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ABSTRACT

Banana and coffee are crops damaged by the root-knot nematode (Meloidogyne incognita). Thus, the objective of this research was to study the efficiency
of biological products in the control of M. incognita in both crops. Four experiments were carried out in a greenhouse, in a completely randomized design,
inoculating banana and coffee plants with 2000 eggs and second-stage juveniles of M. incognita. In experiment 1, each plot was constituted of a banana
seedling cv. Prata Ana. The treatments, applied around each seedling, contained the fungi Metarhizium anisopliae, from the collection kept in the Biological
Control/CAPSA, 1B, and Pochonia chlamydosporia (the commercial product Rizotec®). In experiment 2, coffee seedlings cv. Arara were treated in a single
dose with M. anisopliae and P. chlamydosporia. In experiments 3 and 4, coffee seedlings cv. Mundo Novo were treated alone or mixed with M. anisopliae
and Purpureocillium lilacinum. Based on the results obtained after 150 days of inoculation, it was concluded that M. anisopliae and P. chlamydosporia have
usage potential for biological control of M. incognita in bananas and coffee. In the coffee crop, P. chlamydosporia showed 81% efficiency in reducing the
population of M. incognita, whereas for M. anisopliae, the efficiency was up to 76.9%. However, there was no difference between treatments with biological
control agents in relation to fresh root weight and dry weight of the aerial part of the coffee plants.
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1 INTRODUCTION

Among the phytosanitary problems that affect banana
and coffee crops, the root knot nematode Meloidogyne
incognita is responsible for one of the greatest economic
losses (Lopes; Ferraz, 2016). The control of this species
requires the development of alternatives to improve integrated
management strategies that reduce the use of pesticides and
that are environmentally safe, like biological control agents.

Several fungi are efficient biological agents against
plant parasitic nematodes, which contribute to alleviate the
losses caused by these parasites. At the moment, there are
different commercial products denominated bionematicides or
biodefensives that encompass these formulations, highlighting
the fungi Purpureocillium lilacinum (=Paecilomyces lilacinus),
Pochonia chlamydosporia and Trichoderma spp., which are
recommended for the control of Meloidogyne and Pratylenchus
species, considered the most harmful nematodes to most plants
cultivated in Brazilian agriculture. These fungi use the mechanisms
of parasitism of eggs and female nematodes, antibiosis and
resistance induction (Arieira et al., 2013; Dallemole-Giaretta et
al., 2015; Sahebani; Hadavi, 2008; Sharon et al., 2007).

Additionally, the international literature
the potential for biocontrol of nematodes with the fungus
Metarhizium anisopliae. In the Boyer-Ahmad region, Iran,
Ghayedi and Abdollahi (2013) evaluated in vitro the antagonistic
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efficiency of the fungus and it was observed that M. anisopliae
was pathogenic to Heterodera avenae, reaching 47% efficiency.
In India, based on the results reported by Abdollahi (2018), the
combination of M. anisopliae IMI 330189 and organic matter
from oak remains caused more than 90% reduction in the
reproduction of M. javanica, parasitizing tomatoes. In Brazil,
the only information available was the experiment under field
conditions developed by Rossi et al. (2006), who reported the
suppressive effect of M. anisopliae on the population densities
of Pratylenchus and Meloidogyne in sugarcane.

The most common mode of action of M. anisopliae
in insects is by contact, when the conidium enters the
tegument, germinates under the conditions of pH, humidity
and temperature of the host’s body, produces enzymes such
as chitinases, lipases and proteinases, favoring conditions for
the fungal mycelium to penetrate the host insect (Leite et al.,
2003). However, for nematodes the exact mode of action of M.
anisopliae is still unknown, but probably similar to other fungi
with sticky conidia. Thus, the conidia germinate, parasitize and
kill the nematode by direct penetration and producing infective
hyphae within the nematode’s body. It is noteworthy that before
any direct attack on the host, the fungus produces destruxin A
and destruxin B that can kill the host, making the fungus M.
anisopliae an important bionematicide (Devi, 2018).

In view of the scarcity of information, the objective of
this work was to study the efficiency of the action of biological
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products, with emphasis on M. anisopliae, in the control of M.
incognita in banana and coffee plants.

2 MATERIAL AND METHODS

Localization. Four experiments were carried out in a
controlled temperature greenhouse, located at the Laboratory of
Nematology, Advanced Center for Research in Plant Protection
and Animal Health (CAPSA), Biological Institute, in the city of
Campinas, SP, Brazil, with coordinates S 22° 54 498 and WO
47°00’ 842” and altitude 707 m, from January 2019 to April 2021.

Obtaining the inoculum. The population of M. incognita
used in the experiments was isolated from coffee trees and
kept in a greenhouse at the Biological Institute, Campinas, SP.
Eggs and second-stage juveniles (J2) of M. incognita used as
inoculum in the experiments were obtained from roots of tomato
and coffee plants by Coolen and D’Herde (1972) methodology.
The number of specimens in the water suspension obtained was
estimated using a Peters counting slide under a light microscope.

2.1 Experiment 1 - M. incognita control in banana
cv. Prata Ana

The experimental design was completely randomized,
with four treatments and four replicates. Each plot consisted
of one banana seedling cv. Prata Ana, produced in vitro,
transplanted to a S-liter pot, containing autoclaved substrate.
On the same day of the transplanting, each plant was inoculated
with 2000 eggs and J2 of M. incognita and treated with the
biological control agents. The treatments were applied in a
single dose, via suspension simulating an application by drench
around each seedling and contained the fungi M. anisopliae,
at a dose of 4.8 kg/ha, from the collection maintained at the
Biological Control Reference Laboratory Unit/CAPSA, 1B,
registered under number IBCB 425, and P. chlamydosporia,
strain Pc 10, at a dose of 4.0 kg/ha (the commercial product
Rizotec®). For comparison, a control (without treatment) was
included and Carbofuran 100G (4 g/plant) was used as chemical
control standard, applied in a single dose during the transplant.

2.2 Experiment 2 - control of M. incognita in
coffee cv. Arara - one application

The experimental design was completely randomized,
with four treatments and four replicates. Each plot consisted of
one plant per 3.8-liter pot, containing autoclaved substrate. Just
after transplanting the coffee seedlings cv. Arara (seedlings with
four pairs of true leaves), the biological agents were applied
over the entire surface of the soil and incorporated using a
spatula. The treatments were applied via suspension containing
the fungi M. anisopliae, isolated IBCB 425 at a dose of 70 g /
ha, (commercial product Metarriz Plus®, formulation WP) and
P. chlamydosporia, strain Pc 10 (commercial product Rizotec,®
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4.0 kg/ha). For comparison, two controls (with and without
nematodes) were used. The products were applied in a single
dose, on the same day as the inoculation of nematodes, by
drench. Then, the inoculation of the nematode M. incognita was
carried out in a hole approximately 2 cm deep. Each plant was
inoculated with 2000 eggs and J2 of M. incognita.

2.3 Experiment 3 - control of M. incognita in
coffee cv. Mundo Novo - three applications

The experimental design was completely randomized,
with five treatments and four replicates. Each plot contained one
plant per 3.8-liter pot, containing autoclaved substrate. Just after
transplanting the coffee seedlings cv. Mundo Novo (seedlings
with four pairs of true leaves), the biological agent was applied on
the entire surface of the soil and then the soil was turned over to
incorporate the product. Then, the inoculation of the nematode M.
incognita was carried out in a hole of approximately 2 cm deep.
Each plant was inoculated with 2000 eggs and J2 of M. incognita.

Two biological control agents were tested alone and in
a mixture: M. anisopliae (2.4 kg/ha, isolate IBCB 425) and P.
lilacinum (200 g/ha). For comparison, two controls (with and
without nematodes) were used. The drench application of the
products was carried out on three dates: on the same day of the
nematodes inoculation, at 7 and 21 days after inoculation (DAI).

2.4 Experiment 4 - control of M. incognita in
coffee plants cv. Novo Mundo - six applications

The experimental design, treatments and doses were
the same as in experiment 3, with two biological control
agents tested alone and in a mixture: M. anisopliae (2.4 kg/ha,
isolated IBCB 425) and P. lilacinum (200 g/ha), but there were
six drench applications of the products instead of three: one
week before inoculation, on the same day of inoculation and at
7, 14, 28 and 42 DAI. Each coffee seedlings cv. Mundo Novo
(seedlings with two pairs of true leaves) was inoculated with
2000 eggs and J2 of M. incognita.

2.5 Final population, nematode reproduction
factor and plant development variables

In the four experiments, approximately 150 DAI, the
nematodes in the plant roots were extracted by the method of
Coolen and D’Herde (1972). The final population (FP) was
obtained by counting the nematodes on Peters slides using a
light microscope. The nematode reproduction factor (RF) was
estimated for each replicate, taking the final population (FP)
and dividing it by the initial population (Pi=2000 nematodes).

In addition, the influence of the treatments on the
development of banana and coffee plants was verified,
evaluating the height of the plants, the fresh weight of the roots
(FWR) and dry weight of the aerial part (DWAP).
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2.6 Statistical analysis

The values of the variables: plant height, FWR,
DWAP and population density of M. incognita in the banana
and coffee roots (final population) were subjected to analysis
of variance using the Sisvar program (Ferreira, 2011). After
analysis, the treatment means were compared by the LSD
test at 5% significance. In addition, the efficiency percentage
of the evaluated products (E%) in relation to the control with
nematodes was determined using the Abbott formula.

3 RESULTS
3.1 Experiment 1

At 150 DAI (Table 1), the final population of M. incognita
in treatments with M. anisopliae and P. chlamydosporia did not
differ statistically from the control with nematodes. However, for
P, chlamydosporia the efficiency (E%) of the product in reducing
the population of M. incognita was 49%, with RF=6.2, while M.
anisopliae provided a population reduction of 66% and RF=4.2.

It was found that there was a statistical difference
between the treatments with the two biological control agents
in relation to the control plants for plant height and fresh weight
of the roots (Table 1). For shoot dry weight, only M. anisopliae
differed from the control, indicating that this agent has a
stimulating action, which favors the development of roots and
shoots of banana plants.

3.2 Experiment 2

The results of experiment 2 are shown in Table 2.
Metarhizium anisopliae and P. chlamodosporia may have

nematicide effects against M. incognita in coffee cv. Arara
as the final population of M. incognita in the treatments of
these two agents differed statistically from the control with
nematodes. In a single application, at a ratio of 4 kg/ha, P
chlamodosporia had 81% efficiency (E%) in reducing the
population of M. incognita, with 1.6 reproduction factor (RF),
while M. anisopliae (70 g /ha) had 73% efficiency in reducing
the population of M. incognita and RF=2.3.

According to the data of the coffee plant development
variables, it was found that there was no statistical difference
between treatments with biological control agents in relation
to the control with nematode for root fresh weight and shoot
dry weight (Table 2).

3.3 Experiment 3

Experiment 3 confirmed the results presented in the
previous experiment and clearly show that M. anisopliae
has a nematicidal effect against M. incognita in coffee
cv. Mundo Novo (Table 3). The biological agent M.
anisopliae alone had 76.9% efficiency in reducing the
population of M. incognita and RF=1.2. When it was used
together with the other biological agent (M. anisopliae +
P lilacinum) the efficiency was lower (E=32.1%). It was
observed that the treatment with P. /ilacinum, used alone
did not differ statistically in the final population of M.
incognita compared to plants infested with nematodes
(control with nematode), demonstrating that P. lilacinum
was not effective in controlling this nematode in coffee cv.
Mundo Novo.

Table 1: Mean population density values of eggs and juveniles of Meloidogyne incognita present in banana roots [final population
(FP)], control efficiency (E%) and reproduction factor (RF), height (H), fresh weight of roots (FWR) and dry weight of the aerial part
(DWAP) of banana cv. Prata Anda, 150 days after inoculation with M. incognita. Average of four replicates.

Treatments FP E% RF H (cm) FWR (g) DWAP (g)
Control with nematode 24114b 0 12.1 38.3b 91.8 a 262.2b
Metarhizium anisopliae (4.8 kg/ha) 8311ab 66 4.2 46.4c 166.4b 349.4c
Pochonia chlamydosporia (4.0 kg/ha) 12383ab 49 6.2 45.8¢c 198.4b 320.6ab
Carbofuran 100G 890a 96 0.4 28.4a 115.3a 193.4b

Means followed by the same letters within the columns did not differ statistically at the 5% probability level by the LSD test.

Table 2: Mean population density values of eggs and juveniles of Meloidogyne incognita present in coffee roots [final population
(FP)], control efficiency (E%) and reproduction factor (RF), height (H), fresh weight of roots (FWR) and dry weight of the aerial part
(DWAP) of coffee cv. Arara, 150 days after inoculation with M. incognita. Average of four replicates.

Treatments FP E% RF FWR (g) DWAP (g)
Control without nematode Oa - 0 16.9a 10.6a
Control with nematode 17100c - 8.6 8.0b 7.2a
Pochonia chlamydosporia (4.0 kg/ha) 3230b 81 1.6 8.2b 8.4a
Metarhizium anisopliae (70g /ha) 4575b 73 23 8.8b 8.6a

Means followed by the same letters within the columns did not differ statistically at the 5% probability level by the LSD test.
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According to the data of the plant development variables
of the present experiment, it was found that there was no statistical
difference between the treatments with biological control agents
in relation to the control, although, on average, the plants that
received the treatments with biological agents were higher and
with greater root volume compared to the control with nematode.

3.4 Experiment 4

In this study, there was no difference between treatments
and control with nematodes for FP, demonstrating that M.
anisopliae has not a nematicide effect against M. incognita in coffee
cv. Novo Mundo (Table 4). This result differed from the previous
experiments (Experiments 2 and 3) and did not confirm them. The
biological agent M. anisopliae, alone, showed only 46% efficiency
in reducing the population of M. incognita and RF=1.3. When
used together with the other biological agent (M. anisopliae + P.
lilacinum), the efficiency was similar. According to the data of the
plant development variables of the present experiment, it was found
that there was no statistical difference was observed between the
treatments with biological control agents in relation to the control,
except for the FWR of M. anisopliae (FWR=1) which statistically
it was lower compared to the control (FWR=1.8).

4 DISCUSSION

The fungus M. anisopliae, although well known
for being a parasite of insects Mahanarva fimbriolata and

M. posticata and having its commercial production well
established (Goble; Almeida; Conlong, 2017), has been little
studied in the control of nematodes. However, there are reports
of its efficiency in reducing the reproduction of M. javanica
parasitizing tomatoes in India (Abdollahi, 2018). In the present
study, based on four experiments conducted under controlled
conditions, it was observed the efficiency of M. anisopliae
and two other fungi (P. chlamydosporia and P. lilacinum) in
controlling M. incognita in banana and coffee crops.

Banana plants treated with a single dose of M. anisopliae
or P. chlamydosporia showed greater vegetative development
compared to the control. These agents have a stimulating action
(phytotonic effect), acting favourably on the development of roots
and shoots of banana, in addition to the effect on the population
reduction of M. incognita, with a population reduction of up to
66%. Although there is no information available on the use of
M. anisopliae or P. chlamydosporia previously, several reports
have demonstrated the efficacy of biological control agents in
the management of Meloidogyne spp. in banana. For example, in
South Africa, a commercial product based on the soil fungus P
lilacinum has been used to reduce the number of nematodes and
shorten the period from flowering to banana harvest (Daneel,
De Waele, 2017). This egg parasitic fungus has also acted as an
antagonist of root knot nematodes in India. Applied at a dose of
15-20 g/plant, the biological product managed to reduce the gall
index, number of eggs and population density of M. incognita in
banana plants (Sundararaju et al., 2003).

Table 3: Mean population density values of eggs and juveniles of Meloidogyne incognita present in coffee roots [final population
(FP)], control efficiency (E%) and reproduction factor (RF), height (H), fresh weight of roots (FWR) and dry weight of the aerial part
(DWAP) of coffee cv. Mundo Novo, 150 days after inoculation with M. incognita. Average of four replicates.

Treatments FP E% RF H (cm) FWR (g) DWAP (g)
Control without nematode Oa - 0.0 30.4a S5.1a 3.9a
Control with nematode 10788b - 54 24.1a 3.3a 2.3a
Metarhizium anisopliae (2.4 kg/ha) 2488a 76.9 1.2 29.3a 6.2a 3.7a
Purpureocillium lilacinum (200g/ha) 19738b -83.0 9.9 28.8a 5.5a 3.5a
M. anisopliae + P. lilacinum 7320ab 32.1 3.7 25.9a 5.9a 3.2a

Means followed by the same letters within the columns did not differ statistically at the 5% probability level by the LSD test.

Table 4: Mean population density values of eggs and juveniles of Meloidogyne incognita present in banana roots [final population
(FP)], control efficiency (E%) and reproduction factor (RF), height (H), fresh weight of roots (FWR) and dry weight of the aerial part
(DWAP) of coffee cv. Mundo Novo, 150 days after inoculation with M. incognita. Average of four replicates.

Treatments FP E% RF H (cm) FWR (g) DWAP (g)
Control without nematode 0b - 0 14.5ab 1.3ab 1.1b
Control with nematode 4795a 0 24 14.9ab 1.8bc 0.9b
Metarhizium anisopliae (2.4 kg/ha) 2573ab 46 1.3 12.5a 1.0a 0.6ab
Purpureocillium lilacinum (200g/ha) 3735ab 22 1.9 14.5ab 2.0c 0.8ab
M. anisopliae + P. lilacinum 2595ab 46 1.3 15.8b 2.0c 1.1b

Means followed by the same letters within the columns did not differ statistically at the 5% probability level by the LSD test.
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In the present study, M. anisopliae showed potential as
biological control of M. incognita in coffee, by reducing the
nematode population from 46.0% to 76.9%, with the highest
efficiency after three applications of the biological agent (at 0,
7 and 21 DAI). Furthermore, while P. chlamydosporia showed
high efficiency (81%, experiment 2), the other biological
agent evaluated, P. lilacinum, was not efficient in controlling
M. incognita (experiments 3 and 4). Currently, little is known
about the use of antagonist fungi as biological agents in the
control of nematodes in coffee, but there are studies that prove
the efficiency of these agents. For example, when comparing
P, lilacinum isolates from coffee plantations in the region of
Londrina, PR, Cadioli et al. (2009) observed a decrease in the
population of M. paranaensis in coffee trees cv. Icatu, in a
greenhouse. Reductions of eggs in the root system were observed
in all isolates. However, parameters such as increased growth of
coffee trees, reduction of juveniles in the soil and decrease in
root malformations were evident in specific isolates. Therefore,
the importance of selecting these strains for an effective control
was demonstrated. Thus, one of the explanations for the low
control efficiency of M. incognita in coffee cv. Mundo Novo
may be related to the virulence of the strain used in this study,
with the need for future studies of pathogenicity to choose
the biological agent with the highest virulence against this
species of nematode in coffee. Santiago et al. (2006) studied
the efficiency of P. lilacinum isolates from different regions
and crops to control M. paranaensis in tomato, observing this
virulence differentiation that act mainly in the reduction of the
nematode population and in the survival of these organisms in
the soil, desirable characteristics for a biocontrol agent.

According to Ghayedi and Abdollahi (2013), the mode
of action of M. anisopliae in nematodes is still unknown, but it
is probably similar to other fungi with adhesive spores, which
can adhere to the nematode, germinate, penetrate directly
through the cuticle and produce infective hyphae within the
body cavity. In a pathogenicity test, the authors observed
juveniles of Heterodera avenae parasitized by M. anisopliae.
Also, has been reported that entomopathogenic fungi may to
colonize the roots as asymptomatic endophytes. Metarhizium
anisopliae is considered an entomopathogen and an endophyte
in the soil, which can colonize plant root tissues, resulting in
increased development and tolerance against pests and diseases
(Altinok; Altinok; Koca, 2019; Sasan; Bidochka, 2012).
However, future studies must be conducted to understand the
mechanism of action in Brazilian populations of M. anisopliae.
in promoting growth and reducing the nematode population.

A greater efficiency was observed with three
applications of M. anisopliae than with six applications
(Experiment 4). There are no studies clearly proving this
issue, but it is possible that with the high concentration of
M. anisopliae conidia, there is a competition between the
germinated conidia that colonize the soil, with a decrease in

parasitism in nematodes, but research is needed to confirm this
hypothesis. Also, as M. incognita is a sedentary endoparasite
nematode, the conidia no longer have access to the nematode
inside the roots. Thus, the nematode is able to complete the
cycle, explaining the RF above 1.

5 CONCLUSIONS

In conclusion, this study demonstrated that the fungi
M. anisopliae and P. chlamydosporia have potential to be used
in the biological control of M. incognita in banana and coffee
crops. In the coffee plants, P. chlamydosporia showed 81%
efficiency in reducing the population of M. incognita, while
for M. anisopliae, the efficiency was up to 76.9%. However,
none of the biological control agents increased coffee plant
development. Furthermore, the need for more in-depth studies
is evident to better understand the interaction between agents
used in biological control in order to reduce the population of
the main nematode species within the coffee growing system.
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