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Description of the subject. Arbuscular mycorrhizal (AM) fungi are known to promote plant growth by enhancing mineral
uptake in nutrient deficient soils. These beneficial effects on plant growth may vary considerably between cultivars of a given
species and between plant species originating from different locations.

Objectives. The present experiment evaluated the response of three Sahelian fruit trees: néré (Parkia biglobosa [Jacq.]
G.Don), tamarind (Tamarindus indica L.), and jujube (Ziziphus mauritiana Lam.), originating from five different geographic
provenances, to mycorrhizal colonization, evaluate their respective mycorrhizal dependency (MD) and analyze their leaf and
stem mineral composition.

Method. Trees were cultivated in a nursery on pre-sterilized soil substrate low in available P (2.18 pg-g') with or without
inoculum of Glomus aggregatum (Schenck & Smith emend. Koske). The experiment was arranged in a factorial design
for each fruit tree species separately: 5 provenances X 2 AM treatments (inoculated and non-inoculated [control]) with 10
replicates per treatment. Plants were harvested six months after inoculation and different parameters were measured.
Results. Overall, the results showed significant provenance variations in the plant response to mycorrhizal inoculation. Néré
mycorrhizal plants, from two seed sources, tamarind and jujube plants from one seed source had significant higher dry weight
and shoot height than those from other provenances. Jujube plants from 3 out of the 5 provenances showed significant higher
MD. It then appears that seed provenance happened to be determinant even though AM-root colonization levels (80-90%) do
not vary much from one provenance to another. In all cases, the fruit trees benefited from AM fungi with increased N, P and K
mineral uptake in aerial parts. In particular P uptake was proportional to MD concentration in AM-jujube plants.
Conclusions. These results demonstrate the importance of considering seed provenance when performing pre-selection of
mycotrophic plant candidates prior to large-scale fruit tree propagation in orchards and agroforestry systems.

Keywords. Glomus aggregatum, mycorrhization, fruit trees, provenance, environment, greenhouse crops, Sahel.

Effets des mycorhizes a arbuscules sur la croissance et la nutrition minérale d’arbres fruitiers de provenances
géographiques diverses cultivés en serre

Description du sujet. Les champignons mycorhiziens a arbuscules (CMA) améliorent la croissance et la nutrition minérale
des plantes, notamment sur sols pauvres en minéraux. Ces effets bénéfiques pourraient varier considérablement entre cultivars
d’une espece de plante donnée et entre especes de plantes provenant de différentes localités.

Objectifs. La présente expérience se propose d’évaluer la dépendance mycorhizienne (DM), la colonisation racinaire et la
composition minérale des parties aériennes de cinq provenances géographiques de trois arbres fruitiers sahéliens, le néré
(Parkia biglobosa [Jacq.] G.Don), le tamarinier (Tamarindus indica L.) et le jujubier (Ziziphus mauritiana Lam.).

Méthode. Les plants ont été cultivés sur un sol déficient en P assimilable (2,18 pg-g'), inoculés ou non avec un isolat de
Glomus aggregatum (Schenck & Smith emend. Koske) en pépiniere. Le dispositif expérimental est de type factoriel pour
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chaque espece fruitiere prise séparément : 5 provenances X 2 MA (Mycorhizes arbusculaires, inoculé et non-inoculé [témoin])
avec 10 répétitions par traitement. Les plants ont été récoltés six mois apres inoculation et les différents parametres mesurés.
Résultats. En général, les résultats montrent que la mycorhization entraine des variations significatives dans la réponse des
plantes selon leur provenance pour chaque arbre fruitier. Une augmentation significative de la hauteur et de la masse seche
totale du néré de deux provenances et de celle du tamarinier et du jujubier d’une provenance a été enregistrée. Des DM
significativement plus €levées ont été obtenues avec le jujubier pour 3 provenances sur 5. La DM varie également en fonction
de la provenance des semences, bien que le taux de mycorhization (80-90 %) demeure toujours élevé. Globalement, les plantes
bénéficient des CMA par une augmentation significative en N, P, et K, et les taux d’absorption des minéraux, en particulier le
P, étant proportionnel a la DM particulierement chez les jujubiers mycorhizés.

Conclusions. Ces résultats indiquent I’importance de considérer la provenance des semences dans la présélection de plantes a

croissance rapide et a DM élevée pour la production fruitiére en vergers ou dans des systémes agroforestiers.
Mots-clés. Glomus aggregatum, mycorhization, arbre fruitier, provenance, environnement, plante de serre, Sahel.

1. INTRODUCTION

Sahelian countries are facing rapid degradation of
natural resources resulting in dramatic reduction in
soil fertility and provision of food and other ecosystem
services. Fruit trees are traditionally and intensively
exploited by local people for fruits, seeds, fodder and
medicines (Ambé, 2001). They contribute to food
security as they help overcome nutritional problems,
and are an important source of revenue for smallholder
farmers (Atangana et al., 2001; Akinnifesi et al., 2004;
Leakey et al., 2005). For their high nutritive and
economic added value, fruit trees are often alternative
crops, both in agroforestry systems and in orchards,
and as such have become a priority in agronomic
research efforts (Leakey et al., 2005; Akinnifesi et al.,
2006; Franzel et al., 2007).

Among the fruit tree species well adapted to arid
and semi-arid regions and commonly used by farmers,
néré (Parkia biglobosa [Jacq.] G.Don), tamarind
(Tamarindus indica L.) and jujube (Ziziphus mauritiana
Lam.), three multipurpose fruit trees from West Africa
are the most popular. These fruit trees grow slowly in
West African soils due to different factors amongst
which nutrient deficiency, particularly P, and erratic
rainfalls (Querejeta et al., 2003; Lynch, 2007) have
the most impact. Under such conditions, fruit trees
largely rely upon arbuscular mycorrhizal (AM) fungi
for growth and nutrient uptake (Mathur et al., 2000;
Guissou et al., 2001; Kung’u et al., 2008; Fitter et al.
2011; Smith et al., 2011). Arbuscular mycorrhizal
establishment extends plant root system’s capacity
to explore more water resources in soil and to cope
with stress situations (Mathur et al., 2000; Guissou
et al., 2001; Manoharan et al., 2010). Furthermore,
prophylactic effects have been often reported, proving
in many situations that AM fungi can act as biological
control agents by lessening proliferation and damage
caused by pests, insects and soil-borne diseases
(St-Arnaud et al., 2005; Chandra et al., 2010; Ozgonen
et al., 2010; Jung et al., 2012). The inoculation of 13
fruit trees with an efficient AM fungus isolate, Glomus

aggregatum Schenck & Smith emend. Koske, or with a
non-efficient AM fungus isolate, Glomus intraradices
Schenck & Smith, showed that the jujube fruit tree
responded better to the AM inoculation in comparison
to the other fruit trees regardless of the AM fungus
used as inoculum (Guissou et al., 1998; Ba et al.,
2000). These data on mycorrhizal dependency (MD)
and mineral nutrition potential have been focused on
a single provenance for néré, tamarind and jujube
fruit trees even though the benefits of AM fungi
on plant growth could vary widely between plant
species, and even between cultivars or species from
different geographic provenances (Lesueur et al.,
2005; Plenchette et al., 2005; Belay et al., 2013; Sousa
et al., 2013). In order to verify the level of variability
between néré, tamarind or jujube plants originating
from different geographical origins, each of these fruit
trees was inoculated or not inoculated with an efficient
AM fungus strain of Glomus aggregatum. Comparative
analyses of nutrient uptake and MD measurements
were performed on greenhouse propagated species
grown in a P-deficient soil. Results are discussed taking
into consideration genetic diversity in tree species and
provenance influences to optimize large-scale fruit tree
production in agroforestry systems.

2. MATERIALS AND METHODS

2.1. Plants

Plants were propagated on a P-deficient sandy soil
collected at 0-20 cm depth under a stand of Afzelia
africana Sm. & Pers. at Dindéresso (South Sudanian
zone of Burkina Faso, at 11°13°’N Latitude, 4°26’W
Longitude, and 339 m Altitude, 950 mm annual
rainfall). The soil was sieved (2 mm) and sterilized
by autoclaving (120 °C for 1h) to eliminate native
microflora prior to use. The soil characteristics after
autoclaving were: 6.7% clay, 6.5% silt, 86.6% sand,
0.6% organic matter, 0.3% total Carbon (C), 0.05%
Nitrogen (N), C/N ratio of 7, 98 ug.g-1 total P,
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2.18 ug.g-1 P-Bray 1, pH (1:2, soil/water ratio) 7.4,
and pH (1:2 soil/KCl ratio) 6.8.

Seeds of each fruit tree species collected from
five different geographic locations in Burkina Faso
and Senegal (Table 1) were purchased from Centre
National de Semences Forestieres (CNSF, Burkina
Faso) and Institut Sénégalais de Recherches Agricoles/
Direction de Recherches et de Productions Forestieres
(ISRA/DRPF, Senegal).

2.2. Mycorrhizal fungus

The AM fungus isolate used in this experiment was
Glomus aggregatum Schenck & Smith emend. Koske
(isolate IR 27) isolated from a rhizosphere of Acacia
mangium Willd. at Dinderesso in Burkina Faso. The
fungus was propagated on maize plants (Zea mays L.)
grown in pot cultures for 4 months. The AM inoculum
consisted of a mixture of sand, spores, hyphae and
infected maize root fragments. Twenty g of inoculum,
containing approximately 103 infected propagules
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(Guissou et al., 1998) were added to each pot-culture.
Non-inoculated (control) pots received the same
amount of autoclaved inoculum (120 °C for 20 min)
with 10 ml of inoculum water extract collected by
vacuum filtration system.

2.3. Pot experiment

The seeds were surface scarified and sterilized
by immersion in 95% sulphuric acid for 30 min,
45 min, and 10 min for néré, tamarind, and jujube,
respectively. The sterilized seeds of these three plant
species were rinsed several times in sterile distilled
water for 24 h and then aseptically pre-germinated on
moist sterilized cotton in Petri dishes at 30 °C until
the radicles appeared. Once germinated, they were
selected for uniformity before sowing one seedling
per cylindrical plastic pot (24 cm height X 7.5 cm
diameter). The pots were watered to field capacity and
maintained at that moisture level by weighing the pots
in the morning and in the afternoon and replenishing

Table 1. Geographical and climatic characteristics of seed provenance locations for the seeds of the three fruit tree species
used — Caractéristiques géographiques et climatiques des localités de provenances des graines chez les trois espéces

d’arbres fruitiers utilisés.

Fruit tree species Country of seed Seed collection Altitude Longitude Latitude Climatic Rainfall
provenance site (m) zone (mm-an)
Néré Burkina Faso Bazéga 335 01°26°W 11°58°'N  Sudano-  600-900
(Parkia biglobosa) sahelian
Bankartougou 249 00°44’E 12°56°’N  Sudano-  600-900
sahelian
Soumousso 322 04°03’W 11°01’N  Sudanian 900-1,200
Senegal Diégoune 6 16°22°W 12°50°’N  Sudanian  900-1,000
Néma 3 16°17°W 13°04’N ~ Sudano-  800-1,000
guinean
Tamarind Burkina Faso Comin-Yanga 271 00°08’E 11°42°’N ~ Sudano-  600-900
(Tamarindus indica) sahelian
Kongoussi 313 01°31'W 13°19°’N  Sahelian  300-600
Sondogtenga 314 01°48°W 12°35°’N  Sudano-  600-900
sahelian
Senegal Foundiougne 3 16°28°W 14°07’N ~ Sudanian  900-1,000
Tiénaba 35 16°47°W 14°45’N ~ Sahelo-  400-600
sudanian
Jujube Burkina Faso Gonsé 274 01°18'W 12°23’N  Sudano-  600-900
(Ziziphus mauritiana) sahelian
Léri 272 03°23°W 12°46’N ~ Sudanian  900-1,000
Senegal Bandia 37 17°02°W 14°37’N  Sahelo-  400-600
sudanian
Columba 7 15°38°W 13°45’N  Sudanian  900-1,000
Dahra 40 15°28°W 15°20°’N  Sahelo-  400-600

sudanian
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the water used (i.e. difference between morning and
afternoon weights).

The experiment was arranged in a factorial design
with two factors for each fruit tree species separately:
5 provenances X 2 AM treatments (inoculated and
non-inoculated [control]). Each of the 10 treatments
was set-up in a completely randomized design with
10 replicates for each treatment combination, for
a total of 100 plants for each fruit tree species. The
experiment was conducted under nursery conditions
and plants were grown under natural light (day
length approximately 12 h), mean temperature at
approximately 35 °C day.

2.4. Harvest and chemical analysis

Plant shoots and roots were harvested separately
six months after inoculation. Shoot height, total dry
weight (TDW), and root/shoot ratio were measured.
Plant material was dried in an oven at 70 °C for seven
days and weighed. The compound leaves (leaf blade,
petiole, and rachis) were analyzed for the N, P and
K concentrations. Mycorrhizal dependency (MD)
of each provenance of fruit trees was determined by
expressing the difference between the TDW of AM
plants and the TDW of non-AM plants as a percentage
of the TDW of AM plants (Plenchette et al., 1983).
To identify the AM fungal colonization rate, randomly
sampled roots were collected from each plant, carefully
washed with tap water and deionised water to remove
adhering soil particles, cut into 1-cm long fragments,
and cleared for 1 h in 10% KOH at 80 °C. The cleared
roots were then stained with 10% Trypan blue (Phillips
etal., 1970). A total of 100, 1-cm root pieces per plant
were randomly selected, mounted on microscopic
slides and examined for colonization patterns (40X
magnification) using a compound microscope fitted
with an eyepiece scale. The AM colonization rate
was the colonization intensity calculated as length
of cortical cells colonized (in mm) by the AM fungi
for each root fragment expressed as a percentage of
total root length colonized (Mc Gonigle et al., 1990;
Declerck et al., 1996). The P and N concentrations in
compound leaves were determined by the molybdate
blue method (Murphy et al., 1962) and colorimetry
method after Kjeldahl digestion, respectively. The K
concentration in compound leaves was determined by
means of atomic absorption spectrophotometry (John,
1970).

2.5. Data analysis

For each fruit tree species, all data were subjected to
two-factor analysis of variance (provenance X AM
treatment) using the general linear models procedure
of SAS (1990). A threshold of 5% was considered
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statistically significant. Means of parameters with
significant F were compared by using the Fisher
protected least significance difference (LSD) test
(Steel et al., 1980).

3.RESULTS

The analysis of variance revealed that for the
interactions between provenance and AM treatments
the level of significance for the measured parameters
varied according to fruit trees (Tables 2, 3 and 4).
The results showed that in each of the three fruit
tree species, no AM formation was observed in non-
inoculated plants regardless of the provenance, thus
indicating that no contamination occurred between the
different treatments (Table 5).

3.1. Influence of néré seed provenances on AM
response

Néré plants inoculation with the G.aggregatum
isolate significantly increased the shoot growth of
of plants from Néma and Diégoune compared to
those from Bazéga, Soumousso and Bankartougou
(Table 6). There was no difference in root/shoot ratios
among most of the provenances except those of Néma
and Soumousso which were respectively lower and
higher as compared to the rest (Table 6). Arbuscular
mycorrhizal-root colonization levels were uniform
regardless to the seed provenances. The N and P
concentrations in compound leaves were significantly
enhanced by the inoculation with G. aggregatum
for all provenances. The néré plants from Bazega
showed the highest P and K content compared to other
provenances (Table 6).

3.2. Influence of tamarind seed provenances on
AM response

In tamarind plants, G. aggregatum significantly
increased shoot height of plants from Tiénaba. Total
dry weight was significantly increased in plants
from Tiénaba and Foungioune compared to those
from Kongoussi, Sondogtenga and Comin-Yanga
(Table 7). Plants from Tiénaba were the most AM
dependant and those from Sondogtenga showed the
lowest AM dependence (Table 7). The root/shoot
ratio was in general comparable for either AM or
non-AM treatments regardless of the plant provenance
(Table 5). The AM inoculation significantly increased
the N content of tamarind leaves from Foungioune,
Kongoussi and Comin-Yanga. P and K content were
highly significant in tamarind leaves from Kongoussi
compared to those of all other provenances (Tables 3
and 7).
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Table 5. Interaction between inoculation with Glomus aggregatum and provenance on shoot height, total dry weight,
root/shoot ratio, AM colonization, leafed stems N, P and K concentrations of Parkia biglobosa, Tamarindus indica and
Ziziphus mauritiana plants originating from five provenances in West Africa — Interaction entre ’inoculation avec Glomus
aggregatum et la provenance sur la hauteur des plants, le poids sec total, le rapport racine/tige, le taux de mycorhization, les
concentrations des parties aériennes en N, P et K des plants de Parkia biglobosa, Tamarindus indica ef Ziziphus mauritiana
de cing provenances d’Afrique de I’Ouest.

Species Treatment Shoot Total dry Root/Shoot AM colonization (%) N (%) P(%) K (%)
height (cm) weight (g)
Parkia Control 15.45° 4.41° 2.42? 0.00° 1.17°  0.04> 0.90°
G.aggregatum 21.12° 7.25° 2.57* 89.60* 2.14*  0.19* 1.30*
Tamarindus Control 22.51° 3.14° 1.02° 0.00° 1.08> 0.08> 0.64°
G.aggregatum 30.51* 4.61° 1.10° 91.20 1.60°  0.18* 1.06°
Ziziphus Control 25.59° 31.09° 1.08° 0.00° 1.12>  0.06® 0.82"
G. aggregatum 39.65% 45.15° 1.60? 91.20° 2.00* 0.22¢ 1.55°

In the same column and for the same species and parameter, means with a letter in common are not significantly different according to
LSD Fisher protected Test — Dans la méme colonne et pour les mémes espéce et parameétre, les moyennes avec une lettre en commun
ne sont pas significativement différentes selon le test LSD de Fisher.

Table 6. Effects of inoculation with Glomus aggregatum on shoot height, root/shoot ratio, mycorrhizal dependency, N, P and
K concentrations of Parkia biglobosa plants originating from five provenances in West Africa — Effets de [’inoculation avec
Glomus aggregatum sur la hauteur des plants, le rapport racine/tige, la dépendance mycorhizienne et les concentrations en
N, P et K des plants de cing provenances d’Afrique de I’Ouest de Parkia biglobosa.

Provenance Shoot height (cm) Root/Shoot Mycorrhizal dependency N (%) P (%) K (%)

Bazega 16.87° 2.60? 32,340 1.68" 2 0.14 1.27°
Néma 23.82¢ 1.60° 32,340 1.61° 0.09¢ 0.91¢
Diégoune 20.44° 2.342 42912 1.61° 0.10%¢ 1.115¢
Soumousso 16.07¢ 2.99° 15.,46° 1.66%° 0.11¢ 1.02¢
Bankartougou 14.22¢ 2.55? 37,33%b 1.71% 0.13° 1.18%%

In the same column and for the same parameter, means with a letter in common are not significantly different according to LSD
Fisher protected Test — Dans la méme colonne et pour le méme parametre, les moyennes avec une lettre en commun ne sont pas
significativement différentes selon le test LSD de Fisher.

Table 7. Effects of inoculation with Glomus aggregatum on shoot height, total dry weight, root/shoot ratio, AM colonization,
mycorrhizal dependency, leafed stems N, P and K concentrations of Tamarindus indica plants originating from five
provenances in West Africa — Effets de [’inoculation avec Glomus aggregatum sur la hauteur des plants, le poids sec total,
le rapport racine/tige, le taux de mycorhization, la dépendance mycorhizienne et les concentrations en N, P et K des plants
de cing provenances d’Afrique de I’Ouest de Tamarindus indica.

Provenance Shoot Total dry Root/Shoot AM colonization Mycorrhizal N (%) P(%) K (%)
height (cm) weight (g) (%) dependency (%)

Foungioune 24.77° 4.39° 1.11# 93¢ 18.49* 147@  0.13> 0.87°

Tiénaba 36.84* 4,942 1.03* 88" 20.79° 1.04>  0.14* 0.69°

Kongoussi 21.06° 3.13° 1.11# 92# 13.26%° 1.58* 0.18 1.16*

Sondogtenga  25.27° 347° 1.20° 928 8.68° 1.21°*  0.10°  0.69°

Comin-Yanga 24.89° 3.43° 1.09 91° 14.76%° 142 0.11° 0.85°

In the same column and for the same parameter, means with a letter in common are not significantly different according to LSD
Fisher protected Test — Dans la méme colonne et pour le méme parametre, les moyennes avec une lettre en commun ne sont pas
significativement différentes selon le test LSD de Fisher.
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3.3. Influence of jujube seed provenances on AM
response

With jujube plants, Glomus aggregatum significantly
increased shoot height, total dry weight and percentage
N, P and K content of inoculated plants (Table 5). In
plant from Léri provenance, shoot height and total dry
weight were greater than plants from other provenances
(Table 8). Plants from Gonsé appeared to be the least
AM dependant (Table 8). The root shoot ratio was
significantly high in AM inoculated plants compared
to non-inoculated ones regardless of the variety of the
tree (Table 5). No significant variation was observed
for AM-Root colonization between inoculated plants,
but significant differences were observed between
inoculated and non-inoculated plants (Tables 4 and
5). The N, P and K concentrations were significantly
higher in the compound leaves of AM plants from Léri
provenance (Table 8).

3.4. Influence of fruit trees on AM response

Analysis of data presented in table 1, and in tables 6
to 8, revealed that the response of the studied fruit trees
to inoculation with G. aggregatum varies with trees
and the rainfall regime of their provenance. In fact,
the Parkia plants from Bazéga and Bankartougou, at
600-900 mm rainfall respond well (Tables 1 and 6),
while Ziziphus plants from Léri, Bandia and Colomba
respond well respectively at 900-1,000, 400-600 and
900-1,000 mm rainfall (Tables 1 and 8). Tamarindus
is the only tree which responds well to the inoculation
with G. aggregatum between 300-1,000 mm of
rainfall. In fact, Tamarindus plants from Tiénaba and
Foungioune have the highest mycorrhizal dependency
respectively at 400-600 and 900-1,000 mm rainfall
(Tables 1 and 7).
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4. DISCUSSION

The néré, tamarind, and jujube plants used in this study
are multipurpose fruit tree species commonly grown
in orchards and agroforestry systems under the arid
and semi-arid climatic conditions of West Africa. They
usually grow on soils characterized by low organic
matter concentration with reduced available P, making
them ideal candidates for testing the potential practical
applications of arbuscular mycorrhizal inoculation.
The greenhouse experiment wusing P-deficient
substrate, thus mimicking some of the indigenous soil
parameters and the introduction of standard inoculum
containing mycorrhizal fungi provided opportunity for
comparative analysis.

Our results revealed that, regardless of seed
provenance and plant species, the mycorrhizal root
colonization levels were high and comparable (80-
90%) within each fruit tree species provenance.
Despite these high colonization rates, shoot height
and total biomass production differed significantly
among provenances for the same plant species. For
example, despite a high AM-root colonization level,
néré plants originating from Bankartougou and plants
of tamarind from Kongoussi and Sondogtenga did not
display differences in biomass production compared
to the non-inoculated controls. These results indicated
that the level of AM-root colonization remains a weak
indicator of plant growth benefits (Cavender et al.,
2006; Nunes et al., 2008) because it was not always
consistent with the impact AM symbiosis has on plant
growth yields.

The significant enhancement of biomass production
in jujube plants colonized by AM from all provenances
was directly proportional with their MD values, a
proportionality that did not exist in tamarind and néré
plants. These results corroborate previous reports

Table 8. Effects of inoculation with Glomus aggregatum on shoot height, total dry weight, mycorrhizal dependency, leafed
stems N, P and K concentrations of Ziziphus mauritiana plants originating from five provenances in West Africa — Effets
de linoculation avec Glomus aggregatum sur la hauteur des plants, le poids sec total, la dépendance mycorhizienne et
les concentrations en N, P et K des parties aériennes des plants de Ziziphus mauritiana de cing provenances d’Afrique de

I’Ouest.

Provenance Shoot height (cm)  Total dry weight (g) Mycorrhizal dependency (%) N (%) P(%) K (%)
Bandia 31,07° 37,20° 30,64° 0,77¢ 0,104 0,57¢
Léri 41,36 46,86° 32.45° 2,15 020 1,66
Dahra 27,13¢ 32,63¢ 27.,59° 1274 0,13 1,12¢
Colomba 30,01°¢ 35,15%¢ 30,30¢ 1,89° 0,12¢ 133
Gonsé 32,89° 38,39° 18,21° 1,71 0,17°  1.25°

In the same column and for the same parameter, means with a letter in common are not significantly different according to LSD
Fisher protected Test — Dans la méme colonne et pour le méme paramétre, les moyennes avec une lettre en commun ne sont pas

significativement différentes selon le test LSD de Fisher.
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which found that these three fruit trees responded
differently to AM inoculation (B4 et al., 2000; Guissou
etal.,2001; Solaiman et al., 2008; Johnson et al., 2010;
Schultz et al., 2010). The high MD values for jujube
were previously obtained and known to vary according
to the AM fungal species used as inoculum (Mathur
et al., 2000; Smith et al., 2000; Urcelay et al., 2003).
Mycorrhizal dependency values cannot be predicted
neither by root colonization measurements nor by root
architecture (Guissou et al., 1998) even though several
authors stated that the length and the density of root
hairs are good indicators of plant species or cultivars
MD (Simard et al., 2002; Collier et al., 2003; Sorensen
et al., 2005; Janos, 2007; Johnson et al., 2010).
Nevertheless, our results demonstrate, for the first
time, that the MD of some Sahelian fruit trees varied
according to their provenance and as such corroborate
previous data obtained with Acacia (Duponnois et al.,
2003; Lesueur et al., 2005; Belay et al., 2013), and
Dalbergia sissoo Roxb. DC. (Devagiri et al., 2001)
leguminous trees.

Interestingly, regardless of AM inoculation, there
was a difference in N, P and K absorption by plants
particularly with tamarind (Tiénaba and Kongoussi
provenances) and jujube (Léri and Gonsé provenances).
When the two provenances and G.aggregatum
inoculation are investigated, an additional N, P and K
uptake takes place. It is then possible to suggest that
tamarind and jujube from those provenances may have
developed ecological plasticity in order to better adapt
themselves to poor nutrient soil conditions. In almost
all provenances (except tamarind from Tiénaba),
AM inoculation significantly improved the N, P and
K absorption compared to non-AM fruit trees. These
findings are consistent with published data on the
enhanced nutrient uptake observed in mycorrhizal
plants (Fitter et al., 2011; Smith et al., 2011; Jiang
et al., 2013) partly due to the existence of an extra-
radical hyphal network capable of exploring a greater
soil volume (Simard et al., 2002; Marulanda et al.,
2003; Schnepf et al., 2008).

An interesting element, in terms of mineral
absorption, can be observed between species and
provenances. The P levels in compound leaves of AM
inoculated jujube from Colomba, Bandia and Dahra
were respectively 7, 10 and 6 times higher in control
plants than P concentrations in the other provenances
of Léri and Gonsé where only a two-fold increase was
observed. In that particular case, the most efficient
provenances in P uptake coincided with the most
AM-dependent one. On the other hand, with néré
plants, a reducing effect of the AM inoculation was
observed in the N and K uptake from Tiénaba. This is
probably due to growth dilution effect brought about
by increased plant biomass in AM-plants compared to
non-AM plants (Ahiabor et al., 1994).

Guissou T., Babana A.H., Sanon K.B. et al.
5. CONCLUSIONS

In conclusion, the MD and mineral nutrient absorption
potential may vary depending on the plant species and
their provenance. Our results revealed the existence of
substantial provenance variation, which can be utilized
to initiate tree improvement program of the species
and large-scale fruit production in orchards and other
agroforestry systems. To be successful in practical
applications of these findings, further investigations
are now required to evaluate the competitiveness of the
G. aggregatum isolate with the AM fungi population
of indigenous soils of West Africa, particularly in
Burkina Faso and Senegal including Mali and Niger
and to reveal the underlying mechanisms.
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