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REPRODUCTION OF Pratylenchus zeae AND P. brachyurus IN COVER CROPS'
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FERREIRA*, RAIANE PEREIRA SCHWENGBER®, SEPHORA SERRANO BALDISERA’

ABSTRACT - This study aimed to evaluate the reproduction of Pratylenchus zeae and P. brachyurus in
leguminous plants used as cover crops. Seedlings of sunn hemp (Crotalaria juncea and C. spectabilis), pigeon
pea cultivar IPR 43 (Cajanus cajan), dwarf velvet bean (Mucuna deeringiana), black velvet bean (Stizolobium
aterrimum), and jack bean (Canavalia ensiformis) were inoculated with each nematode separately. Maize
cultivar IPR 114 and soybean cultivar Pintado were used as controls to measure the viability of the inoculation
of P. zeae and P. brachyurus. After 90 days of inoculation, the plants were collected and nematode g™ root,
final population, and reproduction factors (RF) were evaluated. The experiment was carried out at two different
times of the year. The nematode’s RF on cover crops from treatments with the two Crotalaria species, dwarf
pigeon pea, and black velvet bean were lower than one (bad host plants) in both experiments for P. zeae. For P.
brachyurus, the lowest RFs were obtained for C. juncea, C. spectabilis, and pigeon pea, while the other plants
presented RF values close to or higher than one in at least one of the experiments. Therefore, C. spectabilis, C.
Jjuncea, and C. cajan cultivar IPR 43 are antagonistic plants that represent useful options for rotation or
succession systems that aim to control P. zeae and P. brachyurus.

Keywords: Cover crops. Leguminous plants. Multiplication. Root lesion nematodes.
REPRODUCAO DE Pratylenchus zeae E P. brachyurus EM PLANTAS DE COBERTURA

RESUMO - O trabalho teve como objetivo avaliar a reproducdo de Pratylenchus zeae ¢ P. brachyurus em
plantas leguminosas usadas como adubos verdes. Plantulas de crotalaria (Crotalaria juncea e C. spectabilis),
guandu cv. IPR 43 (Cajanus cajan), mucuna-and (Mucuna deeringiana), mucuna-preta (Stizolobium
aterrimum) e feijao-de-porco (Canavalia ensiformis) foram inoculadas com ambos nematoides separadamente.
O milho cv. IPR 114 ¢ a soja cv. Pintado foram utilizadas como testemunhas da viabilidade do in6culo de P.
zeae ¢ P. brachyurus. Ap6s 90 dias da inoculagio, as plantas foram coletadas avaliando-se nematoide g de
raiz, populacdo final e fator de reprodugdo (FR). O experimento foi conduzido em duas épocas distintas. Os
FRs dos nematoides nas duas espécies de crotalarias, no guandu e na mucuna-preta foram menores que um em
ambos 0s experimentos para P. zeae, comportando como mas hospedeiras. Para P. brachyurus, os menores
valores de FRs foram obtidos em C. juncea, C. spectabilis ¢ guandu, enquanto nas demais leguminosas, 0s
valores de FR foram préximos ou superiores a um em pelo menos um dos experimentos. Portanto, C.
spectabilis, C. juncea e C. cajan cv. IPR 43 sdo op¢des de plantas antagonistas para sistemas de rota¢ao ou
sucessao que visem o controle de P. zeae e P. brachyurus.

Palavras-chave: Adubos verdes. Leguminosas. Multiplicacdo. Nematoide das lesdes radiculares.
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INTRODUCTION

Root lesion nematodes are recognized
worldwide as one of the greatest problems in crops
of considerable economic importance, such as
soybeans, maize, cotton, sugarcane, among others
(KORAYEM; MOHAMMED, 2010; MACHADO;
BONFIM JUNIOR; ARAUJO FILHO, 2010;
ARAUJO FILHO; CASTRO-MORETTI; BONFIM
JUNIOR, 2014). In Brazil, two species deserve
attention due to their geographical distribution and
the damage caused to agriculture, namely
Pratylenchus zeae Graham and P. brachyurus
(Godfrey) Filipjev and Schuurmans Steckhoven
(SEVERINO; DIAS-ARIEIRA; TESSMANN, 2010;
FRANCHINI et al., 2014).

Pratylenchus zeae has been detected in the
main sugarcane producing regions of Brazil, usually
in high population concentrations in commercial
production areas of the state of Sdo Paulo
(NOVARETTI et al, 2014), Northeast region
(MOURA et al., 2000), Parana (SEVERINO; DIAS-
ARIEIRA; TESSMANN, 2010), and Rio Grande do
Sul (BELLE et al, 2017). Alone, or in mixed
populations with Meloidogyne spp., the pathogen
causes average reductions of 20-30% in yield from
the first cut of susceptible varieties (DINARDO-
MIRANDA, 2005), as well as losses of 10-20 t ha™
per cut and reductions in ratoon longevity
(BARROS; MOURA; PEDROSA, 2005).

On the other hand, Pratylenchus brachyurus
has become a major concern in areas planted with
soybean, maize, sugarcane, and cotton (SEVERINO;
DIAS-ARIEIRA; TESSMANN, 2010; INOMOTO,
2011; MACHADO; FERRAZ; INOMOTO, 2012;
BELLE et al., 2017). In soybean crops, losses of 30—
50% in production were recorded (DIAS; GARCIA;
SILVA, 2010). According to Inomoto, Machado and
Antedoménico (2007), problems arising from the
infestation of this species were aggravated by the
introduction of a no-tillage system that, despite its
undeniable benefits, allowed the multiplication of the
pathogen, favoring its survival and the maintenance
of high populations during intercrop periods.

The management of both species is complex
and requires the adoption of integrated measures.
Planting leguminous species prior to the sugarcane
crop may be an efficient method in an integrated
phytonematode  control system (DINARDO-
MIRANDA; FRACASSO, 2009).

Due to the scarcity of vegetable material
resistant to root-lesion nematodes and limitations
regarding the use of chemical control, crop rotation
is becoming increasingly important. Thus, growing
plants as green manure is crucial, as it increases soil
coverage and the yield of subsequent crops
(DEBIASI et al., 2016).

In a study with leguminous plants, Obici et al.
(2011) observed that forage peanut (Arachis pintoi
Krap and Greg.), pigs (Canavalia ensiformis (L.)

DC), and Stylosanthes Campo Grande (Stylosanthes
capitata Vog. + S. macrocephala MB Ferreira and S.
Costa) in soils infested with P. zeae, promoted the
reduction of the parasite both in the antagonistic
plant and in sugarcane grown as a subsequent crop.
In another study, Santana et al. (2012) found that
pigeon pea (Cajanus cajan (L.) Mill) and crotalaria
(Crotalaria spectabilis Roth) effectively controlled
P. zeae.

Regarding the management of P. brachyurus,
studies have demonstrated the potential of some
species of green manures such as C. spectabilis and
C. ochroleuca L. However, these studies have also
warned of a possible multiplication of P. brachyurus
in C. juncea (MACHADO et al., 2007; RIBEIRO et
al., 2007). The findings of studies on the efficiency
in the control of the pathogen in black velvet bean,
dwarf velvet bean, gray velvet bean, and pigeon pea
differ (INOMOTO et al., 2006; MACHADO et al.,
2007). Therefore, the present study aimed to evaluate
the reproduction of P. zeae and P. brachyurus in
leguminous species used as green manures.

MATERIAL AND METHODS

The experiments were conducted in a
greenhouse at the Universidade Estadual de Maringa,
Regional Campus of Umuarama, in two different
periods. Each experiment was conducted in a
completely randomized design with four replicates.

For P. zeae, experiment 1 was conducted
from June to September 2012, under minimum and
maximum temperatures of 16.1 and 26.8 °C,
respectively, while experiment 2 was conducted
between November 2012 and February 2013, under
minimum and maximum temperatures of 21.2 and
32.1 °C, respectively. For P. brachyurus, experiment
1 was conducted between November 2012 and
February 2013, under minimum and maximum
temperatures of 22.1 and 31.2 °C, respectively, while
experiment 2 was performed in the same period of
the P. zeae experiment.

The reproduction of P. zeae and P.
brachyurus was measured in the species Crotalaria
juncea L., C. spectabilis, pigeon pea cultivar IPR 43,
dwarf velvet bean (Mucuna deeringiana (Bort)
Merr.), black velvet bean (Stizolobium aterrimum
Piper and Tracy), and jack bean (Canavalia
ensiformis), using maize cultivar IPR 114 and
soybean cultivar Pintado as controls. Initially, the
seeds of the evaluated species were placed in
polystyrene trays containing Plantmax® type
substrate. Approximately 10 days after germination,
the seedlings were transplanted into 2-liter vessels
containing soil:sand (2:1, v: v), previously
autoclaved at 121°C for 2 hours.

Three days after the transplant, the seedlings
were inoculated with the respective nematodes. The
inoculum of both nematodes was obtained from pure
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nematode populations and kept in greenhouse with
maize. For the extraction of pathogens, the
methodology of root nematode extraction proposed
by Coolen and D'Herde (1972) was adopted. The
obtained suspensions were calibrated for initial
populations (Ip) of 2,100 and 3,000 P. zeae/plant
specimens in the first and second experiments,
respectively, and 2,300 P.  brachyurus/plant
specimens in both experiments.

After 90 days of inoculation, the plants were
removed from the vases and the aerial part was
discarded. The roots were collected, -carefully
washed, and placed on towel paper to remove excess
moisture. Subsequently, root fresh mass was
determined with a semi-analytical scale and the
nematodes were extracted from the roots of each
plant as previously described. The final population
(Fp) of nematodes in the different experiments was
then determined. Finally, the reproduction factor (RF
= Fp / Ip) was assessed as follows: plants with RF >
1 were considered susceptible (good hosts); plants
with RF <1 were considered resistant (bad hosts),
and plants with RF = 0 (zero) were considered

immune, according to the classification proposed by
Oostenbrink (1966).

The data obtained in the different treatments
were submitted to analysis of variance and the means
were compared with the Scott-Knott test at 5%
probability. The statistical software SISVAR was
used for all analyses (FERREIRA, 2008). The means

were transformed by vx + 1 for the analysis.

RESULTS AND DISCUSSION

In experiment 1, P. zeae did not reproduce in
any of the plants assessed, as it can be seen in the
number of nematodes per g”' of root, final nematode
population, and RF (Table 1). On the other hand,
maize (used as control) had RF = 11.6, confirming
the viability of the inoculum. In experiment 2, P.
zeae showed high values of RF in maize (36.6) and,
although dwarf velvet bean and jack bean showed a
susceptible behavior, RF values were lower and the
other green manures were resistant or immune.

Table 1. Number of nematodes per g’ of root, final population, and reproduction factor (RF) of Pratylenchus zeae in
different plants used as green manures after 90 days of inoculation.

Treatment Nematodes per g”' of root Final population RF

Experiment 1
Maize* 711a 24316 a 11.6
Crotalaria juncea 0b 0b 0
Crotalaria spectabilis 0b 0b 0
Pigeon pea 0b 0b 0
Dwarf velvet bean 0b 0b 0
Black velvet bean 0b 0b 0
Jack bean 0b 0b 0
CV (%) 17.28 12.31

Experiment 2
Maize* 2928 a 109800 a 36.6
Crotalaria juncea 20c 596 ¢ 0.2
Crotalaria spectabilis Oc Oc 0
Pigeon pea Oc Oc 0
Dwarf velvet bean 211b 6098 b 2.0
Black velvet bean 8¢ 268 ¢ 0.1
Jack bean 228 b 4788 b 1.6
CV (%) 25.63 36.85 -

Means followed by the same letter in the columns do not differ by the Scott-Knott test at 5% probability. CV =
coefficient of variation. RF = Final population (Fp)/initial population (Ip) (OOSTENBRINK, 1966). Original means

transformed by Vx + 1, for statistical analysis. *Susceptible control.

The two species of Crotalaria in the study
effectively reduced P. zeae populations, according to
the RF value observed in C. juncea in experiment 2
(Table 2). The cultivation of C. spectabilis also
reduced this species in the study conducted by
Santana et al. (2012), with RF values ranging from
0.01 to 0.15 after 60 and 110 days of cultivation in
naturally infested soil, respectively. In another study,
Santana-Gomes et al. (2016) found a reduced
penetration rate of P. zeae in the roots of C.

spectabilis when compared to those of maize
inoculated with the same soil pathogen. Oliveira et
al. (2008) found that the rotational system of cane-
Crotalaria-cane, adopted in soils infested with a
mixed population of P. zeae and P. brachyurus,
reduced the populations of the pathogen by up to
48%, maintaining them at relatively lower levels for
extended periods when compared to other evaluated
systems. In other studies, C. juncea also allowed the
control of P. zeae in sugarcane when grown in
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succession systems with black velvet bean, reducing
the entire nematode population and increasing yield
by 10.77-22.06% compared to fallow (MOURA et
al., 2010). In addition, even when grown alone, this
plant showed superior results for the control of P.
zeae in sugarcane (SUNDARARAJ; MEHTA,
1990).

In addition to the management of P. zeae,
rotation of sugarcane with Crotalaria has other
benefits, such as the control of root-knot nematodes
(INOMOTO et al., 2006; MIAMOTO et al., 2016),
which, as well as P. zeae, limit crop yield. Moreover,
the efficiency in biological nitrogen fixation (BNF),
reaching 450 kg N ha™' year”, of this leguminous
plant produces approximately 30 t ha” of green
manure phytomass (WUTKE, 1993). Ambrosano et
al. (2010) also reported an increase in sugar
production of around 35% with the use of C. juncea
in rotation with sugarcane.

The efficiency of pigeon pea in the control of
P. zeae corroborates the results obtained by Santana
et al. (2012), who demonstrated that, regardless of
the type of naturally infested soil (clayey or sandy),
the species effectively reduced the levels of this
pathogen in soils. Furthermore, the resistance of
different pigeon pea varieties to P. zeae was
confirmed in other studies (ARAUJO FILHO et al.,
2010; SOUTO; GODOY; INOMOTO, 2011).

Black velvet bean was found to be more
efficient in P. zeae control than the dwarf velvet
bean, as it can be seen in the low values of RF
obtained in both experiments. However, several
studies have shown that this culture may react in
different ways. Santana et al. (2012) found that,
although the P. zeae population was lower in maize
after the leguminous plant was grown in clayey soils,
nematode reproduction was detected with RF values
ranging from 1.76 to 16.69 after 60 and 110 days of
cultivation, respectively. On the other hand, the same
authors observed small variations in RF values in
sandy soils (1.54-0). In another study, the cultivation
of velvet bean for three months, followed by
Crotalaria for another three months, and the reverse
treatment, reduced the reproduction rates of P. zeae
by 100% in naturally infested areas (MOURA,;
OLIVEIRA, 2009).

Although jack bean (Canavalia ensiformis)
allowed the multiplication of P. zeae in one of the
experiments of the present study, in other studies this
crop effectively controlled the population of the
pathogen in naturally infested soils of areas of sugar
cane cultivation. Moreover, in addition to promoting
the direct reduction of RF, it maintained low
population levels of the pathogen in subsequent
sugarcane crops (OBICI et al., 2011). This species
also effectively reduced the population of P. zeae in

the same crop (ARIM et al., 2006), with low
penetration of the nematode when compared to
maize (SANTANA-GOMES et al., 2016). In the
present study, a higher reproduction of P. zeae was
observed in experiment 2, when the average
temperature was higher. This is an indication that the
plant shows susceptibility to the nematode especially
under conditions that are favorable to the parasite,
possibly because the reproduction of this pathogen is
favored by temperatures near 30 °C (ACOSTA;
MALEK, 1979).

Regarding P. brachyurus, except for dwarf
velvet bean, which in experiment 1 was infested by a
total nematode population equal to that of soybean,
reproduction in all leguminous plants was lower than
that in the control treatment (Table 2). Crotalaria
juncea, C. spectabilis, and pigeon pea behaved like
bad hosts for the pathogen in both experiments,
unlike jack bean that proved to be a good host in
both experiments. For the leguminous plants dwarf
velvet bean and black velvet bean, there was no
repetition of RF values, that is, they behaved as good
hosts in experiment 1 and bad hosts in experiment 2.

The results obtained for Crotalaria (Table 2)
are consistent with studies previously published by
Machado et al. (2007) and Ribeiro et al. (2007), who
found lower RF values of P. brachyurus in C.
spectabilis than in C. juncea, although both crops
behaved as bad hosts. Similar results were obtained
by Inomoto et al. (2006), whose RF of P. brachyurus
in C. spectabilis was 0.16 after 63 days of
cultivation, and thus concluded that the crop was a
bad host for the pathogen. Moreover, in other
studies, growing C. spectabilis prior to soybean
reduced the populations of P. brachyurus under
greenhouse conditions (SANTANA-GOMES et al.,
2014) and in the field (DEBIASI et al., 2016).

Pigeon pea (Cajanus cajan), which was a bad
host crop for P. brachyurus, also reduced the
population of this nematode (incorporated or not to
the soil) in a study conducted by Vedoveto et al.
(2013). In a study conducted by Inomoto et al.
(2006), under greenhouse conditions in Piracicaba,
Sdo Paulo, the pigeon pea crop reduced the
population of the pathogen, and the incorporation of
this crop to the soil contributed to the control of P.
brachyurus in experiments conducted by Sharma,
Pereira and Resck (1982). However, research results
are variable, for example, Machado et al. (2007)
reported that the control of P. brachyurus by pigeon
pea may vary depending on the origin of the
nematode population and the cultivar of the crop. In
this regard, Inomoto et al. (2006) observed that
cultivar Fava Larga was susceptible to P. brachyurus
(RF = 1.57), while pigeon pea cultivar IPR 43 was
resistant to the pathogen (RF = 0.68).
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Table 2. Number of nematodes per g™ of root and reproduction factor (RF) of Pratylenchus brachyurus in different plants

used as green manures after 90 days of inoculation.

Treatment Nematodes per g”' of root Final population RF
Experiment 1
Soybean* 1106 a 20019 a 8.7
Crotalaria juncea 231b 1317b 0.6
Crotalaria spectabilis 212b 106 b 0.0
Pigeon pea Oc 0b 0.0
Dwarf velvet bean 508 b 7315 a 3.2
Black velvet bean 135b 2282b 1.0
Jack bean 162 b 2446 b 1.1
CV (%) 43.10 62.95 -
Experiment 2
Soybean* 2632 a 27373 a 11.9
Crotalaria juncea 224b 1389 ¢ 0.6
Crotalaria spectabilis 110b 649 ¢ 0.3
Pigeon pea 112b 1456 ¢ 0.6
Dwarf velvet bean 200 b 1840 ¢ 0.8
Black velvet bean 0b Oc 0.0
Pigeon pea 357b 5534 b 2.4
CV (%) 39.53 45.98 -

Means followed by the same letter in the column do not differ by the Scott-Knott test at 5% probability. CV =
coefficient of variation. RF = Final population in antagonistic plants (Fp)/ initial population (Ip) (OOSTENBRINK,

1966). Original means transformed by Vx + 1, for statistical analysis. * Susceptible control.

Black velvet bean was more effective in limit
P. brachyurus reproduction than dwarf velvet bean.
Thus, the selection of appropriate species is crucial.
In a study conducted by Vedoveto et al. (2013),
black velvet bean also reduced the population of P.
brachyurus, either incorporated or not, to the soil.
Sharma, Pereira and Resck (1982) reported a
decrease in the population of P. brachyurus and an
increase in the yield of soybeans grown in succession
to black velvet bean. Inomoto et al. (2006) also
observed the susceptibility of velvet bean to P.
brachyurus, with RF values of 14.35 and 8.73 for
black velvet bean and gray velvet bean, respectively,
after 63 days of inoculation. Machado et al. (2007)
confirmed these results when they reported the
multiplication of different populations of P.
brachyurus in velvet bean. In addition to the
aforementioned factors, Araujo Filho et al. (2010)
cited other aspects that contribute to different results
in studies involving nematodes, such as temperature
and the total period of the experiment.

Although jack bean was found to be
susceptible to P. brachyurus in both experiments, the
population found in the roots was statistically lower
than that of the control treatment. The multiplication
of the parasite in jack bean roots was at least five
times lower than that observed in soybean. The
effectiveness of jack bean in the management of P.
zeae had already been tested by Obici et al. (2011)
and Arim et al. (2006). However, few studies were
conducted on the effectiveness of this leguminous
plant on P. brachyurus populations. In this aspect,
Cassimiro et al. (2007) found that the population
levels of P. brachyurus 90 days after planting in soil
cultivated with jack bean were lower compared to six

other treatments (fallow, pineapple, C. juncea, dwarf
pigeon, black velvet bean, and marigold). Similar
results were obtained by Sharma, Pereira and Resck
(1982), who reported a significant reduction of P.
brachyurus in the soil when cultivated with jack
bean.

Dwarf velvet bean was found to be
susceptible to P. brachyurus, with an RF value of
3.2, corroborating Motta et al. (2005), who found an
RF of 1.24 after 68 days of inoculation of the plant
with the pathogen. However, Sharma, Pereira and
Resck (1982) reported that, under low infestation of
M. javanica and P. brachyurus, black velvet bean or
dwarf velvet bean effectively reduced the
populations of these pathogens and contributed to the
increase in the yield of subsequent soybean crops.

CONCLUSIONS

The species C. spectabilis, C. juncea, and
Cajanus cajan TPR 43 are examples of antagonistic
plants for P. zeae and P. brachyurus that can be used
in systems of rotation or succession of crops in
infested areas.
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