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Nematodes are among the most economically damaging parasites of bananas (Musa
AAA) and plantains (Musa AAB). The restriction on the use of nematicides has
encouraged the development of alternative strategies. This work aimed to study the
effects of plantain and banana lixiviate on Pratylenchus coffeae and Radopholus
similis in vitro essay. P. coffeae and R. similis were exposed to four concentrations
(5%, 15%, 25% and 35%) of each lixiviate for 48 hrs. These effects were compared
with a water control and Fluopyram at 10%. Then they were transferred to water for
24 hours to assess the viability of the immobile nematodes. The percentages of
immobility and mortality of the nematodes were determined. A phytochemical
screening of plantain and banana lixiviate to identify their composition in secondary
metabolites was also performed. Lixiviate presented nematostatic activity at 15%.
Also, lixiviate showed nematicide activity at 25% and 35%. The percentage of
mortality was higher in Pratylenchus coffeae than in Radopholus similis (40% against
30% for plantain lixiviate and 39% against 29% for banana lixiviate). The
phytochemical screening revealed the presence of secondary metabolites in
proportions which vary few in the two compounds. In this study, we showed that
plantain and banana lixiviate can be encouraging for developing methods for the
biological control of banana parasitic nematodes.
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INTRODUCTION

the main method, however it has limitations: from an
ecological point of view, synthetic nematicides have a

The migratory endoparasitic nematodes Pratylenchus
coffeae and Radopholus similis are the major parasites of
bananas and plantains in Céte d'Ivoire (Gnonhouri and
Adiko, 2005). Root necrosis caused by these two
nematodes reduce water and mineral uptake of the root
functions by killing root tissues resulting in growth
reduction and ultimately affecting bananas and plantains
production. To date, the use of chemical nematicides is
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negative impact on the biological activity of soils and
represent a long-term source pollution for the
environment (Aktar et al, 2009; Tilman et al., 2002). For
the small producer with low incomes, nematicide
treatments are often out of reach. These various
constraints have made the search for more economical
and environmentally friendly alternatives a priority.
Thus, the use of organic matter constitutes a potential
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alternative to the use of nematicides in banana
plantations (Oka and Yermiyahu, 2002). Several studies
suggested that certain organic materials have
nematotoxic and nematostatic compound which
successfully reduce nematode infection and reduce plant
parasitic nematode populations. Lixiviate, extracted
from banana rachis, has reported with anti-microbial
substances (Osorio Gutiérrez et al, 2012). The
effectiveness of lixiviate against several pathogenic fungi
and bacteria has been demonstrated by several studies
(Sikirou et al, 2010; Maritza and Jimenez, 2016).
Lixiviate against nematodes has been very little
explored. Study objective was to evaluate in vitro effect
of lixiviate extracted from plantain and banana rachis
against potential endo-parasitic migratory plant
parasitic species R. similis and P. coffeae.

MATERIALS AND METHODS

Plant material

The plant material consisted of rachis of plantain (Musa
AAB "Corne 1") and banana (Musa AAA "Grande naine")
were to extract lixiviate.

Nematodes

Isolates of the two nematodes species were collected
from different sites. P. coffeae isolated from roots of
plantain (Musa AAB "Corne 1") in Azaguié and R. similis
isolated from roots of banana (Musa AAA "Grande
naine") in Aboisso. These different areas are known to
harbor the most virulent pathotypes of each of the two
nematode species in Cote d'Ivoire (Konan, 2016).

Lixiviate preparation

The preparation of the lixiviate from the plantain and banana
rachis was done anaerobic composting. Lixiviate was
prepared according to the method described by Seri et al
(2018). The rachis were chopped as (3 to 4 cm thick and 10
to 15 cm in length). Eight kilograms of these cut rachis were
mixed with 15 L of distilled water in a 20 L barrel, then the
barrel was sealed and stored at 27 °C at the CNRA
Nematology Laboratory. The mixture was stirred manually
and vigorously every day for 2 min. Three months of storage,
the resulting solution was filtered through a sieve (250 p
mesh diameter) to obtain the lixiviate.

Phytochemical screening
The characterization tests of the lixiviate from the
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plantain and banana rachis were carried out at the

Laboratory of Organic Chemistry and Natural Substances

of the UFHB. The detection of secondary metabolites

called upon a set of revealers:

e Dragendorff and Nessler reagents for alkaloids,

e Reaction to cyanidin for visualization of flavonoids,

e Demonstration of the presence of foam for the
saponins,

e 2% ferric chloride reagent for the detection of
polyphenols,

e Lieberman and Burchard reaction for steroid

research,

e Stiasny reagent for the detection of gallic tannins.

The results were classified according to the techniques
described by Loe et al (2018) -: none; +: low; ++:
moderately rich; +++: rich.

Nematodes rearing and extraction

Nematode inoculum was obtained according to the
method described by Quénéhervé et al (2012) and
Lescot and Chabrier (2016). P. coffeae populations were
maintained on the susceptible plantain (Musa AAB
"Corne 1") while R. similis was maintained on the
susceptible banana (Musa AAA "Grande naine"). The
culture of nematodes took place in vivo conditions for 8
weeks. The nematodes were extracted by the Baerman's
technique modified by Chabrier (2008).

In vitro study

A suspension 5 ml containing 50 live individuals of R.
similis and 4 ml suspension containing 50 live
individuals of P. coffeae were placed in petri dishes. By
dilution of the stock suspensions, solutions of 5%, 15%,
25% and 35% concentrations of each type of lixiviate
were obtained. The maximum concentration tested was
35% because previous studies have demonstrated the
phytotoxicity of lixiviate at high concentrations (Seri et
al, 2018). The effect of the lixiviate was compared to
controls represented by distilled water and a solution of
the nematicide Fluopyram at 10%. In total, the trial
consisted of 20 treatments repeated five times. After 48
h of incubation at room temperature (27 °C) the mobile
and immobile nematodes were counted under a
binocular magnifying glass. They were transferred to 5
ml of distilled water for 24 h to assess the viability of
For the viability test, the
nematodes were considered dead when, at the prick of a

immobile nematodes.
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needle, they remain immobile. The percentage of
immobility (Pim) and mortality (Pm) of the nematodes
was noted and corrected compared control.

Immobility rate (IRc)was calculated by using formula:
IR — IRW

~ 100 — IRWR
IR : Immobility rate of treatment

IRw : Immobility rate of water

IRc X 100

Mortality rate (MRc) computed by formula;

MR — MRW
100 — MRwR
MR : Mortality rate of treatment
MRw : Mortality rate of water

MRc X 100

Statistical analysis

The results were processed using software Statistica 7.1.
The percentages of mobility and mortality were
transformed by the arcsin vx/100 function before
statistical analysis. In the event of a significant difference

between the averages at 5% level, Fisher's LSD test was
used so as to get homogeneous groups.

RESULTS

Phytochemical Estimation

The phytochemical screening carried out on lixiviate
from plantain and banana rachis enabled us to
highlight the secondary metabolites in these two
products. The composition of secondary metabolites
does not vary qualitatively from one product to another
(Table 1). Thus, the main common compounds present
in large quantities (+++) are polyphenols and
flavonoids. On the other hand, the alkaloids are present
in moderate quantity (++) at the level of the two
products while the terpenoids are in low quantity (+).
Saponosides are low (+) in plantain lixiviate and
medium (++) in banana lixiviate. Gallic tannins are
abundant (+++) in plantain lixiviate and in moderate
amounts (++) in banana lixiviate.

Table 1. Qualitative and quantitative comparison of secondary metabolites in the two lixiviate.

Metabolites Lixiviate
Plantain Dessert

Alkaloids ++ ++
Polyphenols +++ 4+
Flavonoids +++ 4+
Saponins + ++
Gallic tannins +++ ++
Terpenoids + +

Catechic tannins -

-: none; +: low; ++: moderately rich; +++: rich.

Effect of lixiviate on nematodes

Except for the percentages of mortality recorded at the
15% concentration of the plantain and banana lixiviate,
the percentages of immobility and mortality of the two
species increase significantly for concentrations
ranging from 5% to 25% of the two types of products.
For a concentration of 5%, the percentages of
immobility and mortality were statistically similar to
the water control (Table 2).

Immersed in 15% lixiviate, the two species which
showed significant immobility in plantain lixiviate
(43.8% immobility for P. coffeae and 27.4% for R.
similis) and in the banana lixiviate (43% immobility for
P. coffeae and 26.8% for R. similis), became mobile

again after viability test in water (Figure 1). The
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highest percentages of immobility and mortality are
observed when the two species were in contact with
the concentrations of 25% and 35%. For these two
concentrations, the percentages of mortality obtained
was not statistically different for each type of lixiviate.
For P. coffeae previously immersed in plantain lixiviate,
the mortality percentages are 40% nematodes at 25%
concentration and 41% nematodes at 35%. For the
same species, the results obtained were 39% of dead
nematodes at 25% and 41% of dead nematodes at 35%
on contact with the banana lixiviate.

For R. similis previously immersed in plantain lixiviate,
the mortality percentages were 30% nematodes at 25%
and 31% nematodes at 35%. For the same species, the
results obtained were 29% dead nematodes and 30%
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dead nematodes respectively at concentrations of 25%

and 35% in contact with the banana lixiviate.

Table 2. Percentage of immobility and mortality obtained with each product

Treatments Pratylenchus coffeae Radopholus similis
% Immobility % Mortality % Immobility % Mortality

Water 7,8 ¢ 7,7 ¢ 7 d 7,6 c
Fluopyram 60,2 a 52,8 a 5,4 a 40,6 a
5% lixiviate plantain 7,6 c 8,2 c 7,2 d 8,6 c
5% lixiviate dessert 7 c 8c 8,8d 7,8 ¢
15% lixiviate plantain 43,8 b 7,4 c 27,4 ¢ 9c
15% lixiviate dessert 43 b 8c 26,8 ¢ 9,2 ¢
25% lixiviate plantain 51,6 ab 40 b 42,4 b 30,4 b
25% lixiviate dessert 51 ab 39,4 b 41,4 b 29,2 b
35% lixiviate plantain 52 ab 41 b 40,4 b 31b
35% lixiviate dessert 51,4 ab 41,4 b 41 b 30 b

Means in columns followed by different letters are significantly different at p<0.05 according to Fisher's LSD Test.

Figure 1. Microscopic image of nematodes after viability test; A) Radopholus similis B) Pratylencus coffeae which
become mobile again after contact with 15% lixiviate C) Radopholus similis D) Pratylencus coffeae dead after contact

with 25% lixiviate

Comparison of the effect of 25% lixiviate on
nematode mortality

The percentages of mortality were not statistically
different regardless of the type of lixiviate in which the
nematode species have been immersed. For P. coffeae,
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40% of nematodes dead in contact with plantain lixiviate
and 39% of nematodes dead in contact with banana
lixiviate were found. For the species R. similis 30%
mortality after exposure to plantain lixiviate and 29%
mortality after exposure to banana lixiviate were
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presented. The two lixiviate showed the

effectiveness.

same

Sensitivity of nematodes to lixiviate at 25%

For the same lixiviate, the mortality percentages are
significantly higher for P. coffeae compared to those for
R. similis. The results indicate 40% of dead nematodes
for P. coffeae against 30% for R. similis when both
species are exposed to plantain lixiviate. In contact with
the banana lixiviate, 39% mortality was observed for P.
coffeae against 29% for R. similis. Pratylenchus coffeae is
more sensitive to both compounds than Radopholus
similis.

DISCUSSION

The results of our study in vitro indicate that lixiviate
from plantain and banana rachis may provide protection
against Radopholus similis and Pratylenchus coffeae.
Furthermore, secondary metabolites were found in the
two compounds. Application of both types of lixiviate at
the 15% concentration revealed nematostatic activity.
The compounds such as alkaloid and saponins are
responsible for nematostatic activity observed, as
reported by other authors (Mayad et al, 2019; Ahmed,
2015). These authors suggested that alkaloids and
saponins are the most important groups of natural
substances playing an important role in nematostatic
activity. In our work, alkaloids and saponosides caused
paralysis
Comparison of the nematicidal effect of 25% and 35%
plantain and banana lixiviate revealed similar effects due

of nematodes at low concentrations.

to the secondary metabolite composition of the two
compounds.

The potential toxicity of phenols on nematodes has been
recognized and reported in the literature (Denilson et al,
2019; Aissani et al, 2018). Others authors reported that
tannins are also natural secondary metabolites found in
several botanical families with the highest nematicidal
activity (Rubabura et al., 2020; d’Errico et al, 2018). In
our study, phenolic compounds, and tannins caused the
death of nematodes at relatively high concentrations.
The highest percentage of mortality was obtained with
chemical treatment and the effect of 25% lixiviate on
nematode mortality is close to this result. These
observations support the assertion that the plantain and
banana lixiviate provided effective control of P. coffeae
and R. similis under 25% in vitro conditions. The two
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nematode species exhibited a diversity of sensitivity to
the same lixiviate. The difference in cuticular structure,
an organ that acts as a physical barrier to external
attacks, could be responsible for the variable nematicidal
effect. Indeed, in R. similis, the body is entirely covered
with a 0.55 pum thick cuticle (Chabrier, 2008), while this
organ is practically non-existent in P. coffeae (Tuyet,
2010).

CONCLUSION

Plantain and banana lixiviate, two compounds rich in
secondary metabolites, had similar effects on the
nematodes studied. However, these effects varied
depending on the concentration used: at 15%, a
nematostatic effect was observed. While from 25%
nematicidal activity has been detected. In a nematode
control program, 25% is the minimum efficient rate.
Pratylenchus coffeae is more sensitive than Radopholus
similis when in contact with the same product.
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