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ABSTRACT

The difficulties of nurserymen and producers of plantains in Cote d’lvoire are the high mortality rate
of seedlings and the delays of growth in the field. The aim of this study is to improve quality and
agronomic performance of plantain seedlings produced by PIF technique (plantain seedlings
production based on macropropagation). The plantain shoot bulbs were inoculated before being
placed in the germinator and seedlings from germinator were inoculated again during the weaning
phase at nursery with AMFs (Rhizophagus intraradices). Root mycorrhizal colonization, growth
parameters such as girth, height, total leaf area, biomass and entry into production were measured
in nursery and on the field. The results showed that the root colonization rate of the plants
inoculated with R. intraradices inoculum was higher (30.59%) than that of the native arbuscular
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mycorrhizal fungi (2.78%). All inoculated plants survived while non-inoculated plants had 27.69% of
mortality rate. Inoculated plants had higher growth than non-inoculated plants. The organs of
inoculated plants also had higher biomass than non-inoculated plants. Eleven months after
planting, nearly 50% of the inoculated plants had started production, while only 5.67% of the non-
inoculated plants had started production. Mycorrhization improved the vigor and vegetative growth
of plantain seedlings. It could therefore be used as a solution for a sustainable plantain culture.

Keywords: Plantain; seedlings; growth; Rhizophagus intraradices; mycorrhizal inoculation.

1. INTRODUCTION

Plantain (Musa spp.) is a widely consumed
product in Central and West Africa [1], helping to
alleviate the problems of famine and food
insecurity in this part of the world. Its cultivation
generates permanent income for a large number
of farmers. In terms of world production, plantain
remains a marginal crop, notably because of the
unavailability of good quality seeds and the
frequent use of poor rejects [2]. Particularly in
Céte d'lvoire, plantain is of great importance in
terms of local consumption, but also in cropping
systems [3] where it is an essential link in
agroforestry cropping techniques because of it
provides shade. With an estimated average
annual production of 1,883,063 tonnes in 2018
[4], for a local consumption varying between 80
and 120 kg per year and per capita, plantain is
the 3rd most important food crop in Cote d'lvoire,
after yam and cassava [5]. Despite its
importance, production remains low to cover the
needs of the ever-growing population. Indeed,
plantain farms are insufficient due to the lack of
good quality seeds, pest pressure, and high
mortality of banana seedlings [6].

All these problems hamper the efforts and
remuneration of farmers, leading to
discouragement. To overcome these difficulties,
the PIF technique is increasingly used by
nurserymen and plantain producers in Cobte
d'lvoire [7]. The PIF is a technique for plantain
seedlings production based on
macropropagation developed by CARBAP
(African Center for Research on Bananas and
Plantain). PIF acronyms translates to “seedlings
resulting from stem fragments” [8,9]. However,
this technology, implemented in rural areas, is
confronted with pest and disease attacks. This
causes many difficulties, the most important of
which are high rates of morbidity and mortality of
seedlings, and delays in vegetative growth of
seedlings in field. Combating these difficulties too
often requires the use of synthetic nematicides or
fungicides. These products are expensive and
environmentally damaging [10]. Thus, in the

context of developing sustainable agriculture, it is
necessary to consider environmentally friendly
alternatives such as mycorrhizal inoculation.
Indeed, described as bio-stimulators of plant
growth and bio-protectors, mycorrhiza promote
plant growth, particularly in soils lacking mineral
elements [11]. In West Africa this inoculation
technology is proving to be an alternative
solution. Several countries, notably Senegal,
Niger and Mali, have carried out pilot field trials.
This technology has improved the productivity of
soybean in Senegal [12]. In Cbte d'lvoire,
mycorrhization technology has shown promising
results on different food crops such as plantain
[13], and cassava [14]. In this study, the
improvement of plantain seedlings from PIF
technique by mycorrhizal inoculation and their
growth in the field were evaluated through the
production of vigorous mycorrhized seedlings,
the assessment of their growth performance
under field conditions, the survival rate and their
ability to be earlier in production.

2. MATERIALS AND METHODS

2.1 Climatological
Study Area

Description of the

The field experiment was carried out in Gonate,
located 22 kilometres from the department of
Daloa in the Haut-Sassandra region (center-west
of Coéte d'lvoire), The department of Daloa is
located between 6°53'58" N latitude and
6°26'32"W longitude. The climate is humid
equatorial, with two wet and two dry seasons.
The dry and wet seasons alternate with
temperatures ranging from 24.65°C to 27.75°C
on average [15]. Average annual rainfall is
1120.4 mm per year, [16].

2.2 Construction of Germinators for the
Production of Plantain Seedlings

Ten germinators, each measuring 10 m x 1.5 m
x 0.23 m (length x width x depth), were used.
Five of the germinators were used for the
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production of inoculated seedlings and the other
five for the production of non-inoculated
seedlings. The inside of the germinators was
lined with cement and each germinator was filled
with substrate (sawdust). In the nursery, the
substrate used was white sawdust mixed with
decomposed coffee parchment at the ratio of 1:1.

2.3 Sowing of Germinators and Seedlings
Production Process

Each germinator was sown with 300 explants
(plantain shoots) of the Big-Ebanga variety. The
plantlets were obtained using the PIF technique
[8] modified at the incision stage. The plantain
shoots were inoculated, after the cross-incision
step, by coating the bulbs with an inoculum of
mycorrhizal fungi before being sown into the
germinators. The mycorrhizal fungus inoculum
consisted of propagules of the mycorrhizal
fungus (Rhizophagus intraradices) contained in a
mixture of vermiculite + clay (1:1). The number of
propagules was estimated at 220 spores per 10
g of inoculum. This R. intraradices was isolated
from the rhizosphere of plantain in Bouafle region
(middle-west, Cbéte d'lvoire) and then multiplied
on sterile substrate using cowpea (Vigna
unguiculata) plants as trap plant. This treatment
constitutes the first phase of mycorrhizal
inoculation. In contrast for non-inoculated
germinators, the plantain shoot bulbs were
directly sown into the germinators after incision
without inoculation with any other product.
Watering of the germinator took place every two
days, and from the second week the first
seedlings started to appear until the end of the
germinator production cycle, three months later.

2.4 Nursery Placement of Seedlings

Seedlings with height of 5 to 7 cm at 3-leave
stage were sprouting out from the germinators
and placed in bagged nurseries under shade. In
the nursery, the substrate used was white
sawdust mixed with decomposed coffee
parchment in the proportion of 1:1. The seedlings
were kept in the nursery for 120 days.

2.5Inoculation Process of Seedlings in
Nursery

The second phase of inoculation consisted of
adding inoculum (Rhizophagus intraradices at a
rate of 10 g per plant in the nursery from the
already inoculated germinators. The seedlings
from the non-inoculated germinators did not

receive any inoculum. After 120 days in the
nursery seedlings was taken to the field for
planting.

2.6 Setting Up the Experimental Plots

The field experiment was set up on a plot of a
two-year fallow land. This fallow land was mainly
colonised by Chromolaena odorata (Asteraceae),
Pueraria spp. (Fabaceae) and Panicum spp.
(Poaceae). After clearing with a machete and
drying the plant cover on site, a hoe ploughing
was carried out. Two experimental plots of 1000
m? each and 50 m apart were established.
Staking (2 m x 2 m) and digging (50 cm x 50 cm
x 50 cm) according to the method of [17] were
carried out. In order to obtain an experimental
surface centered in the defined plot (1000 m2)
with a stacking density of 2mX2m, one of the
plots received 200 mycorrhizal plants and the
other 200 non-mycorrhizal plants. The
maintenance of the plots throughout the
experiment consisted of manual weeding without
the use of phytochemicals.

2.7 Assessment of
Development

Mycorrhizal

For assessment of root colonization by AMFs,
fine plantain roots were sampled at the end of
nursery then 14 weeks after planting, each time
with three replicates per treatment. Each
treatment contained three plants. Indeed, these
14 weeks were observed in order to evaluate the
capacity of the inoculated fungus to develop in
the field's agroecological constraints. Roots were
rinsed and cut into 1-2 cm fragments. These
roots fragments were cleared by boiling in 10%
(w/v) KOH and stained with 0.05% (v/v) trypan
blue in lactoglycerol [18]. Ten pieces of roots per
plant were placed in glycerol (50%) between
slide and coverslip [19] and observed under an
optical microscope and colonized roots were
evaluated [20].
2.8 Assessment Growth
Parameters

Vegetative

The seedlings were brought to the field in
November and growth measurements were
taken in November, December, January,
February and March which correspond to a dry
season in Daloa region. The different growth
parameters, i.e. plant height, pseudo-trunk
circumference, leaf area and dry biomass, were
assessed when the seedlings were taken out of
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the germinators (when they were placed in the
nursery) and then every 15 days for the first 14
weeks of their transport to the field. The
seedlings were transported to the field after 120
days in the nursery. The number of plants in
production at 11 months of cultivation was then
recorded. For the measurements, plants in the
first two rows on the sides of each plot were
avoided. From the third row onwards, 20 plants
were randomly selected for the measurements.
The height was estimated from the base of the
bulb to the point of intersection of the last two
unrolled leaves. The circumference was taken at
the mid-length of the pseudo-stem, while the leaf
area (S) was calculated according to the formula
S_Lxl x082 XN x0.662, where L and | are
the length and width of the last leaf emitted,
respectively, 0.80 is the leaf area index, N is the
total number of leaves and 0.662 is the
coefficient proposed by Kumar [21].

The fresh and dry biomass of above-ground and
below-ground parts were also determined at
week 14 by the destructive method. For plants
per treatment were removed from the soil with
their roots. Weighing of the underground stem
and attached roots, pseudostem and leaves was
carried out first in the fresh state and then after
10 days of oven drying at 50°C (i.e. until the
measured dry weight did not change).

2.9 Assessment of Mycorrhization Impact
on the Ability of Plantain Plants to
Initiate Production

The number of plants in production was
estimated in relation to the number of plants still
alive. From the installation of the fields, the
number of dead plants per treatment was noted.
Thus, the survival rate at 11 months of
experimentation was determined according to the
following formula:

. Number of growing plants
Survival rate = —— - * 100
Initial number of seedlings

Then the rate of plants in production was
determined according to the following formula:
Number of plants in production

Rate of plants i duction = 100
ate of plants in procuction Number of growing plants *

2.10 Statistical Analysis of the Data

The vegetative growth parameters (height,
circumference of pseudo-stem, leaf area) data
were subjected R-4.0.3. at 5% level. Then the
Welch's t-test was used to evaluate the effect of

mycorhization on the agronomic parameters of
the studied plants. The Welch's t-test (which is a
variant of Student's t-test) was used here for two
reasons. First, because we have two
independent sample groups and second,
because these groups do not follow a normal
distribution and have different variances.

Mycorrhizal colonization and biomass data were
subjected to ANOVA with STATISTICA 8.0.550.
Tukey HSD test was wused for post-hoc
comparisons to determine differences between
means within and among treatments. Differences
were considered significant at p <.05.

3. RESULTS AND DISCUSSION

3.1 Plantain Root Colonization

Mycorrhizal colonization of plantain root at the
end of nursery and 14 weeks after planting is
shown in Table 1. The data presented revealed
that after 120 days in nursery, the seedlings from
the germinators that received mycorrhizal
inoculum showed 33.27% mycorrhizal
colonization. No inoculated structure was noted
in the plants from the non-inoculated
germinators. After 14 weeks in plantation, the
inoculated plants showed 30.59% mycorrhizal
colonization compared to 2.78% for the non-
inoculated plants.

Controlled inoculation in the germinators and
then in the nursery favoured an important
colonization of the roots of the plantain
seedlings, first in the nursery and then after 14
weeks in the plantation. This confirms that
plantain plants are highly mycotrophic [22,23].
The roots of inoculated plants contain abundant
and essentially the structures of the strain
constituting  the  inoculum  (Rhizophagus
intraradices isolated from the rhizosphere of
plantain). Which confirms the efficiency of this
strain on plantains. Whereas non-inoculated
plants with roots free of mycorrhizal structures at
the nursery exit were colonized in planting by the
native mycorrhizal strains. However, these
colonization levels are low because of adversity
from other soil organisms that struggle to
penetrate the roots as well. Indeed, native AMFs
whose propagules are in lower concentrations
relative to the inoculum would compete with
other soil fungi and nematodes for root
colonization [24]. This competition would have
negative effects on colonization rates when
mycorrhization is not previously installed [14].
Mycorrhizal inoculation under controlled nursery
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conditions of plantain seedlings therefore favours
high colonization rates with the corollary of a
better impact on seedling development in
plantation [25].

3.2 Effects of Mycorrhizal Inoculation on
Plantain Seedlings Growth

The inoculated plants showed the largest sizes
compared to the non-inoculated plants (Fig. 1).
Rapid growth in height of mychorrhized plants
was noted during the 120-day nursery while for
non-mycorhized plants, the growth in height was
slower. In the field, this agronomic parameter
continued to increase quite rapidly with
inoculated plants until the fourteenth week, while
for non-inoculated plants this growth is rather
slow.

The leaves of the mychorrhized plants were
larger than those of the non-mycorrhized

plants (Fig. 2). A significant increase in
leaf area of the mychorized plants is noted
during 120 days of nursery, while for non-
mycorized plants the leaf area evolved
weakly. Also in the field, the leaf area
continued to increase rapidly with inoculated
plants until the fourteenth week, while for non-
inoculated plants the increase in leaf area is
slower.

Inoculated plants showed larger pseudo-stem
circumference compared to non-inoculated
plants (Fig. 3). A drastic increase in seedling
circumference, which is much more remarkable
in inoculated seedlings, was observed in the
nursery (120 days). In plantation, the pseudo-
stem circumference of plantain plants increased
continuously for these plants until the fourteenth
week, while in non-inoculated plants, a constant
decrease was noticed after a slight peak at the
fourth week.

Table 1. Mycorrhizal colonization of plantain root at the end of nursery and 14 weeks after
planting

Traitments Mycorrhizal colonization at Mycorrhizal colonization
end of Nursery (%) Week 14 at field (%)

Non-inoculated plants - 2.78°+ 0.33

Inoculated plants 33.27°+4.3 30.59% + 5.66

p 0.024

F 4.544

+ indicate the standard deviation

40 -
35 A
30 A
25 A
20 A
15 A

Plant height (cm)

date date

Nursery Fielding Week2 Week4 Week 6 Week 8 Week 10Week 12Week 14

Planting period

—&—Mycorrhizal plants

—O—Non-mycorrhizal plants

Fig. 1. Effects of mycorrhizal inoculation on plantain height
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Nursery FieldingWeek2 Week4 Week6 Week8 Week Week Week

date date Plantation period 10 12 14

—&—Mycorrhizal plants —O—Non-mycorrhizal plants

Fig. 2. Effects of mycorrhizal inoculation on plantain foliar surface

Nursery Fielding Week2 Week 4 Week 6 Week8 Week Week Week
date  date 10 12 14

Plantation period

—&—Mycorrhizal plants ===Non-mycorrhizal plants

Fig. 3. Effects of mycorhizal inoculation on plantain seedlings circumference

Table 2. Effects of mycorrhizal inoculation on plantain organ fresch weight

Treatment

Leaves Pseudo-stem Underground stem + roots

Inoculated plants fresh weight 382.84% + 2,36 460.70% £ 33.10 231.31°+ 8.32

(¢)]
Non inoculated plants fresh 108.01°+ 22,69  120.35° + 26.16 76.98° + 13.62
weight (g)

F
P

1599.5 676.20 1078.7
.000 .000 .000

(n = 4) Values within the same column with different letters are significantly different; t indicate the standard

deviation
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Table 3. Effects of mycorrhizal inoculation on plantain organ dry weight

Treatment Leaves Pseudo-stem Underground stem + roots
Inoculated plants dry weight 35.12% £ 2,27 58.52% + 10.88 52.44° £ 10.22

(9)

Non inoculated plants dry 10.31° £ 2,28 17.37°+ 4.84 10.86° + 4.38

weight (g)

F 956.28 96.352 98.802

P .000 .0000 0.000

(n = 4) Values within the same column with different letters are significantly different; + indicate the standard
deviation

Table 4. Survival and production rates of mycorrhized plantains

Traitments Survival rate at the end  Survival rate after Rate of plants in
of nursery (%) 11 month in production after 11
plantation (%) month in plantation (%)
Inoculated plants 100 100 46,67
Unioculated plants 100 72.31 5.67
Differences  between organ biomass of 3.3 Effects of Mycorrhizal Inoculation on

inoculated and non-inoculated plantain seedlings
after 14 weeks of planting were demonstrated.
Inoculation with mycorrhiza increased plants
organ fresh weight (Table 2). Similarly, a
gain in dry weight of inoculated plants
compared to uninoculated plants is observed
(Table 3).

Growth of mycorrhized plantain plants revealed
that inoculated plants had a higher vegetative
growth than non-inoculated plants, regardless of
the parameter considered (girth, height and leaf
area). Mycorrhizal inoculation would therefore
positively influence the development, growth and
photosynthetic activity of plantain plants. This
resulted in higher fresh and dry weights of plant
organ of inoculated plantain. These results
showed that R. intraradices strains isolated from
Cote d’lvoire plantain fields have good
mycorrhizal efficacy as well as significant effect
on the vegetative growth and biomass
parameters on macropropagated plantain
seedlings. These results on growth and biomass
production are similar to those obtained in
several authors’ work [13,26]. These authors
reported that inoculation of plantain plants with
mycorrhizal fungi leads to better plant
development via improved hydromineral nutrition,
but also due to the reduction of deleterious
effects caused by phytopathogenic soail
microorganisms [27]. Particularly in this study, a
significant difference in weight was observed
between the fresh biomass of inoculated and
non-inoculated plants. This means that
inoculation increased the water uptake of
plantain plants.

161

the Ability of Plantain Plants to Initiate
Production

The survival percentage of inoculated plants is
100% (Table 4). For non-inoculated plants, a
survival rate of 72.31% was observed. After 11
months of planting, 46.67% of inoculated plants
have started to produce flowers or banana
bunches while only 5.67% of the non-inoculated
plants were at the same physiological stage
(Table 4).

It was shown that inoculated plants were able to
survive by showing a high capacity of resistance
to environmental stresses (water stress) [28,29]
and biotic stresses such as nematode attacks
[30,31]. The faster growth of inoculated plants
favored an earlier onset of production than in
non-inoculated plants. Indeed, at 11 months of
planting, almost half of the inoculated plants
were in production. These plants would have
reached this physiological stage more quickly
thanks to the mycorrhizal symbiosis established
with this strain of Rhizophagus intraradices.

4. CONCLUSION

Controlled inoculation in germinators and then in
the nursery promoted significant root colonization
of plantain seedlings, first in the nursery and then
in the field. This symbiosis established with an
inoculum based on a local strain of Rhizophagus
intraradices from the banana rhizosphere
improved the vigor, growth and survival rate of
plantain seedlings in the plantation. By the same
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token, mycorrhizal inoculation also positively
influenced the ability of plantain plants to enter
production. In sum, mycorrhizal inoculation is a
non-polluting approach capable of mitigating
damage due to biotic and abiotic stresses on
plantlets resulting from the PIF technique. In the
perspective of sustainable plantain agriculture,
the practice of mycorrhizal inoculation appears to
be a promising alternative in tropical areas.

SUPPLEMENTARY METERIALS

Supplementary meterials available in this link:
https://www.journalijpss.com/index.php/ijpss/libra
ryfiles/downloadpublic/18

ACKNOWLEDGEMENTS

The authors acknowledge the Department of
Agriculture and Animal Ressources (Institut
National Polytechnique Felix Houphouet-Boigny)
for providing access to laboratories and
analytical facilities.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Tetang J. Plantain: Production of healthy
seeds by the PIF technique, Management
of a plantain farm and The most productive
varieties, The voice of the farmer. French.
2013;260:6-14.

2. Lassoudiere A. Banana and its culture,
Editon QUAERD 10, 78026 Versailles
Cedex France, French; 2007.

3. Yao N. Cropping system integrating
plantains in farming communities in Céte
d'lvoire, Fruits. French. 1988;41(3):149-
159.

4. FAO. FAOSTAT data; accessed March 12
2021.

Available:http:/www.fao.org/faostat/fr/#dat.

5. Kouassi KS. Role of genetic resources in
the development of the plantain sector in
Coéte d'lvoire: Activity report 2006.
Document CNRA, French; 2006.

6. Koné T, Koné M, Koné D, Traoré S,
Kouadio JY. Rapid multiplication of
plantain (Musa spp. AAB) in situ: an
alternative for mass production of

10.

11.

12.

13.

14.

15.

162

suckers, Agron. Afr. French.
2011;23(1):21-31.

Traoré S, Kobenan K, Kouassi KS,
Gnonhouri G. Plantain cultivation systems
and methods for controlling pests and
pests in Cote d'lvoire, J. Appl. Biosci.
2009;19:1094-1101.

Kwa M. Activation of latent buds and use
of banana stem fragments for mass
propagation of plants under horticultural
conditions in vivo, Fruits. 2003;58(6):315—
328.

Available:http://doi.org/10.1051/fruits

Sadom L, Tomekpé K, Folliot M, Cbte
FX. Comparison of the efficiency of
two methods of rapid multiplication of
banana plants from the study of the
agronomic characteristics of a plantain
hybrid (Musa spp.), Fruits. 2010;65(1):
3-9.

Available:http://doi.org/10.1051/fruits/2009
036.

Howeler HR. Mineral nutrition of cassava.
Craswell, ET, Asher CJ O’Sullivan JN.
Mineral Nutrient Disorders of Roots Crops
in the pacific. Proceedings Workshop,
Nuku’aloafa, Kingdom of tonga, 17-20 April
1995, ACIAR Proceeding no.5, Camberra,
Australia; 1996.

Mousain D. Study of phosphate nutrition of
ectomycorrhizal symbionts. Doctoral thesis
in Science, USTL, Montpellier, 24p. Actual
bot. 2: 41-46. Multi World Quac. (Eds.),
Quebecs, French; 1989.

Sow HA, Neyra M. Farmers and
researchers together for the integration of
microorganisms into the West African
agricultural system. AGRIDAPE, French.
2008;24:20-22.

Amoa AJ, Fotso B, Zeze A. Potentialities of
native arbuscular mycorrhizal fungi strains
to improve the quality of macropropagated
seedlings of plantain cv Orishele and
FHIA. 21, Res. J. Agric. Sci. 2017;7(1):9-
14.

Séry DJ-M, Kouadjo ZGC, Voko BRDR,
Zeze A. Selecting native arbuscular

mycorrhizal fungi to promote cassava
growth and increase vyield under field
conditions. Front Microbiol. 2016

(7)2063:1-13.
DOI: 10.3389 / fmicb.2016.02063.

Adjiri OA, Kone B, Aka N, Djabakate I, Dibi
B. Physico-chemical characterization and



16.

17.

18.

19.

20.

21.

22.

23.

Voko et al.; IJPSS, 33(17): 155-164, 2021; Article no.lJPSS.70944

source  of the mineralization  of
groundwater in the departments of Daloa
and Zoukougbeu, Céte d'lvoire, Int. j.
biol. chem. sci. French. 2019;13(4):2388-
2401.

Available:http://ajol.info/index.php/ijbcs.

Ligban R, Gone LD, Kamagate B, Saley
MB, Biemi J. Hydrogeochemical process
and origin of natural sources in the square
degree of Daloa (central west of the Cote
d’lvoire), Int. j. biol. chem. sci. French.
2009;3:17.

Bakhiet SB, Elbadri GAA. Effect of planting
depth on the crop and yield cycle
commodity, Infomusa. French. 2004
;13(1):12-14.

Phillips JM, Haymann DS. Improved
proceeding for clearing roots and staining
parasitic and  vesicular  arbuscular
mycorrhizal fungi for rapid assessment of
infection. Trans. Brit. Mycol. Soc.
1970;69:275-280.

Kormanik PP, McGraw AC. Quantification
of vesicular-arbuscular mycorrhizae in
plant roots. In Schenck NC, ed. Methods
and principles of mycorrhizal research, St.
Paul, Minn., American Phytopathological
Society; 1982.

Trouvelot A, Kough JL, Gianinazzi-
Pearson V. Measurement of the rate of
VA mycorrhization of a root system.

Search for estimation methods with
functional significance. In V. Gianinazzi-
Pearson & S. Gianinazzi (Eds.),
Physiological and genetical aspects of
mycorrhizae Paris: INRA, French;
1986.

Kumar N, Krishnamoorthy V, Nalina L,
Soorianathasundharam K. A new factor for
estimating total leaf area in banana,
Infomusa. 2002;11(2):42-43.

Gaidashova SV, Van Asten PJA, Jefwa
JM, Delvaux BM, Declerck S. Arbuscular
mycorrhizal fungi in East African highland
banana cropping systems as related to

edapho-climatic conditions and
management practices: case study of
Rwanda, Fungal Ecol. 2010;3:
225-233.

Jefwa JM, Kahangi E, Losenge T,
Mung’atu J, Ngului W, Ichami
SM, Sanginga N, Vanluawe B.
Arbuscular mycorrhizal fungi in the

rhizosphere of banana and plantain and
the growth of tissue culture cultivars,

24.

25.

26.

27.

28.

29.

30.

31.

163

Agric. Environ.

24-31.

Redon PO, Béguiristain T, Leyval C.
Differential  effects of AM  fungal
isolates on Medicago truncatula growth

Ecosyst. 2012;157:

and metal uptake in a multimetallic
(Cd, Zn, Pb) contaminated agricultural
soil. Mycorrhiza. 2009;19:
187-195.

DOI: 10.1007/s00572-009-0230-9

De la Providencia |IE, de Souza FA,
Fernandez F, Delmas NS, Declerck S.
Arbuscular mycorrhizal fungi reveal distinct
patterns of anastomosis and hyphal
healing mechanisms between different
phylogenic groups, New Phytol. 2005
;165:261-271.

DOI: 10.1111/j.1469-8137.2004.01236.x

Tsané G, Fogain R, Achard R, Foko J.
Impact of arbuscular mycorrhization on the
growth of in vitro plantain plants, tested on
soils of different fertility under controlled
conditions in Cameroon. Fruits, French.
2005;60:303-309.

Whipps JM. Prospects and limitations for
mycorrhizas in  biocontrol of  root
pathogens. Can J Bot. 2004;82:1198—
1227.

DOI: 10.1139/b04-082

Caravaca F, Barea JM, Palenzuella J,
Figueroa D, Alguacil MM, Roldan A.
Establishment of shrub species in a
degraded semiarid site after inoculation
with native or allochthonus arbuscular
mycorrhizal fungi, Appl Soil Ecol. 2003
;22:103-11.

DOI: 10.1016/s0929-1393(02)00136-1
Duponnois R, Colombet A, Hien V,

Thioulouse J. The mycorrhizal
fungus Glomus intraradices and rock
phosphate amendment influence
plant growth and microbial activity in

the rhizosphere of Acacia holosericea.
Soil Biol Biochem. 2005;37:
1460-1468.

DOI: 10.1016/j.s0ilbio.2004.09.016
Rodriguez RAS, Jaizme-Vega MC. Effect

of the arbuscular mycorrhizal fungus
Glomus manihotis on the root-knot
nematode, Meloidogyne javanica, in

banana, Nematol. Mediterr. 2005:33:217-
221.

Vos CM, Tesfahun AN, Panis B, De
Waele D, Elsen A. Arbuscular mycorrhizal



Voko et al.; IJPSS, 33(17): 155-164, 2021; Article no.lJPSS.70944

fungi induce systemic resistance in penetrans. Appl Soil Ecol. 2012;
tomato against the sedentary 61:1-6.
nematode Meloidogyne incognita and the

> Available:https://doi.org/10.1016/j.aps0il.20
migratory nematode Pratylenchus 12.04.007

© 2021 Voko et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/70944

164



