. gummifera. Indeed, the experiment showed a significant improvement in growth of the mycorrhizal plants.
The variation of the concentration of P indicated that there is no change of the biomass of the mycorrhizal plants acacias.
However, mycorrhizal acacias absorb more effectively the phosphorus and nitrogen as non-mycorrhizal, so it is possible to
speculate that the use of AM on the presence of the RP could improve the feeding value and production of Acacia gummifera
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