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Abstract

This study aims to evaluate the effects of two leguminous plants
Arachis repens and Desmodium adscendens, used as cover crops, on the
proliferation of arbuscular mycorrhizal (AM) fungal spores in soils under
industrial banana plantations. Soil samples were collected at two depths (0-10
cm and 10-20 cm) before, 6 and 12 months after the cover crops installation
in a three-treatment Fisher block design. After laboratory analysis of the
collected soil samples, the results showed that A. repens strongly contributed
to the increase of AM fungal spores. Indeed, before planting this legume, the
average number of spores which was 882.50 at 0-10 cm of the soil, increased
to 1502.50 and then to 2390.00 in 100 g of soil respectively after 6 and 12
months. At the depth of 10-20 cm, the number of spores was 790.00, 1177.50
and 1270 spores/100 g soil, respectively. Acaulospora, Gigaspora, Glomus
and Scutellospora were the main genus obtained among the identified spores.
Among them, Glomus and Acaulospora were the most abundant. A. repens
could be used as a cover crops for the sustainable management of biological
soil fertility.

Keywords: Dessert banana, Cover crops, Arachis repens, Desmodium
adscendens, mycorrhizae.

Introduction

Cote d'lvoire is the leading African producer-exporter of dessert
banana with a production of 397,305 tons in 2018 (FAO, 2018). The resources
generated by this sector contributed 8 % to agricultural GDP and 3 % to
national GDP (Cheickna et al., 2018).

However, one of the major problems faced by dessert banana

producers in Cote d'lvoire is plot weediness. Tano et al. (2016) noted that
weeds cause losses estimated at 9.7 % of global agricultural production and
about 10-56 % in Africa. In fact, weeds promote the presence of pests and
parasites such as nematodes, weevils, fungi, bacteria and viruses. This leads
to diseases such as cercosporiose, cladosporiose, bacterial wilt and viral
diseases (Dave, 1993).
In addition, the root system of banana plants is superficial like that of weeds,
resulting in competition for nutrients and water, causing a delay in the
vegetative cycle of banana plants and a decrease in the average weight of the
bunches (Traoré et al., 2009).

To limit crop losses due to weeds, the use of synthetic herbicides is the
most common control method in industrial banana plantations with intensive
production systems. However, these products represent a potential health
hazard through their carcinogenic effects on humans (Rautiainen and
Reynolds, 2002) They are a source of environmental pollution and threaten
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the health of the applicator and the consumer (Sténuit et al., 2004). Indeed,
their use causes the modification of the carbon cycle with impacts on the
climate (Houghton and Hackler, 2001), the alteration of water resources
(Green et al., 2004) and soil degradation (Wood et al., 2000). In addition,
during application and depending on the stage of development of the plant, 10
to 70 % of the product is lost to the soil and leads to a strong decrease in the
development of soil microorganisms (Jensen and Spliid, 2003 ; Pimm, and
Raven, 2000).

Thus, protective measures must be taken regarding the harmful effects
of these chemicals on the soil microfauna, which is essential for maintaining
soil fertility. To this end, the use of innovative cropping systems, through the
use of cover crops to firstly control weeds and secondly improve the biological
quality of the soil, is a promising avenue. For several decades, numerous
studies have presented the importance of cover crops, particularly legumes, in
soil fertilization by improving the growth of microorganisms, particularly
arbuscular mycorrhizal fungi (Lamy, 2019 ; Savana et al., 2021). In banana
plantations, several works undertaken have highlighted the impact of
arbuscular mycorrhizal fungi on the growth and development of this crop of
interest (Jaizme-Vega et al., 2002 ; Lebisabo et al., 2019). In fact, according
to the work of Stenstrom et al. (1997), under natural conditions, the vast
majority of plants live in symbiotic association with mycorrhizal fungi that not
only supply their hosts with water and mineral elements and also provide root
protection against pathogenic fungi. It is in this context that this study was
conducted. The main objective of this study was to evaluate the effects of two
leguminous plants, Arachis repens and Desmodium adscendens, as cover
crops on the development of microorganisms such as arbuscular mycorrhizal
fungi (AMF) under industrial banana plantations.

Materials And Methods
Study Site

The experiment was conducted in the locality of Aboisso in Cote
d'lvoire, located 116 km east of the city of Abidjan. The geographical
coordinates establish it at 5°28'04"” North latitude, 3°12"25" West longitude,
and 12 m altitude above sea level. The soil is ferralitic and heavily leached at
the base under heavy rainfall (Koua, 2007). The department of Aboisso has an
Atrean type climate with four seasons. A long dry season from December to
February ; a long rainy season from March to July ; a short dry season from
August to September and a short rainy season from October to November
(Koua, 2007). The trials were conducted in an industrial banana plantation in
Akressi, a village located 18.6 km from the town of Aboisso, at latitude
5°37'100" North and longitude 3°12"25" West.
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Plant material

Banana plants

The plant material used for the establishment of the banana plantation
consisted of in vitro plants of the variety Grande naine of the Cavendish AAA
group. These in vitro plants were planted after a stay of 11 weeks in the
nursery.

Cover crops used

Two perennial cover crops (legumes), A. repens and D. adscendens,
have been introduced into dessert banana plantations. A. repens is an exotic
species. However, D. adscendens was collected in Cote d'lvoire in the locality
of Aboisso.

Preparation of the soil and plantation of the banana plants

Cultivation beds 10 m wide and 110 m long were made using the
bulging method. These were then subdivided into three elementary plots, each
with dimensions of 36 m x 10 m, to house the trials. The micro-sprinkler
irrigation system was installed before planting. The banana plants were
planted in double rows, in any row, at a density of 1820 plants per hectare with
a spacing of 2.2 m between rows and 1.7 m between rows. They were watered
by sprinkling at a rate of 2 h every two days. Three months after the
establishment of the vitroplants, the cover crop cuttings were introduced into
the plot after two months in the greenhouse. For this purpose, a staking
operation with the simultaneous realization of 10 cm deep holes was used to
materialize the locations of the cuttings. The cuttings were transplanted on the
whole surface of the elementary plots in the spaces between the banana trees
at a density of 111111 plants/ha, i.e. a spacing of 30 cm x 30 cm.

Experimental design

The experimental design chosen was a Fischer block with three
treatments repeated three times. The trial consisted of elementary plots. These
plots contained 64 planted banana trees. The treatments were as follows :
- TO : Control or conventional practice with herbicide applications ;
- T1: A. repens associated with banana plants ;
- T2 : D. adscendens combined with banana plants.

Soil sample collection

Prior to the installation of the cover crops under the dessert bananas,
soil samples were taken. Six and twelve months after the installation of these
plants, two other samples were taken respectively. For this purpose, 30 cm
from each banana plant, blocks of monoliths were taken using a metal frame
25x25x20 cm3 deep. The monoliths were then cut into two layers according
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to depth : 0-10 cm and 10-20 cm. Each layer was mixed gently to obtain a
homogeneous sample.

Quantities of 100 and 500 g of soil per treatment (elementary plot) were taken
for physicochemical analysis and for extraction of mycorrhizal spores,
respectively.

Extraction of spores from AMF

Spores were extracted from soil samples following the wet sieving method
described by Gerdemann and Nicolson (1963) followed by centrifugation in a
biphasic water/sucrose medium (Daniels and Skipper, 1982). Thus, 100 grams
of soil were suspended in water. Most of the soil particles sedimented faster
than the mycorrhizal spores, which were then recovered by sieving the
supernatant on a series of four sieves with decreasing mesh sizes (710 um, 500
pm, 90 um and 45 pum). The rejects from the last three sieves (500 pum, 90 um,
45 um) were collected in buckets and centrifuged at 3000 rounds for 5 min.
After that, the supernatants were removed and replaced with 70 % sucrose
solution. Centrifugation was again performed under the same conditions as the
previous one. Then, they were filtered through the 45 um sieve to recover the
spores, which were rinsed with tap water to remove the sucrose.

Determination of the average number of spores of AMF

The extracted spores were distributed in squared Petri dishes
containing cellulose wadding paper. They were observed with a binocular
magnifying glass and counted according to their size (500, 90 and 45 pum).

Identification of AMF genera

Spores isolated from soil samples were sorted manually under a
binocular microscope according to morphological characters such as color,
shape and size. In each homogeneous batch, a few spores were mounted
between slide and coverslip in a mixture of glycerine and Melzer's reagent in
equal proportion and observed under the light microscope. Genus were
determined with reference to the identification keys defined by Artib et al.
(2016), Abbas (2014) and Moreira et al. (2015). The relative abundance of

each identified genus was also determined by the following formula :

Number of spores of an identified genus

Relative abund %) = x 100
elative abundance (%) Total number of spores of identified genus

Statistical analysis of the data

The data obtained were processed using STATISTICA software
version 7.1. An analysis of variance one-way was used to study the effects of
cover crops according to soil depth on the number of arbuscular mycorrhizal
(AM) fungal spores. In case of significant differences between treatments, the

www.eujournal.org 226



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
March 2022 edition Vol.18, No.11

Student and Newman Keuls multiple comparison test at the 5 % threshold was
used to classify the means into homogeneous groups. For the comparison
between the two depths, the Mann-Whitney test was used instead.

Results
AM fungal spore densities associated with cover crops

The effects of cover crops on AM fungal spore density were assessed
using ANOVA. Thus, prior to cover crop placement, ANOVA revealed no
significant difference between plots (cover crop and control) at soil depths 0-
10 and 10-20 cm (p = 0.26 and p = 0.33 respectively). The number of AM
fungal spores ranged from 687.50 to 882.50/100 g soil at the first depth (0-10
cm). At the second soil depth (10-20 cm), the number of spores fluctuated
from 607.50 to 790 individuals in all plots (Figure 1).

1200 ,

a

1000

800

600 @ Control

B Arachis repens

E
B

400 .
B Desmondinm adscendens

E T

Ears
Ear

El A A A A
2|

200

Number of spores /100 g of soil

\\ .........

Depth (em)

Figure 1. Mean numbers of arbuscular mycorrhizal fungals spores present in soil samples at
depths 0-10 and 10-20 cm as a function of cover crops before trial
establishment
Bars bearing same letter on the histograms are not significantly different at the 5 %
threshold (Student's t test and Newman Keuls).

Six months after cover crop establishment, a significant difference was
observed between treatments at each depth (p=0.02 and p=0.01 0-10 cm and
10-20 cm, respectively). Indeed, at the 0-10 cm soil depth, a high number of
AM fungus spores was obtained in the A. repens plots (1502.50+130.81
spores/100 g soil). However, in bare soil (control) and D. adscendes soil a low
spore density was obtained at the same depth (1045.00+98.99 and
1030.00£35.35 spores/100 g soil).

Similarly, at 20 cm soil depth, A. repens plots showed the highest spore
count, with a relatively downward trend (1177.50£201.52 spores/100 g soil).
However, the lowest average number, 705.00+63.64 spores/100 g soil, was
observed at this depth (20 cm soil) of the bare control plots (Figure 2).
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Figure 2. Average numbers of arbuscular mycorrhizal fungals spores present in soil samples
at levels 0-10 and 10-20 cm according to cover crops 6 months after trial
establishment
Bars bearing same letter on the histograms are not significantly different at the 5 %
threshold (Student's t test and Newman Keuls).

Twelve months after the establishment of the cover crops (Figure 3), a
significant difference was observed between the soils of the plots (p=0.017)
with respect to the average number of mycorrhizal spores counted. Indeed, at
a depth of 10 cm, a greater number of spores were observed in the soil samples
taken from the A. repens plots (2390.00£70.71). In contrast, at the same depth,
control and D. adscendens covered soils had the lowest average spore counts
(1217.50£74.24 and 1400+318.19 respectively).

At 20 cm soil depth, a significant difference was also observed between
treatments (p=0.001). Soils covered with A. repens obtained the most spores
with a mean number of 1270£42.42. In contrast, bare soil and D. adscendes
soil had the lowest spore numbers (867.50+24.74 ; 730.00+£24.74).

3000 &

2500 1 a

2000 T

1500 @Control

B Arachis repens
1000 + .
B Desmaodium adscendens

Number of spores /100 g of soil

500 1+

P A A A A
P A A A A

EAr A )

0 B
0-10 10-20
Depth (em)
Figure 3. Average numbers of arbuscular mycorrhizal fungals spores present in soil samples
at levels 0-10 and 10-20 cm depending on cover crops 12 months after trial
establishment
Bars bearing same letter on the histograms are not significantly different at the
5 % threshold (Student's t test and Newman Keuls).
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AM fungal spore densities as a function of soil depth

An analysis of variance was performed on the average number of AM
fungus spores as a function of soil depth before, 6 and 12 months after cover
crop placement (Figure 4). This analysis revealed that during the first two
collection periods, i.e. before and 6 months after cover crop placement, soil
depth did not influence AM fungal spore density (p= 0.11 and p= 0.10
respectively). However, 12 months after cover crop placement, a significant
difference was observed in soil depth (p= 0.02). Indeed, a large number or
1669.17+£583.75 of AM fungus spores were observed at the first soil depth (0-
10 cm). On the other hand, the lowest number was obtained at the 10-20 cm
soil depth (955.83+252.02).
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Figure 4. Mean numbers of arbuscular mycorrhizal fungals spores present in soil samples at
levels 0-10 and 10-20 cm before, 12 months and twelve months after cover
crops placement
Bars bearing same letter on the histograms are not significantly different at the
5 % threshold (Student's t test and Newman Keuls).

Measurements of AM fungal spores associated with cover crops

In Table 1 are presented the average numbers of spores per 100 g of soil
according to their sizes determined by the diameter of the sieve meshes (500
pm, 90 um and 45 pm). The difference between spore sizes was highly
significant at the 5 % threshold. Indeed, the results showed that the soils of the
different plots contained spores of varying sizes. The majority of the spores
extracted were 45 and 90 um in size regardless of the plots and the dates of
observation.
Genus of AM fungi associated with cover crops

Four main genera were identified among the observed spores. These

were Acaulospora, Gigaspora, Glomus and Scutellospora (Figure 5). In all
plots, the genera Glomus and Acaulospora were the most abundant at all
sampling times and soil depths with values of more than 80 % (Table 2, 3 and
4). The last two genera, Gigaspora and Scutellospora, had relative abundances
of less than 20 %.
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Figure 5. Genus of arbuscular mycorrhizal fungi identified
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Table 1. Number of arbuscular mycorrhizal fungal spores according to their size in the soils of cover crops plant fields in banana plantations

Before CC

6 months after CC

12 months after CC

Size of spores (um)

Size of spores (um)

Size of spores (um)

Treatments Ezgr%h 500 90 45 500 90 45 500 90 45
742.50£88.38  470.00£14.14
500+ 20667+ 476.67 + 13.33+ 446.67 + 586.67 +
010 289¢c  30.60b 7.26a 4.41b 9.28b 30.60 a >000.00¢ a b
Control 000 17667+ 1983+ 167 + 6667 £ 4350+  02500353b 400.00:07.07 465.0028.28
1020 g00¢ 12.58 b 12.02a 167¢c 25.22b 5.77a a a
0qo 833t 3850£57.95 48667+ 25+ 575 + oLL67x  1250%0353¢ 900043553 142750+318
- a
Arachis 167¢ b 9.28a 7.64b 60.62 a 13.64
repens  pp 333+ 36167+ 4216743919 1833 455 + 720.0 + 05.00£0.00¢  545.00+56.56  720.00+14.14
) 167¢  2522b a 44lc 10.41 b 78.10a b a
010 500% 356,67+  47667+3898 150+ 458 + 560 + 07.50403.53b  742.50£53.03 650-08“—“268-7
- a a
Desmodium 289c  2522b a 2.89b 3371a 18.03a
1020 789c b 7.64a 44lc 12.58b 60.83a a b

Before CC: before cover crops installation; 6 months after CC: 6 months after cover crops installation; 12 months after CC: 12 months after cover

crops installation;

In each column, means followed by the same letter are not significantly different at the 5 % level (Student's t test and Newman Keuls). NS: Not

significant, S: Significant
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Table 2. Relative abundances of arbuscular mycorrhizal fungal genus identified in soils
collected before cover crops installation in banana plantations

Treatments Depth Genus proportions (%)
(cm) Glomus Acaulospora Gigaspora Scutellospora

Control 0-10 43.99 50.42 0.00 5.59

10-20 30.20 56.84 12.96 0.00

Arachis repens 0-10 55.40 33.41 0.00 11.19
10-20 49.02 36.21 5.29 9.48

Desmodium adscendens 0-10 56.63 29.94 6.51 6.92
10-20 56.01 28.51 5.16 10.32
Total proportions of genus (%)  48.54 39.22 04.99 07,.25

Table 3. Relative abundances of arbuscular mycorrhizal fungal genus identified in soils
collected 6 months after cover crops installation in banana plantations

Depth Genus proportions (%)
Treatments (crr:1) Glomus Acaulospora Gigaspora Scutellospora
Control 0-10 46.83 46.46 6.71 0.00
10-20 39.12 46.64 4.34 9.90
Arachis repens 0-10 55.77 30.25 3.05 10.92
10-20 56.07 31.04 9.70 3.19
Desmodium adscendens 0-10 55.41 36.15 5.41 3.03
10-20 64.34 35.66 0.00 0.00
Total proportions of genus (%) 52.92 37.70 04.87 04.51

Table 4. Relative abundances of arbuscular mycorrhizal fungal genus identified in soils
collected 12 months after cover crops installation in banana plantations

Treatments Depth Genus proportions (%)
(cm) Glomus Acaulospora Gigaspora Scutellospora
Control 0-10 56.00 38.40 0.00 5.59
10-20 35.63 61.34 0.00 3.03
Arachis repens 0-10 45.85 37.73 9.50 6.91
10-20 52.84 34.37 2.98 9.81
Desmodium adscendens 0-10 26.18 40.13 17.84 15.85
10-20 44.17 42.50 3.75 9.58
Total proportions of genus (%) 43.45 42.41 05.68 08.46

Discussion

The results of this work revealed a very high number of AM fungal
spores in plots covered by A. repens and D. adscendens compared to bare soil
(control). This suggests that the plant cover could strongly influence the
increase of AM fungal spores. The plants of A. repens and D. adscendens
during photosynthesis would have made sugar available to the AM fungi for
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their nutrition. This would have favored the increase of these spores over time
in soils covered with these two legumes as indicated by the recent work of
Lamy (2019).

Furthermore, AM fungi are obligate symbionts, meaning they cannot
thrive in the absence of a host plant. To establish mycorrhization, these fungi
colonize a plant's root system with their mycelium and they produce spores,
which allow them to survive in the absence of the host plant and reproduce
(Hopkins, 2003; Smith and Read, 2008). Thus, the disappearance of the
herbaceous stratum, would necessarily lead to the biological degradation of
the soil (Requena et al., 2001; Azcon-Aguilar et al., 2003). This degradation
is manifested by a reduction in diversity or telluric microbial activity
(Kennedy and Smith, 1955). The work of El Mrabet et al. (2017) also showed
that the total number of AM fungal spores isolated from rhizospheric soils of
two accompanying species of argan tree namely Chamaecytisus albidus and
Ononis natrix, was significantly higher than that of bare soil. Moreover, in the
current study showed that the soils covered with A. repens had the highest
number of mycorrhizal spores compared to D. adscendens. This finding could
be due to the root system of A. repens that allows for the multiplication and
entrapment of mycorrhizal fungi. These results confirm that some plant
species have the ability to facilitate the development of fungal propagules in
their rhizosphere (Eom et al., 2000 ; Azcon-Aguilar et al., 2003 ; Lovelock et
al., 2003).

Twelve months after cover crop establishment, the distribution of
arbuscular mycorrhizal fungal in soil was not homogeneous. The 0-10 cm
layer was more densely populated than the 10-20 cm layer. These observations
could be explained by the heterogeneity of the soil matrix in terms of
physicochemical properties and distribution of carbon resources. Indeed, the
depth of the soil (different soil horizons) induces gradients in nutrient
availability, which would contribute to modify the density of microorganisms
(Fierer et al., 2003).

Small and medium-sized spores were most abundant in all plots
studied. These results are consistent with those of Dione (2007) who reported
that AMF spore numbers are inversely proportional to their size.

Spores of four genera of AMF were identified in the soils from the different
plots. These are the genera Glomus, Gigaspora, Scutellospora and
Acaulospora. These four genera of AM fungi found during this study are
identical to those observed in Cote d'lvoire by Anguiby et al. (2019). These
have been generally isolated, in the rhizosphere of other crops, by different
microbiologists in the central West African (Ngonkeu et al., 2013) and
Mediterranean (Bouamri et al., 2006) regions, in the humid forest zone in
Cameroon and in the Sudanic zone in Burkina-Faso. Several works have
reported the presence of endomycorrhizae of the genus Glomus, in general, in
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the rhizosphere of plants in other warm regions of the globe (Bousselmame et
al., 2002 ; Zhao et al., 2003 ; Laminou, 2010). In a study conducted by Jamil
et al. (2002) in the arid and semi-arid regions of Jordan, seven species of the
genus Glomus were found. The predominance of the genus Glomus in most
ecosystems suggests a better adaptation of this genus either to the most hostile
conditions such as drought, salinity and other environmental stresses (Pande
and Tarafdar, 2004), or to a wide range of ecological niches (Houngnandan et
al., 2009). Indeed, the genera Glomus would preferentially spread by spores
which are forms of resistance of MACs to harsh conditions; while Gigaspora
and Scutellospora would spread more with other types of propagules such as
hyphae and extra-root mycelial fragments (Brito et al., 2012).

Conclusion

At the end of this study, it was clear that the two leguminous plants, A.
repens and D. adscendens, used as cover crops had an effect on the
development of soil microorganisms. A. repens strongly contributed to the
multiplication of AM fungal spores. In contrast, reduced spore humber was
observed in the bare soil. It would, therefore, be advantageous to use cover
crops, particularly A. repens, for the maintenance of biological soil fertility,
especially in industrial dessert banana plantations where synthetic chemical
fertilizers and herbicides are widely used.

Conflict Of Interests
The authors have not declared any conflict of interests

Acknowledgements

The authors of this work would like to thank the Interprofessional Fund
for Agricultural Research and Consultancy (FIRCA) of Cote d’lvoire for
funding this work through the project "Use of cover crops in banana
plantations in Cote d'lvoire"”. We wish to express our gratitude to the Kablan
Joubin Agricultural Society (SAKJ) for its technical support and collaboration.

References:

1. Abbas, Y. (2014). Microorganismes de la rhizosphere des
Tétraclinaies: un outil pour optimiser la régénération assistée du
Tetraclinis articulate Vahl. Master, Thése de doctorat, Université
Mohammed V, faculté des sciences Rabat, 157 p.

2. Anguiby, B. L. A., Ouattara, G., Bomisso, E. L., N’goran, B.,
Ouattara, B., Coulibaly, S. A. & Aké, S. (2019). Evaluation du statut
mycorhizien d’arbres de Ceiba pentandra (L), Gaertn et Tieghemella
heckelii (A. Chev), Pierre, du jardin Botanique de Bingerville en Céte

www.eujournal.org 234



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
March 2022 edition Vol.18, No.11

d’Ivoire. Journal of Applied Biosciences, 138: 14092 - 14105.
https://doi.org/10.4314/jab.v138i1.9

3. Artib, M., Chliyeh, M., Touati, J., Talbi, Z., Selmaoui, K., Touhami,
A. O., Benkirane, R. & Douira, A. (2016). Study of Arbuscular
mycorrhizal fungi diversity in the rhizosphere of citrus grown in
Morocco. International Journal of Advances in Pharmacy, Biology
and Chemistry, 5 (3): 2277 - 4688.http://www.ijapbc.com/files/03-08-
16/03-4428.pdf

4. Azcon-Aguilar, C., Palenzuela, J., Roldan, A., Bautsta, S., Vallejo, R
&, Barea, J. M. (2003). Analysis of the mycorrhizal potential in the
rhizosphere of representative plant species from desertification-
threatened Mediterranean shrublands. Applied Soil Ecology, 22: 29 -
37. http://dx.doi.org/10.1016/S0929-1393(02)00107-5

5. Bouamri, R., Dalpé, Y., Serrhini, M. N. & Bennani, A. (2006).
Arbuscular mycorrhizal fungi species associated with rhizosphere of
Phoenix dactylifera L. in Morocco. African Journal of Biotechnology,
5 (6): 510 - 516.
https://www.ajol.info/index.php/ajb/article/view/137876

6. Bousselmame, F., Kenny, L. & Achouri, M. (2002). Effet des
mycorhizes a vésicules et arbuscules sur la croissance et la nutrition
de I’arganier (Argania spinosa L.). Actes de I’Institut Agronomique
Veterinaire, 22: 193 - 198. file:///C:/Users/HP/Downloads/184-
Texte%20de%20l'article-328-1-10-20110227.pdf

7. Brito, 1., Goss, M. J., De Carvalho, M., Chatagnier, O. & Van Tuinen,
D. (2012). Impact of tillage system on arbuscular mycorrhiza fungal
communities in the soil under Mediterranean conditions. Soil and
Tillage Research, 121, 63 - 67. DOI: 10.1016/j.still.2012.01.012

8. Cheickna, D. S. (2018). Cote d'lvoire: Dessert banana sector - Cote
d'lvoire intends to consolidate its position as the 1st African producer.
Briefing note, Fratmat.info (Abidjan).
https://www.fratmat.info/index.php/economie/filiere-banane-dessert-
la-cote-d-ivoire-entend-consolider-sa-place-de-1ler-producteur-
africain, accessed on 25/09/2018.

9. Daniels, B. A. & Skipper, H. D. (1982). Methods for the recovery and
quantitative estimation of propagules from soil. In Methods and
Principles of Mycorrhizal Research. Ed. N. C. Schenck. The
American  Phytopathological ~ Society. pp: 29 -  36.
https://www.scielo.sa.cr/scielo.php?script=sci_nlinks&ref=1080582
&pid=S0034-7744200800010001900010&Ing=en

10. Dave, B. (1993). Lutte contre la végétation adventice des bananeraies
martiniquaises. Fruits, numéro spécial Bananes 11, 48(2): 95-99.

1. https://revues.cirad.fr/index.php/fruits/article/view/35388

www.eujournal.org 235



http://www.eujournal.org/
https://doi.org/10.4314/jab.v138i1.9
http://www.ijapbc.com/files/03-08-16/03-4428.pdf
http://www.ijapbc.com/files/03-08-16/03-4428.pdf
http://dx.doi.org/10.1016/S0929-1393(02)00107-5
https://www.ajol.info/index.php/ajb/article/view/137876
https://www.scielo.sa.cr/scielo.php?script=sci_nlinks&ref=1080582&pid=S0034-7744200800010001900010&lng=en
https://www.scielo.sa.cr/scielo.php?script=sci_nlinks&ref=1080582&pid=S0034-7744200800010001900010&lng=en
https://revues.cirad.fr/index.php/fruits/article/view/35388

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
March 2022 edition Vol.18, No.11

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Dione, B. (2007). Valorisation des communautés de champignons
mycorhiziens associés aux plantes pionnieres dans la domestication
des essences forestieres en milieu sahélien. Dipldome national de
master en sciences et technologie. 46 p.

El Mrabet, S., Msanda, F., El Mousadik, A. & Ouahmane, L. (2017).
Evaluation du pouvoir mycorhizien des sols rhizosphériques de
Chamaecytisus albidus et Ononis natrix dans la production de plants
de qualité d’Argania spinosa (L.) Skeels. Actes du 4°™ Congrés
International de I’arganier: 44 - 48.

Eom, A. H., Hartnett, D. C. & Wilson, G. W. T. (2000). Host plant
effects on arbuscular mycorrhizal fungal communities in tallgrass
prairie. Oecologia, 122: 435 - 444,
https://doi.org/10.1007/s004420050050

FAO (Food and Agriculture Organization of the United Nations),
2020. Statistics Division. www.fao.org/faostat/fr/# data/QC,
Accessed August 27, 2020.

Fierer, N., Schimel, J. P. & Holden, P. A. (2003). Variations in
microbial community composition through two soil depth profiles.
Soil Biology and Biochemistry, 35. 167 - 176.
https://doi.org/10.1016/S0038-0717(02)00251-1

Gerdemann, J. W. & Nicolson, T. H. (1963). Spores of mycorrhizal
Endogone species extracted from soil by wet sieving and decanting.
Transactions of the British Mycological society, 46(2): 235 - 244.
https://doi.org/10.1016/S0007-1536(63)80079-0

Green, P. A., Vorosmarty, C. J., Meybeck, M., Galloway, J. N.,
Peterson, B. J. & Boyer, E. W. (2004). Pre-industrial and
contemporary fluxes of nitrogen throughrivers: a global assessment
based on typology. Biogeochemistry, 68 (1): 71 - 105.
https://doi.org/10.1023/B:BI0G.0000025742.82155.92

Hopkins, W. G. (2003). Physiologie végétale. Deuxiéme edition,
Bruxelles, De Boeck Université, 352 p.
https://www.deboecksuperieur.com/ouvrage/9782744500893-
physiologie-vegetale

Houghton, R. A. & Hackler, J. L. (2001). Carbon flux to the
atmosphere from land-use changes: 1850 to 1990, Carbon Dioxide
Information Center, Environmental Sciences Division, Oak Ridge
National Laboratory, 75 p. DOI: 10.3334/CDIAC/lue.ndp050
Houngnandan, P., Yemadje, R. G. H., Kane, A., Boeckx, P. & Van
Cleemput, O. (2009). Les glomales indigenes de la forét claire a
Isoberlinia dokaCraibet Stapf a WariMaro au centre du Bénin.
Tropicultura, 27 (2): 83 - 87.
http://www.tropicultura.org/text/v27n2/83.pdf

www.eujournal.org 236



http://www.eujournal.org/
https://doi.org/10.1007/s004420050050
https://doi.org/10.1016/S0038-0717(02)00251-1
https://doi.org/10.1016/S0007-1536(63)80079-0
https://doi.org/10.1023/B:BIOG.0000025742.82155.92
https://www.deboecksuperieur.com/ouvrage/9782744500893-physiologie-vegetale
https://www.deboecksuperieur.com/ouvrage/9782744500893-physiologie-vegetale
http://www.tropicultura.org/text/v27n2/83.pdf

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
March 2022 edition Vol.18, No.11

21. Jaizme-Vega, M. d. C., Esquivel, D. M., Tenoury, D. P. & Rodriguez,
R. A. S. (2002). Effets de la mycorhization sur le développement de
deux cultivars de bananier issus de la micropropagation. Infomusa,
11(2): 25-28.
https://www.bioversityinternational.org/fileadmin/_migrated/uploads
[tx_news/Infomusa__La_revue_internationale sur_bananiers_et_pla
ntains_968.pdf

22. Jamil, M. M., Rushdi, H. & Malkawi, I. (2002). Populations of
arbuscular mycorrhizal in semi-arid environment of Jordan as
influenced by biotic and abiotic factors. Journal of Arid
Environments, 53: 409 - 417. DOI: 10. 1006/jare.2002. 1046

23. Jensen, P. K. & Spliid, N. H. (2003). Deposition of Pesticides on the
Soil Surface. Pesticide Research Journal, 65: 1 - 59.

24. Kennedy, A. C.& Smith, K. L. (1995). Soil microbial diversity and
the sustainability of agricultural soils. Plant and Soil, 170, 75 - 86.
https://doi.org/10.1007/BF02183056

25. Koua, G. (2007). Situation de la production de café en Cote d’Ivoire:
cas du département d’ Aboisso, état des lieux et perspectives. Mémoire
de fin d’étude pour [I’obtention du Diplobme d’Agronomie
Approfondie. Ecole Supérieure d’Agronomie (ESA), 151 p.
https://www.memoireonline.com/10/07/663/m_situation-production-
cafe-cote-d-ivoire-aboisso0.html

26. Laminou, M. O. (2010). Fixation des dunes dans le Sud-Est du Niger:
évaluation de I’efficacité de la barriére mécanique, espéces ligneuses
adaptées et potentialities d’inoculation mycorhizienne. These de
doctorat en Sciences agronomiques et ingénierie biologique,
Université de Liége, 142 p.

27. Lamy, S. (2019). Mycorhize, rhizobium et légumineuses. https://top-
pouss.com/terrain/mycorhize-rhizobium-et-legumineuses/

28. Lebisabo, C. B., Adheka, J. G., Onautshu, D. O., Hassert, G. D. &
Benoit, D. (2019). Essaie de caractérisation des souches des
endomycorhizes symbiotes des bananiers et bananiers plantains
(Musa sp.) de la région de Kisangani (RDC). International Journal of
Innovation and Applied Studies, 26(4) : 985-991.
http://www.ijias.issr-journals.org/abstract.php?article=1JIAS-18-
354-03

29. Lovelock, C. E., Andersen, K. & Morton, J. B. (2003). Arbuscular
mycorrhizal communities in tropical forests are affected by host tree
species and environment. Oecologia, 135: 268 - 297.
DOI: 10.1007/s00442-002-1166-3

30. Moreira, B. C., Rodrigues, A. L., Oliveira, S. F., Miguel, P. S. B,
Bazzolli, D. M. S., Sturmer, S. L. & Kasuya, M. C. M. (2015).

www.eujournal.org 237



http://www.eujournal.org/
http://www.musacontacts.org/tiki-view_tracker_item.php?itemId=876
https://www.bioversityinternational.org/fileadmin/_migrated/uploads/tx_news/Infomusa__La_revue_internationale_sur_bananiers_et_plantains_968.pdf
https://www.bioversityinternational.org/fileadmin/_migrated/uploads/tx_news/Infomusa__La_revue_internationale_sur_bananiers_et_plantains_968.pdf
https://www.bioversityinternational.org/fileadmin/_migrated/uploads/tx_news/Infomusa__La_revue_internationale_sur_bananiers_et_plantains_968.pdf
https://doi.org/10.1007/BF02183056
https://www.memoireonline.com/10/07/663/m_situation-production-cafe-cote-d-ivoire-aboisso0.html
https://www.memoireonline.com/10/07/663/m_situation-production-cafe-cote-d-ivoire-aboisso0.html
https://top-pouss.com/terrain/mycorhize-rhizobium-et-legumineuses/
https://top-pouss.com/terrain/mycorhize-rhizobium-et-legumineuses/
https://www.proquest.com/indexinglinkhandler/sng/au/Lebisabo,+Crispin+B/$N;jsessionid=56C354A910859F3ED3BA5B870A1CB1E3.i-00eba7806fd590a69
https://www.proquest.com/indexinglinkhandler/sng/au/Adheka,+Joseph+G/$N;jsessionid=56C354A910859F3ED3BA5B870A1CB1E3.i-00eba7806fd590a69
https://www.proquest.com/indexinglinkhandler/sng/au/Hassert,+G/$N;jsessionid=56C354A910859F3ED3BA5B870A1CB1E3.i-00eba7806fd590a69
https://www.proquest.com/indexinglinkhandler/sng/au/Dhed$27a,+Beno$eet+D/$N;jsessionid=56C354A910859F3ED3BA5B870A1CB1E3.i-00eba7806fd590a69
https://www.proquest.com/indexinglinkhandler/sng/au/Dhed$27a,+Beno$eet+D/$N;jsessionid=56C354A910859F3ED3BA5B870A1CB1E3.i-00eba7806fd590a69
https://www.proquest.com/pubidlinkhandler/sng/pubtitle/International+Journal+of+Innovation+and+Applied+Studies/$N/2031961/OpenView/2314198228/$B/BFD71EF3F5864296PQ/1;jsessionid=56C354A910859F3ED3BA5B870A1CB1E3.i-00eba7806fd590a69
https://www.proquest.com/pubidlinkhandler/sng/pubtitle/International+Journal+of+Innovation+and+Applied+Studies/$N/2031961/OpenView/2314198228/$B/BFD71EF3F5864296PQ/1;jsessionid=56C354A910859F3ED3BA5B870A1CB1E3.i-00eba7806fd590a69
http://www.ijias.issr-journals.org/abstract.php?article=IJIAS-18-354-03
http://www.ijias.issr-journals.org/abstract.php?article=IJIAS-18-354-03
https://doi.org/10.1007/s00442-002-1166-3

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
March 2022 edition Vol.18, No.11

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Arbuscular mycorrhizal fungi in the Jatropha curcas rhizosphere.
African Journal of Microbiology Research, 9 (15): 1060 - 1074.
https://doi.org/10.5897/AJMR2014.7313

Ngonkeu, E. L., Nwaga, D., Souleymanou, A. & Fokom, R. (2013).
Diversite des champignons mycorhiziens arbusculaires du Cameroun.
IRD Editions, ppl41-154.
file:///C:/Users/HP/Downloads/Diversite_des_Champignons_Mycor
hiziens_Arbusculair%20(1).pdf

Pande, M. & Tarafdar, J. C. (2004). Arbuscular mycorrhizal fungal
diversity in Neem-Based agroforestry systems in Rajasthan. Applied
Soil Ecology, 26 (3): 233 - 41.
http://dx.doi.org/10.1016/j.aps0il.2003.12.009

Pimm, S. L. & Raven, P. (2000). Biodiversity: extinction by numbers.
Nature, 403 (6772): 843 - 845. http://dx.doi.org/10.1038/35002708
Rautiainen, R. H. & Reynolds, S. J. (2002). Mortality and morbidity
in agriculture in the United States. Journal of agricultural safety and
health, 8: 259 - 276. http://dx.doi.org/10.13031/2013.9054

Requena, N., Perez-Solis, E., Azcon-Aguilar, C., Jeffies, P. & Barea,
J. M. (2001). Management of indigenous plantmicrobe symbioses aids
restoration of desertifid ecosystems. Applied and Environmental.
Microbiology, 67: 495 - 498. https://doi.org/10.1128/aem.67.2.495-
498.2001

Savana, D. D., Darrin, M. D., Jason, L. K., Jac, J. V., Jeffrey, G.,
Brian, M. & Tyson, B. R. (2021). Impact of Cover Crop Species on
Soil Physical Properties, Cotton Yield, and Profitability. The Journal
of Cotton Science, 25 :68-78. https://www.cotton.org/journal/2021-
25/2/upload/JCS25-068.pdf

Smith, S. E. & Read, D. J. (2008). Mycorrhizal Symbiosis, 3" ed.
Academic Press, London, UK, 800 p.
https://www.elsevier.com/books/mycorrhizal-symbiosis/smith/978-
0-12-370526-6

Stenstrom, E., Damm, E. & Unestam, T. (1997). Le rble des
mycorhizes dans la protection des arbres forestiers contre les agents

pathogénes du sol. Rev. For. Fr. XLIX - n° sp.
http://documents.irevues.inist.fr/bitstream/handle/2042/5662/121 12
8.pdf

Sténuit, J. & Van Hammeée, M. L. (2004). Apercu sur I’épidémiologie
des pesticides. 51 p. http://www.gespoir.com/docs/PDF/epidemio-
pesticides.pdf

Tano, E. J., Kouadio, Y. P., Gnonhouy, G. P. & N’guessan, K. E.
(2016). Inventaire floristique et effet de la densité de culture sur
I’enherbement en bananeraie de type plantain (Musa paradisiacal L.)

www.eujournal.org 238



http://www.eujournal.org/
https://doi.org/10.5897/AJMR2014.7313
http://dx.doi.org/10.1016/j.apsoil.2003.12.009
http://dx.doi.org/10.1038/35002708
http://dx.doi.org/10.13031/2013.9054
https://doi.org/10.1128/aem.67.2.495-498.2001
https://doi.org/10.1128/aem.67.2.495-498.2001
https://www.cotton.org/journal/2021-25/2/upload/JCS25-068.pdf
https://www.cotton.org/journal/2021-25/2/upload/JCS25-068.pdf
https://www.elsevier.com/books/mycorrhizal-symbiosis/smith/978-0-12-370526-6
https://www.elsevier.com/books/mycorrhizal-symbiosis/smith/978-0-12-370526-6
http://documents.irevues.inist.fr/bitstream/handle/2042/5662/121_128.pdf
http://documents.irevues.inist.fr/bitstream/handle/2042/5662/121_128.pdf
http://www.gespoir.com/docs/PDF/epidemio-pesticides.pdf
http://www.gespoir.com/docs/PDF/epidemio-pesticides.pdf

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
March 2022 edition Vol.18, No.11

dans deux zones de production (Azaguie-Abbe, région de I’Agnéby-
tiassa et Eboissé region de I’Indenié-djuablin) de la de la Cbte
d’Ivoire.  Agronomie  Africaine, 28 (3): 53 - 67.
file:///C:/Users/HP/Downloads/164156-Article%20Text-424262-1-
10-20171220.pdf

41. Traoré, S., Kobenan, K., Kouassi, K. S. & Gnonhouri, G. (2009).
Systemes de culture du bananier plantain et méthodes de lutte contre
les parasites et ravageurs en milieu paysan en Cote d’Ivoire. Journal
of Applied Biosciences, 19: 1094 - 1101.
http://m.elewa.org/JABS/2009/19/8.pdf

42. Wood, S., Sebastian, K. & Scherr, S. J. (2000). Pilot Analysis of
Global Ecosystems: Agroecosystems. International Food Policy
Research Institute and World Resources Institute, Washington, DC.
Washington, DC, 110 p.
https://lib.ugent.be/catalog/rug01:000687239

43. Zhao, W., Zhibin, H. & Zhigang, L. (2003). Biological mechanism of
sandy desertification in grassland reclamation area in North China.
Advances in Earth Science.,, 18 (2) : 257 - 263.
http://dx.doi.org/10.4314/ijbcs.v7i2.12

www.eujournal.org 239



http://www.eujournal.org/
http://m.elewa.org/JABS/2009/19/8.pdf
https://lib.ugent.be/catalog/rug01:000687239
http://dx.doi.org/10.4314/ijbcs.v7i2.12

