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ABSTRACT

Aims: To investigate the combined effect of Arbuscular Mycorrhizal Fungi (AMF) and intercropping
on the control of the nematode Radopholus similis in banana.

Study Design: The study involved an experiment in which banana-banana monocrops alongside
banana-groundnut and banana-sweet potato intercrops were inoculated with AMF Rhizophagus
irregularis MUCL 41833 to control the nematode R. similis.

Place and Duration of Study: Centre Africain de Recherches sur les Bananiers et Plantains
(CARBAP), from September 2016 to April 2017.

Methodology: An experiment was conducted under greenhouse conditions (photoperiod 12 h.
average temperature 24 - 28°C and 70 - 80% relative humidity) and R. irregularis were tested
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against R. similis with banana intercropped with either groundnut, sweet potato or banana itself.
The plants were cultivated in boxes (30 x 15 x 10 cm) containing sterilized (2x1hour at 121°C)
sand/coffee ash substrate (proportion 1:2 v/v), as an intercropping system with the following plant
combinations: Banana-banana, banana-groundnut and banana-sweet potato. The experimental
set-up was a completely randomized design comprising four treatments and six replicates: (1):
Nematode (Nem), (2) AMF, (3) AMF + Nema and (4) control without nematode and without AMF.
The ratio of banana: intercrop was 1:1 in the intercropping treatments. A total of 72 boxes was
considered in the experimental set-up.

Results: AMF root colonization of banana was clearly affected by intercropping with about 25%
increment observed in banana co-cultivated with groundnut or sweet potato compared to banana-
banana combination. Positive effects of AMF expressed as an increase in banana biomass
compared to the control treatment was observed in root fresh as well as shoot dry weights.
However, the impact of AMF colonization in intercropping systems on R. similis did not confirm its
bioprotective effect. Intercropping had a significant (P < .05) effect on R. similis and sweet potato
has been shown to be more effective in controlling R. similis with 62% reduction compared to
groundnut (24% reduction). Contrarily, banana plant growth decreased in the banana / sweet
potato combination.

Conclusion: Findings in this study indicate that R. similis biological control in the banana

intercropping system is more dependent on the intercrop species than on AMF.

Keywords; AMF; banana; groundnut; intercropping; Radopholus similis; sweet potato.

1. INTRODUCTION

Banana (Musa spp.) is the main fruit in
international trade and plays a key role in the
economics of many developing countries. It is
also a major staple food for millions of people in
sub-Saharan Africa. However, its production
faces many constraints among which are
nematodes. Nematodes have been reported
as a major constraint in banana
production [1]. They destroy roots and corm
tissues, reducing the capacity of the plant to
absorb water and nutrients from the soil.
Secondary infection of damaged tissues by fungi
and bacteria is possible resulting in the extension
of the vegetative growth cycle, the production
of small bunches, a reduced life span of the
production unit and toppling of plants particularly
during windstorms and heavy rain periods [2,3].
Amongst nematodes, Radopholus similis, the
burrowing nematode, is the most devastating
pest of banana around the world [4].

Presently, nematodes are mostly controlled with
nematicides [5]. However, several of these
chemicals have been withdrawn from the market
in the last few decades due to environmental and
human health concerns [6]. Moreover, the
widespread use of chemical pesticides against
nematodes and other pathogens increased their
resistance to pesticides, whereas their natural
enemies have been Kkilled in large numbers [7].
The consumer demand for safer food has forced
farmers to reduce the use of pesticides. This has
encouraged the development of alternative

control measures such as corm paring, fallow,
the use of resistant cultivars and the use of clean
planting material [8]. The application of biocontrol
microorganisms such as arbuscular mycorrhoizal
fungi (AMF) is another option that has gave
promising results. The positive effects of AMF in
controlling crop pests have been demonstrated in
several studies [9,10]. Regarding banana
nematodes, several studies have reported a
decrease in population of nematodes in the
presence of AMF [11-15]. In addition. AMF
improved plant resistance to abiotic stresses and
plant nutrition [16].

Another mechanism involved in disease control
is allelopathic suppression of soil-borne
pathogens mediated by root exudates [17,18].
Therefore, intercropping with special emphasis
on root exudate-mediated effects can be one
strategy to control nematodes in sustainable
agriculture [19]. Many authors have reported the

beneficial effect of intercropping for pest
management particularly the control of
nematodes. Intercropping banana with cover

plants such as Crotalaria sp (Fabaceae),
Tagetes sp (Asteraceae) and Mucuna sp
(Fabaceae) have often been reported to reduce
nematode populations by their ability to exude
nematotoxic  substances (deshydrolizidine,
alpha-thiernyl, L-3.4- dihydroxyphenylalanine,
respectively) into the soil [20,21]. Much of the
banana production is done by smallholder
subsistence farmers, with up to 87% of the world
bananas being produced in these farming
systems and consumed locally [22]. However,
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due to declining land sizes and food security
needs, intercropping banana with non-food crops
is not beneficial for small scale farmers with
respect to nematode control. These farmers
mostly intercrop banana with food crops and in
the case of Cameroon, groundnut and sweet
potato are regularly found as intercrops in most
of the banana-based cropping systems. Thus,
there is need to investigate the impact of these
crops on nematode control in banana
intercropping systems.

Cultural and biological treatments tested in
controlled or field environments are not always
conclusive for the control of plant parasitic
nematodes. However, when used in combination,
they may contribute to the management of
nematodes under a more environmentally
friendly strategy [23]. The combination of the
intercropping system and AMF inoculation could
thus represent an interesting option to control
nematodes in banana. Our work is focused on
Musa accuminata Colla cv. Grande Naine
intercropped with sweet potato (Ipomoea batatas
(L) Lam cv TiB1) and groundnut (Arachis
hypogaea L. cv A26) in combination with an AMF
(Rhizophagus irregularis (Blaszk. Wubet. Renker
& Buscot) C. Walker & A. SchiuBler comb. Nov.
MUCL 41833) inoculation. We hypothesized that
the intercrop species can have negative, positive
or neutral effects on AMF and Radopholus simils.

The study aims at investigating the combination
of an AMF with intercropping on R. similis
infestations of banana (Grande Naine) plantlets
grown under greenhouse conditions.

2. MATERIALS AND METHODS
2.1 Planting Material

Musa accuminata. cv. Grande Naine was used in
the trial and the planting material was obtained
by in vivo macropropagation using the method
described by [24]. Sweet potato (Ipomoea
batatas (L) Lam cv TiB1) tubers and groundnut
(Arachis hypogaea L. cv A26) seeds were
provided by the National Institute of Agronomic
Research for Development (IRAD), Njombe.
These cultivars were chosen based on their
adaptation to most of the agro-ecological zones
of Cameroon. The tubers were surface sterilized
with 70% ethanol, rinsed several times with
sterilized distiled water and germinated on
sterilized (121°C for 60 min) sand. Plantlets were
obtained after 8 weeks of culture. They were
then separated from the growing tubers and their
height was homogenized for about 10 cm by

cutting the plantlet apex. Healthy peanut seeds
were carefully rinsed under running water, then
surface sterilized with 65% sodium hypochlorite
solution for 10 minutes. They were then rinsed in
sterilized (121°C for 15 min) distilled water and
further pre-germinated in 90 mm Petri dishes on
humidified blotting paper.

2.2 Microbial Material

The AMF strain used was Rhizophagus
irregularis (Blaszk. Wubet. Renker & Buscot) C.
Walker & A. SchiRRler comb. Nov. MUCL 41833
(http://www.mycorrhiza.be/ginco-bel/index.php)
and was provided by GINCO. The inoculum
consisted of a mixture of spores, hyphae and
colonized leek roots (0.5 cm length). The
concentration was about 120 propagules.g™ of
inoculum.

The population of nematodes Radopholus similis
used in this study were originally isolated from
banana cv. Grande Naine roots from plantations
at Centre Africain de Recherche sur les
Bananiers et Plantains (CARBAP) station
Njombe. Nematode extraction from infested roots
was performed according to the methods
described by [25]. The inoculum multiplication
was performed on banana cv. Grande Naine
plants obtained from in vivo macropropagation
[24]. The plants were transplanted to pots
containing 3 kg of sterile (2xlhour at 121°C)
sand/coffee ash (proportion 1:2 v/v) substrate
after one month of acclimatization. For
inoculation, three holes were perforated into the
substrate close to the plant roots and 2000
(juveniles and adults) R. similis were inoculated
per plant. The inoculated plants were grown for
three months in the greenhouse. After this
period, the nematodes were extracted from the
banana roots according to the method described
by [25]. One ml tubes were prepared with 200
nematodes in sterile distilled water.

2.3 Plant Bioassay

The experiment was conducted under
greenhouse conditions (photoperiod 12 h,
average temperature 24 - 28°C and 70 - 80%
relative humidity) in boxes (30 x 15 x 10 cm). The
plants were cultivated as an intercropping culture
system with the following plant combinations:
banana-banana, banana-groundnut and banana-
sweet potato (Fig. 1). The experimental set-up
was a completely randomized design comprising
four treatments and six replicates: (1): Nematode
(Nema), (2) AMF, (3) AMF+Nema and (4) control
without nematode and without AMF. The number
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of banana plants was 2 in monoculture. The
ration of banana: intercrop was 1:1 in the
intercropping treatment. The plants were
separated by a distance of 20 cm in each dual
system, giving a total of 72 boxes in the
experimental set-up.

Banana plantlets were weaned in 125 ml pots
containing  sterilized (2xlhour at 121°C)
sand/coffee ash substrate (proportion 1:2 v/v).
Two weeks after weaning, plants were
transferred into boxes and inoculated with AMF.
For the AMF treatments, 24 grams of inoculum
(2880 propagules) were spread as a layer
between two layers of sterilized substrate in each
box before plants were transferred from pots into
the boxes. At the same time, pre-germinated
seeds of groundnut and potato vines were
sown.

Four weeks after AMF inoculation, nematodes
were introduced in the holes (2cm depth) made
between the two plants in nematode treatments.
5 ml aliquot that contains 1000 nematodes
(juveniles and adults) were inoculated per plant
combination with a syringe. Plants were not
watered for 24 h to ensure that the nematodes
were not washed away. The plants were fertilized
with 2g of NPK (10-11-18) per box two weeks
after transplanting and were watered when
needed.

2.4 Data Collection

After sixteen weeks of growth in boxes (twelve
weeks after nematode inoculation), the plants
were gently removed from the substrate and
washed thoroughly under tap water. For the

banana-banana combination the one plant was
used for variable assessment.

2.4.1 Growth variables

The root fresh weight was determined after
sampling. Also, the shoot's dry weight was
determined after drying the leaves. pseudostem
and the corm for 72 hours at 70°C in an oven.

2.4.2 AMF root colonization

Mycorrhizal root colonization was evaluated
twice on root subsamples: (1) 4 weeks following
transplant into boxes (that is at the time of
nematode inoculation) and (2) at harvest (16
weeks after transplant into boxes). Roots were
soaked overnight in 10% KOH at room
temperature. They were washed several times
with deionized water and soaked in alkaline (3.5
% H,0,) for 30 minutes [26]. The roots were
subsequently stained at room temperature
for 45 min with a solution of blue
ink (Parker” Quink®) diluted in 1 % HCI at 1:50
proportions [27]. Root colonization was assessed
according to the method of [28] to determine the
percentage of arbuscules, vesicles/ spores and
hyphae.

2.4.3 Nematodes assessment

The root necrosis index (RNI) was assessed
using five randomly selected functional primary
roots from each sample as described by [24].
Nematode extraction was done by the

maceration and sieving method [25] of 50 g sub-
sample. R. similis counts were determined as the
number of nematodes (juveniles and adults) per
50 g fresh root weight.

Fig. 1. Plant combination in different cropping systems: A: Banana-Banana;
B: Banana-Groundnut; C: Banana-Sweet potato
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2.4.4 Data analysis

The data were normalized prior to statistical
analysis. The data for nematodes were log(x + 1)
transformed, while root colonization by the AMF
(% arbuscules. % vesicles and % hyphae) were
arcsine (x /100) transformed. Data were
analyzed by two way ANOVA and the Tuckey’s
test was used to identify significant differences (P
< 0.05) between treatments. All statistical
analyses were performed with STATISTICA
(Statsoft. 2001) software.

3. RESULTS AND DISCUSSION

3.1 Results

3.1.1 AMF root colonization of banana plants
and intercrops

The cropping system significantly influenced the
AMF colonization levels of banana plants (P <
.05) (Fig. 2). Banana plants intercropped with
groundnut and sweet potato showed higher root
colonization levels than banana monocropping.
The hyphae colonization was 37 % and 39%
higher respectively, for banana-groundnut and
banana-sweet potato combinations compared to
Banana monocropping. Similarly, the increments
of arbuscule colonization were 50% and 48%
respectively, for banana-groundnut and banana-
sweet potato combinations compared to banana
monocropping. Vesicle colonization followed the
same trend. However, no significant difference
was observed between banana-groundnut
and banana-sweet potato combinations. The

presence of nematodes in banana plants
inoculated with AMF did not affect hyphae,
arbuscules and vesicles/spores colonization.
However, no significant difference was observed

between AMF and AMF+Nema treatments
(Fig. 2). Plants of the control and Nema
treatments were also checked for AM

colonization but did not show any presence of
AMF.

Root colonization of groundnut and sweet potato
was noticed in the presence as well as in
absence of nematodes (Table 1). However, no
significant differences were observed in the
hyphae, arbuscules and vesicles between the
treatments and between the intercrops (Table 1).

3.1.2 Nematode infestation of banana plants
and intercrops

Nematode infestation (the number of nematodes
in 50g of fresh root) and root necrosis index
(RNI) are presented in Table 2. Nematode
population density and RNI were reduced by
AMF inoculation. The number of nematodes was
2880+£352 and 2267+159 respectively, for Nema
and AMF+ Nema treatments in the banana
monocropping, 2103+271 and 1833+74
respectively, for Nema and AMF + Nema
treatments in the banana-groundnut combination
and 1052+131 and 888+203 respectively, for
Nema and AMF + Nema treatments in the
banana-sweet potato combination. However, the
post-hoc analysis (Tukey Test) revealed that this
reduction was not significant. RNI was also
decreased by AMF inoculation although the
reduction was not significant (P > .05) (Table 2).

Table 1. AMF root colonization (%) of groundnut and sweet potato under different intercropping
systems

AMF root colonization (%)

Hyphae

Arbuscules

Vesicles/spores

Intercrops AMF AMF+Nema

AMF

AMF+Nema AMF AMF+Nema

Banana-Groundnut 52.66+2.64a 50.33+1.78a

33.66+1.90a 30.00+9.00a
Banana-Sweet potato  46.22+1.54a 43.66% 7.11a 30.10+2.08a 27.55+ 5.07a

26.66+8.47a 20.67+5.66a
22.88+2.70a 20.33%7.11a

AMF: Arbuscular mycorrhiza fungi, Nema: Nematode. Values (meanzS.E.) followed by the same letter in the same column are
not significantly different according to Tukey test at a probability threshold of 5%.

Table 2. Root necrosis index (RNI) and nematode population density of banana under different
intercropping systems

Culture combination Nematode population density RNI (%)

Nema AMF+Nema Nem AMF+Nema
Banana-Banana 2880+352a (A) 2267+159a (A) 17.97 14.10
Banana-Groundnut 2103+271a (A) 1833+74a (A) 13.12 11.20
Banana-Sweet potato 1052+131a (B) 888+203a (B) 6.56 5.25

AMF: Arbuscular mycorrhiza fungi, Nema: Nematode. Valu

es (meanzS.E.) followed by the same letter are not significantly

different according to Tukey test at a probability threshold of 5%; capital letters in the same column and small letters in the
same line
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Fig. 2. AMF root colonization (%) of banana plants under different intercropping systems:
A: Hyphae. B: Arbuscules. C: Vesicles/spores. AMF: Arbuscular mycorrhiza fungi, Nema:
Nematode. Values (mean+S.E.) followed by the same letter are not significantly

different according to Tukey test at a probability threshold of 5%
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The cropping system significantly affects the
nematode infestation of banana plants. The
number of nematodes was 24% and 62% less
respectively, for banana-groundnut and banana-
sweet potato compared to banana-banana
cropping system. With respect to RNI, the
reduction was 24% and 63% respectively in
banana-groundnut and banana-sweet potato
compared to banana-banana cropping systems.
Although banana-groundnut system reduces the
nematode infestation compared to banana-
banana system, no significant difference was
observed (P > .05). Contrarily, the banana-sweet
potato system significantly lowered nematode
number and RNI compared to banana-banana
and banana-groundnut systems (Table 2).

R. similis was found in the roots of groundnut
and sweet potato in the intercropping systems in
the presence or absence of AMF inoculation
(Table 3), suggesting that these crops are
possible host plants. The number of nematodes
in groundnut roots was 687+111 and 590+85
respectively, for Nema and AMF + Nema
treatments whereas in sweet potato it was 9340
and 38122 respectively, for Nema and AMF +
Nema treatments. AMF inoculation did not
significantly decrease the number of nematodes
in the two intercrops. On the contrary, the
intercrop species showed a significant difference
in number of nematodes with the less colonized
roots of sweet potato (Table 3).

3.1.3 Plant growth parameters

The root fresh weight (RFW) of banana plants
from the different intercropping combinations is

shown in Table 4. RFW was significantly affected
by treatments and intercropping combinations (P
< .05). The treatment had in each plant
combination a significant influence on root fresh
weight. AMF and AMF+Nema treatments
significantly increased RFW (27.5% and 23.5%
increment, respectively) compared to the control
and Nema treatments independent of plant
combination. Contrarily, Nema did not affect
RFW compared to the control. However, no
difference was observed between AMF and
AMF+Nem. The plant combination had in each
treatment a significant effect on banana RFW.
The highest RFW was obtained in banana-
groundnut combinations  with  76.16+7.60,
117.50+8.35, 90.61+9.66 and 107.40+6.44 for
control, AMF, Nema and AMF+Nema treatments,
respectively (Table 4).

Shoot dry weight (SDW) of banana plants from
the different intercropping combinations is shown
in Table 5. SDW of the banana plants was
significantly increased in AMF and AMF+Nema
treatments while no effect was noticed in the
Nema treatment compared to the control.
Banana-sweet potato intercropping significantly
decreased the SDW of banana plants than
banana-banana and banana-groundnut
combinations independent of the treatments. The
highest SDW was observed in banana-groundnut
intercropping.

3.2 Discussion

AMF symbiosis with its bio-fertilizing and bio-
pesticidal aspects is of great interest especially in

Table 3. Nematode population density of intercrops under different intercropping systems

Nematode population density (per 50g fresh root)

Treatments
Intercrops Nema AMF+Nema
Groundnut 687+111a (A) 590+85a (A)
Sweet potato 93+40a (B) 38+22a (B)

AMF: Arbuscular mycorrhiza fungi, Nema: Nematode. Values (meanzS.E.) followed by the same letter are not significantly
different according to Tukey test at a probability threshold of 5%; capital letters in the same column and small letters in the
same line

Table 4. Root fresh weight (g) of banana plants grown under different intercropping systems

Intercropping systems Treatments P-value
Control AMF Nema AMF+Nema
Banana-Banana 70.16+4.56ab (AB) 80.30+5.47a (B) 58.19+3.06b (AB) 76.11+4.34a (B) P =0.006
Banana-Groundnut 90.61+9.66ab (A) 117.50+8.35a (A) 76.16+7.60b (A)  107.40+6.44a (A) P =0.004
Banana-Sweet potato 56.04+5.75ab (B) 75.84+7.00a (B) 47.40+3.65b (B) 75.22+5.48a (B) P =0.001

P-value P =0.005 P =0.0002

P =0.004 P =0.0001

AMF: Arbuscular mycorrhiza fungi, Nema: Nematode. Values (mean+S.E.) followed by the same letter are not significantly different
according to Tukey test at a probability threshold of 5%; capital letters in the same column and small letters in the same line
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Table 5. Shoot dry weights (in grams) of banana plants grown under different intercropping

systems
Intercropping Treatment P-value
systems Control AMF Nema AMF+Nema
Banana-Banana 21.77+1.45b (A) 36.78+2.59a (A) 19.79+1.32b (A) 30.63t2.27a(A) p=0.0001
Banana-Groudnut 25.41+1.62b (A) 38.28t1.51a (A) 23.10+1.47b (A) 34.29+1.63a(A) p=0.0001
Banana-Sweet potato  16.31+0.92b (B) 27.63+1.45a (B) 14.83+0.84b (B) 20.03+2.18b(B) p=0.0001

P-value p=0.0001 p=0.0006

p=0.0001 p=0.0001

AMF: Arbuscular mycorrhiza fungi, Nema: Nematode. Values (meanzS.E.) followed by the same letter are not significantly
different according to Tukey test at a probability threshold of 5%; capital letters in the same column and small letters in the
same line

the context of sustainable agriculture. The
present study investigated the interaction of
intercropping and AMF inoculation to control
nematodes and enhance the  growth
of banana in a greenhouse. As far as root
colonization of banana is concerned, this was
clearly affected by the intercropping. An increase
in the colonization rate of about 25% was
observed in banana co-cultivated with groundnut
or sweet potato than banana-banana
combinations. This increase is probably due to
the rapid establishment of the mycelial network.
Indeed, groundnut and sweet potato being
annual crops with life cycles varying between 3
and 4 months easily develop their root systems
during the first month. Also, these intercrops are
mycotrophic and therefore contribute effectively
to the rapid development of mycelial networks,
which apart from spores and root fragments, the
mycelial is of high significance in AMF
colonization of the newly developed roots [29].
The well-established AM symbiosis in groundnut
and sweet potato thus stimulated the colonization
of banana plants in the intercropping systems.
Similar findings were obtained by [30] on wheat
intercropped with faba bean. The presence of R.
similis does not influence root colonization by
AMF in banana as well as in intercrops. Thus,
no significant reduction in hyphae, arbuscules
and vesicles was observed in mycorrhized
banana plants and intercrops. Similar results
have been reported on banana plants
mycorrhized in the presence of Meloidogyne
incognita, Pratylenchus coffeae, Pratylenchus
goodeyi and R. similis in vitro and in the
greenhouse [11,13,12,14]. Although R. irregularis
and R. similis cohabit the same ecological niche,
they may not have the same infection site. R.
irregularis infects very fine roots (tertiary and
rarely primary and secondary) while R. similis
prefers large primary roots [31]. Contrastingly,
[32]'s meta-analysis in 2005 showed that AMF
colonization was reduced by ectoparasitic,
migratory  endoparasitic and sedentary
endoparasitic nematodes. [33] concluded that
AMF colonization might be suppressed by plant

parasitic nematodes depending on the AMF
species.

The assessment of the impact of AMF
colonization in intercropping systems on R.
similis did not confirm its bioprotective effect. The
reduction of R. similis in banana roots was not
significant (P < 0.05) whatever the plant
combination. Our results were not concordant
with those reported by [21] and [14]. These
authors used the nylon mesh to separate the
belowground parts of each plant in the
intercropping system to avoid root interactions.
Only haphae was able to spread from one
compartment to the other. In our case, no nylon
mesh was used as in the natural environment
allowing the strong interaction of the two root
systems. This might facilitate the infection of
newly formed roots by R. similis from old infested
roots, thus AMF was not able to significantly
reduce R. similis in the intercropping system.
However, intercropping has a significant effect on
nematodes at the roots of banana. This effect is
a function of the intercrop species. Sweet potato
has been shown to be more effective in
controlling R. similis compared to groundnut. The
sweet potato could therefore be considered a
poor host and the groundnut an intermediate
host [21]. The reduction of R. similis in the
presence of sweet potato would evoke the
phenomenon of allelopathy.

On the other hand, in groundnuts the
phenomenon of diversification of food resources
for the pathogen may be the cause of the
reduction of R. similis in the roots of the banana
plant. Previous studies on the value of
intercropping for sustainable pest control have
found mixed and sometimes conflicting results
reflecting the complex and variable nature of
associational resistance and susceptibility [19].
[34] observed that the bio-protective effects of
AMF were clearly present in the good and
intermediate hosts of R. similis with moderate to
high relative mycorrhizal dependency but absent
in sweet potato which is an intermediate of R.
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similis with a negative relative mycorrhizal
dependency as well as in a poor and non-host
of R.  similis. They concluded that the
bioprotective effect of AMF on R. similis depends
on the host level and the relative mycorrhizal
dependency level (low, moderate or high).

RFW and SDW of banana were impacted by
AMF as well as intercrop species. Banana SDW
was increased when associated with AMF in the
absence as well as in the presence of the
nematodes independent of the intercropping
combinations. The increase in SDW has been
reported in many studies and often attributed to
the higher supply of water, phosphorus and other
nutrients with low mobility such as ammonium,
potassium, copper, iron, sulfur, molybdenum or
zinc [35]. In addition, AMF is able to extend the
absorbing network beyond the nutrient depletion
zones of the rhizosphere allowing access to a
larger volume of soil [36]. However, the increase
in SDW was not followed by an increase in RFW.
The RFW of the banana plants was significantly
decreased in NEMA treatment compared to
control independent of the intercropping
combination. This is probably due to the feeding
of nematodes on the roots which reduces their
growth and biomass production [37,8].
Interestingly, an increment of 23.28%, 37% and
37% in RFW for banana-banana, banana-
groundnut and banana-sweet potato
combinations (respectively) was obtained when
AMF was co-inoculated with NEM.

The most striking was the reduction of banana
plant growth in the banana-sweet potato
combination by 28% and 11% for shoot and root
loss respectively compared to the banana-
banana system [38] stated that intercropping
using species with high biomass production
reduced crop productivity. In addition, banana
and sweet potato are highly demanded
potassium and nitrogen and they may compete
for these elements [39]. Contrarily, groundnut
shows no negative effects on the growth of
banana plants in the banana-groundnut system
compared to banana-banana combinations. In
recent years, legume intercropping has been
documented as an advantageous crop
production system and several legume-based
intercropping systems are known to be very
productive and efficient evoking its facilitative
effect in the system. An important example in
relation to intercropping involves facilitative
interactions between legumes and non-legumes
that can contribute to higher nutrient uptake in
intercrops as compared to sole crops resulting in
high land equivalent ratio [40].

In a wide view, intercropping is dependent upon
crop competition for light, water and nutrients or
allelopathic effects that may affect yield. In order
to limit this problem, crop species should be
selected in such a way that they show
complementarity or mutual sharing of nutrients,
light and water in order to record the advantages
of intercropping [41,42].

4. CONCLUSION

In this study, we demonstrated that banana
intercropped  with  different species shows
beneficial effects on AMF root colonization which
is of great interest in plant communities.
However, the control of R. similis in the
intercropping system is more dependent on the
intercrop species than AMF inoculation. Although
sweet potato has efficiently controlled R. similis
in banana-sweet potato intercropping, no
benefits were observed in banana plant growth.
This suggests that this species could be used in
a crop rotation system to control nematodes in
the soil rather than in an intercropping system
with this species.
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