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ABSTRACT: Excessive sand quarrying and extraction generally caused vegetation cover
disappearance and erosion processes amplification. To fight against this phenomenon, the
rehabilitation of career seems necessary. A revegetation trial in Terga sand pit (Ain Témouchent;
Algeria) was conducted in 2010 by the introduction of Acacia saligna inoculated with selected Bacteria
Nodulating Legumes (BNL) and endomycorrhizal fungi. However, after two years, significant
heterogeneity between introduced Acacias biomass was observed on the replanted site. The objective
of our work was to study wether biotic or abiotic factors were responsible for this heterogeneity.
Seedlings of A. saligna, inoculated with legumes and grasses roots taken from the studied site, were
planted on barren soil and non-sterile soil taken from three zones where heterogeneity in biomass was
observed. Soil analyses of the three selected zones were quite close. After four months of cultivation
in greenhouse, the effects of different inoculants on plant growth were evaluated by measuring plant
height, aerial biomass and the frequency and intensity of mycorrhizal infection. The frequency and the
average intensity of endomycorrhizal colonization of plant roots grown on sterile soil were higher than
non sterile one. These results indicated that this heterogeneity is due to the adaptation and
competitiveness of introduced inoculum and not to abiotic factors represented by soil physic-chemical
parameters.
Key words: Exploitation, Acacia saligna, revégétation, endomycorhizal fungi, biotic factor, abiotic
factor.
INTRODUCTION
Natural ecosystems are under great stress when subjected to overgrazing, accidental fires, and
industrial activities such as the opening of quarries, mines or new communication roads (Brunel et al., 2007).
This anthropization could lead to soil weakening and increasing of erosion impact in the surface layer (Pieri,
1991) resulting in vegetation degradation. In addition to soil physical and chemical characteristics, telluric
microorganisms, including bacteria and fungi which are essential for plant life, are also affected (Requina et al.,
2001). Mycorrhizal fungi are part of microbial components sensitive to such damage (Duponnois et al., 2001).
The use of exotic trees has been recommended as a sustainable management option for improving the
productivity and biodiversity of disturbed ecosystems (Cossalter, 1987) by rehabilitating the physical, chemical
and biological properties of degraded soils (Duponnois et al., 2005a). Exotic, fast growing species have
generally been successfully used for revegetation (Dumancic and Houérou, 1980; Gasques and Garcia-Fayos,
2004; Jeddi et al., 2009; Tiedeman and Johnson, 1992).
Acacia saligna (Labill.) Wendl. (A. cyanophylla Lindley) is originated from South Western Australia and
was introduced in Algeria since 1870. It is considered as one of the most used exotic plants for land
rehabilitation (El-Lakany, 1987; Tiedeman and Johnson, 2004). This species is a fast growing plant that thrives
in areas with low rainfall (250 mm) and in saline and alkaline soils (Vercoe, 1987; Fox, 1995; Thomson, 1987;
Amrani et al., 2010). Despite its resistance to limestone and sea spray, this plant is still facing environmental
constraints such as low levels of phosphorus and nitrogen in the soil (Brockwell et al., 2005). Mycorrhizal
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symbiosis is a relationship involving the exchange of metabolic resources between plants and fungi. The
symbiosis is one of the most common and extensively studied biological associations between plants and
microorganisms. In this relationship, the fungi improve water and mineral nutrition for the plant, and in return,
the fungi receive photosynthesis products (Marx, 1969; Smith and Read, 1997). Studies have shown that 80%
of terrestrial plant species, 90٪ of vascular plant species and more than 95٪ of all plant families are
mycorrhized (Harley, 1989; Allen, 1991; Smith and Read, 1997). In addition, rhizobia, aerobic soil bacteria,
have the ability to form root nodules in symbiosis with plants of the family Fabaceae. The host plant provides
the BNL (Bacteria Nodulating Legumes) with carbon substrates produced by photosynthesis, in return, the
bacteria will fix and reduce atmospheric nitrogen into ammonium, for a direct assimilation by the host plants.
These fungal and bacterial symbionts are among the key elements for sustainable agroforestery, which is able
to
improve
plant
growth
even
when
they
grow
in
adverse
soil
conditions;
AMF (Arbuscular Mycorrhizal Fungi) and rhizobia allow better growth of host plants through improved mineral
nutrition, especially for phosphate (AMF) and nitrogen (BNL).
A. saligna is a leguminous tree which has the advantage of establishing symbiosis with AMF and BNL.
A rehabilitation trial was conducted to revegetate the Terga quarry in the region of Ain Témouchent (Western
coast) in Algeria by the introduction of A. saligna seedlings inoculated with rhizobia and selected mycorrhizal
fungi. After two years, however, significant heterogeneity in introduced Acacias’ biomass was observed on site
in some plots. It is in this context that we focused on the trial rehabilitation, with the aim to study the biotic or
abiotic factors responsible for this heterogeneity observed in situ.
MATERIALS AND METHODS
Site of study and sampling protocol
The revegetated site of Terga sandpit presented heterogeneity in established trees’ growth. We
selected three zones of sampling on the basis of A. saligna density. The first zone (zone 1) was characterized
by strong growth of Acacias associated with spontaneous accompanying legumes (Ononis natrix and lotus
creticus). The second zone (zone 2) was characterized by weak growth of trees and total absence of other
vegetation. The third zone (zone 3) was characterized by weak growth of Acacias associated with herbaceous
species and grasses.
Soil sampling was performed for each zone, according to the grid method described by (Pauwels et al.,
1992). For each zone, thirty five soil sub-samples (about 700 g) were collected around each plant (it exists an
interval of 3 m between trees) at 20 cm depth; representative soil homogenates of each zone were prepared by
mixing the various individual sub-samples.
Seeds’ disinfection and scarification
Seeds of A. saligna were collected the year preceding soil sampling from revegetated sandpit from the
collection of laboratory of Rhizobia Biotechnology and Plant Amelioration (LBRAP). Acacia saligna seeds were
scarified with sulfuric acid (95٪) for 90 minutes and then rinsed thoroughly with sterile distilled water. The seeds
were then germinated in Petri dishes containing 0.8٪ water agar. The prepared dishes were placed in the dark
at 28˚C for four days.
Fungal material
The accompanying legumes’ roots of Lotus creticus and Ononis natrix (R1) present at zone 1, as well
as grasses and herbaceous’ roots in zone 3 (R3) were picked randomly for mycorhizal inoculation.
Plant culture substrate and experimental inoculation
Culture substrate was a soil homogenate representative of each zone. Physico-chemical properties of
the three zones’ soils were characterized: nitrogen, assimilable phosphorus, organic matter and ph were
assessed. Assays were conducted on sterilized soil of the three zones by autoclaving at 120˚C for one hour at
24 hours intervals, 3 times and on natural soil from zone 2.
Well germinated A. saligna seedlings were transferred aseptically into PVC tubes filled with 700 g of
soil, taken from bulk soil for each zone. Three treatments were carried out for autoclaved soils of zone1, zone 2
and zone 3, and natural soil of zone 2: inoculation with spontaneous legumes mixed roots (R1: Lotus creticus
and Ononis natrix), inoculation with roots of herbaceous species and grasses (R3) and a non-inoculated
treatment was included as control. Eight replicates were conducted for each treatment. A total of 96 plants were
followed up for four months.
Inoculation took place at seedlings transfer time. It consisted in pushing in the middle of each pot
containing the growth substrate, 1 g of root inoculum at 2-3 cm depth.
The experimental design was randomized at glasshouse. The plants were watered with nutrient
solution (Dilworth and Broughton, 1971) devoid of nitrogen, alternating with sterile distilled water.
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Estimation of endomycorrhizal infection rates
The demonstration of endomycorrhizal infection was achieved by staining the roots of the selected plants
according to the method of (Phillips and Hayman, 1970). Thirty root fragments, taken from the root system of
four
plants
per
treatment
were
examined.
The roots were first washed thoroughly with tap water and then placed in a solution of potassium hydroxide
(KOH) 10٪ for 45 minutes at 90°C in water bath. The roots were then rinsed with tap water and cleared in a
solution of lactic acid for 20 minutes at room temperature.
Thereafter they were stained in a solution of trypan blue 0.1٪ for 20 minutes. The treated roots were cut into
fragments of about 1 cm length. Thirty randomly chosen fragments are mounted between slide and coverslip,
with 10 fragments per slide. The fragments were observed by light microscopy (40×). To assess the degree of
endomycorrhizal infection of roots, we used the method described by (Trouvelot et al., 1986). The degree of
endomycorrhizal colonization of each fragment was estimated using a scale of six classes rated from zero (0)
to five (5) set by (Trouvelot et al., 1986) using the following formulas:
Frequency of mycorrhization (F٪)
F٪ =100 × (N0 − n0) /N
With, N: number of observed fragments and n0: number of non-mycorrhizal fragments. Intensity of
mycorrhization (M٪)
M٪ = (95 n5 +70 n4 + 30 n3 + 5 n2 + n1) / N
With, n = number of fragments assigned with the index 0, 1, 2, 3, 4 or 5.
0: no, 1: trace, 2: less than 10٪, 3: 11 to 50٪, 4: 51 to 90٪, 5: more than 91٪.
The measured parameters
After 4 months of culture, plant height was measured and the shoot biomass was evaluated after plant
drying in oven at 60˚C for 3 days. Mycorrhizal parameters were also measured on samples of fine colored roots
as mentioned. The frequency and intensity of mycorrhiza were recorded. Root nodules were observed and
recorded.
Statistical analysis
All collected data for the various parameters were subjected to an analysis of variance (ANOVA) with
XLSTAT−Pro 7.5 software and the statistical variable means were compared by using Newman Keuls test at (
P = 5٪).
RESULTS
Soil characterization
Soil physico-chemical analysis of the three studied zones in Terga sand pit (Table 1) shown that all
were alkaline and showed low available phosphorus and organic matter levels. The soil of zone 2 was poorer in
nitrogen than soils of zones 1 and 3.
Plant height
After 4 months of growth in greenhouse, plant height varied depending on soil and inocula type (Figure
1). Plants growth on sterilized soil of Zone 1 and 2 showed a relatively better vegetal development compared to
those grown on barren soil of Zone 3. Generally, four replicates on eight of inoculated plants with (R1)
presented root nodules in the three sterilized soils and native Zone 2 soil. Otherwise; nodulated plants shown a
better growth compared with non nodulated ones.
For plants grown on sterile Zone 1 soil, height of plants inoculated with legume roots of Zone 1 (R1)
was significantly greater than that of non-inoculated controls. No significant difference was observed between
the plants inoculated with the roots of herbs (R3) and uninoculated plants. Similarly no significant difference
was noted between the plants inoculated with the roots of legumes (R1) and plants inoculated by the roots of
herbs (R3).
For the sterile soil of Zone 2, significant differences between inoculated and non-inoculated plants were
observed as well as between inoculated plants with legume roots (R1) and those inoculated with herbs’ roots
(R3). The highest values were obtained with inoculum (R1).
Statistical analysis showed no significant difference between inoculated plants and control for nonsterile soil in zone 2.
Concerning Zone 3 sterile soil, there were no significant differences between inoculated plants with
legume roots (R1) and controls. In this case, (R3) inoculation had afforded the highest values.
Biomass
Shoot dry matter of plants of different treatments, showed variability between different treatments
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(Figure 2). Statistical analysis showed highly significant differences between plants depending on soil type and
inoculum used. Indeed, the aboveground biomass of all the inoculated plants was significantly higher than
control plants, except for the treatment of plants grown on non-sterile soil in zone 2.
Endomycorrhizal infection parameters of Acacia saligna plants
Statistical analysis showed a significant difference between both treatments (R1 and R3) and controls
(table 2).
For Zone 1 soil, the frequency of mycorrhization for inoculated plants with (R1) and (R3) were 96% and
92% respectively, which were not significantly different, the same observations were obtained for mycorhizal
intensity.
In Zone 3 soil, better frequency and intensity of root mycorhization were obtained with (R3) (78٪ and
45.12٪ respectively) than (R1) treatment (51٪ and 24.14٪ respectively).
The highest values of mycorrhizal frequency and intensity were reported in plants grown on Zone 2
sterilized soil with a frequency and intensity of 98٪ and 63.10٪ respectively.
On another hand, inoculated plants grown on Zone 2 non-sterilezed soil presented the lowest values of
mycorrhizal frequency and intensity. Even for control plants which grown in this natural soil, they presented
endomycorrhizal structures but at a weak rate (30٪ of frequency and 1٪ of intensity).
The mycorrhizal intensity appeared correlated with frequency in all treatments.
Table 1. Physicochemical characteristics of the three soils
Soil

pH

Total nitrogen (٪)

Zone 1
Zone 2
Zone 3

8
8.2
8.2

0.7
0.4
0.9

Assimilable
phosphorus
(ppm)
23
20
19

Organic
(٪)

matter

1.9
2.3
2.6

Table 2. Frequency and intensity of mycorhization of Acacia saligna plants inoculated and non-inoculated with mycorrizhal
inocula after four months of growing
Zones
Zone 1(sterilized soil)
Zone 2 (sterilized soil)

Zone 3 (sterilized soil)

Zone 2 (natural soil)

inoculum
R1
R3
T
R1
R3
T
R1
R3
T
R1
R3
T

Mycorrhizal frequency ٪
94,250 a
92,000 a
0,000 b
98,250 a
94,750 a
0,000 b
77,750 a
51,000 b
0,000 c
66,663 a
63,330 a
30,413 b

Mycorrhizal intensity ٪
57,203 a
46,943 a
0,000 b
63,105 a
61,875 a
0,000 b
45,123 a
24,140 b
0,000 c
21,465 a
25,728 a
1,080 b

T: uninoculated, R1: inoculated by legumes’ roots, R3: inoculated by the herbaceous roots).The values that share a
common letter are not significantly different according to the Newman-Keuls test at level 5٪.

Zone 1(sterilized soil)
16

a

14

ab

Height (cm)

12

b

10
8
6
4
2
0

R1

R3

T
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Zone2 ( natural soil)
12.0

a

Height (cm)

10.0

a

a

8.0
6.0
4.0
2.0
0.0

R1

R3

T

Zone 2 (sterilized soil)
14

a
a

Height (cm)

12

a

10
8
6
4
2
0

R1

R3

T

Zone 3 (sterilized soil)
9
8

a

Height (cm)

7
6

b

5

b

4
3
2
1
0

R3

R1

T

Figure1. High of Acacia saligna plants inoculated and non-inoculated with mycorrizhal inocula after four months of growing
(T: uninoculated, R1: inoculated by legumes’ roots, R3: inoculated by the herbaceous roots). The values that share a
common letter are not significantly different according to the Newman-Keuls test at level 5٪.
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Zone 1 (sterilized soil)
1.6
1.4

a

a

weight (g)

1.2
1.0

b

0.8

0.6
0.4
0.2
0.0

R1

R3

T

Zone 2 (sterilized soil)
1.4

a

a

1.2

weight (g)

1.0

b

0.8
0.6

0.4
0.2
0.0

R1

R3

T

Zone 3 (sterilized soil)
1.0
0.9

a

0.8

weight (g)

0.7

0.6

b

0.5
0.4

b

0.3
0.2
0.1
0.0

R3

R1

T
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0.6

a

Zone 2 (natural soil)
a

weight (g)

0.5
0.4
0.3

a

0.2
0.1
0.0
-0.1

R1

R3

T

Figure 2. Aerial Biomass of Acacia saligna plants inoculated and non-inoculated with mycorrizhal inocula after four months
of growing (T: uninoculated, R1: inoculated by legumes’ roots, R3: inoculated by the herbaceous roots). The values that
share a common letter are not significantly different according to the Newman-Keuls test at level 5٪.

DISCUSSION
This work evaluated and compared the response of A. saligna to mycorrhizal inoculation, grown on
sterilized soil of three zones (Zone 1, 2 and 3) and non-sterilized soil of zone 2. These revegetated zones had
shown heterogeneity in growth in the rehabilitated Terga sandpit.
The obtained results clearly shown that soil and mycorrhizal inoculation had an effect on the weight and
height of A. saligna plants in greenhouse. Even soil physico-chemical characters were quite close for the three
studied soils; this parameter shown a significant effect on plant growth. We could assume that the observed
differences in the measured growth parameters are mainly due to the effect of inoculation. Mycorrhizal fungi
can promote plant growth by improving their mineral nutrition of phosphate in particular (Bolan, 1991;
Plenchette and Fardeau, 1988; Sanders and Tinker, 1971; Duponnois et al., 2001) and water uptake (George
et al., 1992; Sieverding, 1991), But if the nutrient is available, the plant will have no recourse to form this
symbiosis (Ojala et al., 1983), this was confirmed by several authors ( Dommergues and Mangenot 1970;
Gianinazzi Pearson and Gianinazzi, 1986; Plenchette, 1982; Strull, 1991) who argue that this symbiosis will be
established and will grow gradually with the depletion of nutrients readily available to plant roots in the soil. In
our case, the three studied soils shown low assimilable phosphorus content which permitted the symbiosis
establishment.
Results on biomass showed that inoculation significantly improved dry matter production. These results
are consistent with those obtained in the case of Acacia holosericea inoculated with Glomus intraradices
(Duponois et al., 2005b) and Acacia Senegal inoculated with mixed spores of arbuscular mycorrhizal fungi
(AMF) from different genera of Glomus, Gigaspora and Acaulospora (Ndiaye et al., 2011). It has been shown
that controlled mycorrhizal symbiosis can significantly improve the growth of Australian Acacias in degraded
soils (Cornet and Diem, 1982; Duponnois and Plenchette, 2003; Duponnois et al., 2007).
The results of the greenhouse experiment showed a significant reduction in growth when the plants
were grown in non-sterile soil. In addition, this growth decline was accompanied by significant reductions in root
colonization by AM fungi. The adaptive capacity of inoculum to soil environment, its extraradical development
and its competitiveness with indigenous microflora were important parameters (Caravaca et al., 2003).
Microbial interactions and native AM fungi may decrease the promoting effect of the introduced AM fungal
isolate on the plant growth (Duponnois et al., 2005a). Indeed, competition between endomycorrhizal strains
could negatively affect the nutritional relationship with the plant species (van der Heijden, 2006). Ba et al (1996)
reported that the inoculation is beneficial only if the used strains were more competitive than the existing strains
in soil. (Coperman et al., 1996) stated that mycorrhizal fungi behavior and their effectiveness would be related
to their background and precisely to environmental factors of their habitats. This suggests adaptation of this
inoculum to natural environment conditions (abiotic and biotic conditions defined by the ground).
CONCLUSION
Although the level of heterogeneity of Acacia plants’ development is well expressed, the
physicochemical analyzes of 3 zones soil exhibited almost similar characters; this allows us to deduce that the
main factor responsible for this discrepancies in the outcome of rehabilitation is not related to soil characteristic
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(abiotic factors). Inoculation induced better plant growth in autoclaved soils than in non-sterilized soils. Also
inoculation with legumes’ roots (R1) induced a better growth than inoculation with grasses and herbaceous’
roots (R3). This can be explained by the compatibility between the inoculum issued from legumes and A.
saligna species. It appears that the controlled mycorhization of A. saligna on sterilized soil was a beneficial tool
in improving the survival and productivity of Acacia species; however inoculum behaviour in natural soil
depended drastically on its competitiveness with native microflora. This is why inoculation on natural soil is an
important step before conducting trials on the field and consequently for its use in degraded sites rehabilitation.
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