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Abstract

Plant-parasitic nematodes are one of the limiting factors for soybean production world-
wide. Overall, plant-parasitic nematodes alone cause an estimated annual crop loss of
$78 billion worldwide and an average crop yield loss of 10-15%. This imposes a chal-
lenge to sustainable production of food worldwide, since there has been increasing
demand for food supply and food security. Unsustainable cropping production systems
with monocultures, intensive use of soils and expansion of crops to newly opened areas
have intensified problems associated with new pests and diseases. Thus, finding and
applying sustainable methods to control diseases associated with soybean are in cur-
rent need. Over hundred nematode species, comprising fifty genera, have been reported
in association with soybean. Of these, the root-knot nematode Meloidogyne spp., cyst
nematode Heterodera glycines, lesion nematode Pratylenchus brachyurus and the reniform
nematode Rotylenchulus reniformis are major nematode species limiting soybean produc-
tion. Here, we report an up-to-date literature review on the biology, symptoms, dam-
age and control methods used for these nematodes species. Additionally, unusual and
emergent nematode species affecting soybean are discussed.

Keywords: control, damage, lesion nematode, plant parasitic nematodes, RKN, yield loss

1. Introduction

Soybean (Glycine max L. Merr) is the most important oilseed crop worldwide. Over the past
20 years, soybean production worldwide has doubled reaching ca. 210 million tons. In addition,
consumption has increased faster than its production. It is estimated that this trend will con-
tinue in the near future and that the increased demand for soybeans will reach 300 million tons
by the year 2020. Soy is used for food and feed, production of raw materials for the industry
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of vegetable oil and other purposes such as the manufacture of plastics, lubricants, candles,
varnishes, soaps, biodiesel and lecithin [1].

According to the United States Department of Agriculture (USDA), in the 2013/2014 crop-
ping year, USA, Brazil and Argentina accounted for 81.40% of the total world production
of soybeans, and China by 64.26% of all world imports. Brazil accounted for the production
of 86.27 million tons of soybeans, that is, 44.50% of the Brazilian production of grains with
Brazilian average productivity of 3000 kg/ha, which is the second largest producer and
processor of grains into meal and oil [1].

Currently, the rationality of production and the use of alternative fuels derived from bio-
mass, especially bio-ethanol and vegetable oils, are being increasingly recommended to
complement or improve the energy matrices worldwide. Among the producing crops for
energy biomass used for biodiesel production features the soybean that is being currently
studied as a promising crop for the production of biodiesel. However, in addition to eco-
nomic feasibility studies including energy efficiency, organization of production system and
crop adaptation, it is necessary to take into account policy studies related to diseases and
pests in agricultural systems where crops are or will be implemented in order to decrease
losses due to pathogen attack.

There has been increasing demand for food supply and food security. Unsustainable crop-
ping production system with monocultures, intensive planting and expansion of crops to
newly opened areas has increased problems associated with new pests and diseases. Among
these problems, plant parasitic nematodes are one of the limiting factors for soybean pro-
duction worldwide. Plant parasitic nematodes alone cause an estimated annual crop loss of
$78 billion worldwide and an average crop yield loss of 10-15%. Nonetheless, soybean yield
loss due to nematode parasitism is quite variable and mostly depends on factors such as
nematode species, their population levels, susceptibility of the cultivars, cropping systems,
temperatures, time of the year, region and soil factors including soil texture, pH and fertility.
The yield loss can reach up to 30-100% in some reported cases [2, 3].

More than 100 nematode species, comprising 50 genera, have been reported in association
with soybeans. In Brazil, the species that cause the most damage to soybean are Meloidogyne
javanica, Meloidogyne incognita, Heterodera glycines [4, 5], Pratylenchus brachyurus, the reniformis
nematode Rotylenchulus reniformis [6] and Tubixaba tuxaua [7].

Since pathogens such as plant parasitic nematodes represent major losses in agricultural sys-
tems, especially when the systems are not managed sustainably, the searches for information
on the occurrence of nematodes in the production system, population density, species, levels
of damage, and monitoring and management of these populations are essential in regions
where crops will be implemented.

The goal of this chapter is to report a literature review of main nematode species affecting soy-
bean worldwide and the methods used for their sustainable management in the field. Although
there are numerous nematode species associated with soybean, few of them have been con-
tinuously reported as major constraint to soybean production worldwide. These include:
(i) Meloidogyne spp.; (ii) H. glycines; (iii) Pratylenchus brachyurys and (iv) R. reniformis (Table 1).
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Common name Species name
Root-knot nematodes Meloidogyne spp.

M. incognita

M. javanica’
Soybean cyst nematode Heterodera glycines’
Root lesion nematode Pratylenchus brachyurus’
Reniform nematode Rotylenchulus reniformis’
Lance nematodes Hoplolaimus spp.
Spiral nematodes Helicotylenhus spp.

Helicotylenchus dihystera
Sting nematodes Belonolaimus spp.
Other emerging nematode species Aphelenchoides sp.

Scutellonema brachyurus

Tubixaba tuxaua

‘Indicate the most damaging nematodes on soybean.

Table 1. Most common plant parasitic nematodes associated with soybean worldwide.

2. Major nematode species affecting soybean

2.1. Root-knot nematodes (Meloidogyne spp.)

Root-knot nematodes (RKN), Meloidogyne spp., are the most economically important group
of plant parasitic nematodes worldwide. Currently, there are more than 90 described RKN
species [8] parasitizing more than 2000 plant species, which represent a real threat to the
agriculture worldwide [9]. RKN species that are associated with soybean in Brazil include
M. incognita, M. javanica and M. arenaria [10-12]. M. javanica and M. incognita have wide dis-
tribution in soybean-growing areas in Brazil, whereas M. javanica is the most aggressive spe-
cies with broad geographic distribution, due to favorable conditions for its multiplication in
susceptible hosts [11].

In several field surveys for RKN nematodes in main regions of soybean production in Brazil,
M. javanica was reported as the most prevalent species (64%) [13]. In Ref. [4], the authors
found that M. javanica (77%) and M. incognita (31%) were the most prevalent two RKN species
on soybean fields. Other RKN species have also been reported in soybean fields with lesser
extents, including M. morocciensis [13], M. paranaensis [14] and M. ethiopica [15].

In a survey of more than hundreds of soybean fields in USA, it was found [16] that M. incog-
nita was the most prevalent species (70%), followed by M. javanica (24%) and M. arenaria (6%).
In a study carried out in South Africa [17], the study found that 91% of soil and root samples
were infested by Meloidogyne spp. including M. incognita, M. javanica, M. arenaria, M. hapla and
M. ethiopica. Studies carried out in Argentina [18] reporting the distribution and frequency of
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RKN nematodes in soybean fields found that the Meloidogyne spp. were widely distributed in
the country and that M. incognita and M. javanica were the most species frequently detected.
Other species were M. arenaria, M. cruciani, M. decalineata, M. hapla and M. ottersoni.

Symptoms in the field include yellowing and sub-development of infested plants. RKN nem-
atodes induce hypertrophy and hyperplasia of infected cells leading to swelling of tissues
commonly known as galls. The number and sizes of galls vary depending on the susceptibil-
ity of the cultivar, population density and favorable temperatures [19]. RKN-infected roots
change their nutrient and water uptake, leading to decreased yield. Commonly, there are high
levels of intraspecific variation within Meloidogyne genome, and this variability may play an
important role in changes in morphology and cytogenetics and ultimately their capacities to
reproduce in certain hosts [20].

RKN are endo-sedentary parasitic nematodes. The second-stage juvenile (J2) is the infective
stage. After RKN hatch from eggs, the ]2 migrates through the soil toward suitable root and
uses special enzymes and the stylets to force penetration into the vascular cylinder where
RKN establish their feeding site by inducing hypertrophy and hyperplasia of a group of cells
leading to swelling and formation of giant cells. On this site, nematode goes through three
more molting to become a swollen young female. Mature females begin laying eggs in the
root, forming mass eggs wrapped in a gelatinous matrix. Each egg mass contains 400-500 eggs
on average, and it is formed in the midst of cortical parenchyma or on the surface of the roots.
The embryonic development of the nematode results in the first stage (J1) passing through
an ecdysis in the egg, followed by the second stage (J2). Adult males do not feed on soybean
roots; they leave the root and move freely in the soil until they die [20].

To control RKN is extremely difficult. Currently, the most effective and environmentally
sound way to control RKN is the use of resistant cultivars that stand good yield and have been
tested in a particular region where soybeans are planted [11], the use of tolerant genetic mate-
rials and rotation/succession with non- and poor host crops [10, 12]. The use of nematicides at
planting or via seed treatment is an option. However, they are costly, not very effective, and
have side effects to human and to the environment [21].

Currently, several soybean genotypes have been described as resistant or moderately resis-
tant to M. javanica and M. incognita, even though the levels of resistance are not very high [11].
Almost all soybean cultivars are descended from a single source of resistance from the culti-
var ‘Bragg’ from USA. In the cultivar Bragg, there are other sources of resistance that is used
in breeding programs, such as Hartwig, Kirby, Cordell and Leflore cultivars that exhibit resis-
tance to the soybean cyst nematode H. glycines [11] in addition to the resistance to Meloidogyne.

For the 2014/2015 cropping year, the following soybean cultivars were released by Embrapa
with reported resistance to M. javanica (BRS Corisco), M. incognita and M. javanica (BRS
7980), M. incognita (BRS 8180RR), M. javanica, M. incognita and the cyst nematode H. glycines
(BRS73800RR) [22, 23].

Prior to using resistant soybean cultivar in a certain area, grower should consider the nema-
tode species present in the field, because, although there may be predominance of one species
of nematode over another, the presence of mixed populations is very common, which may
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limit the use of resistant varieties. In addition, in the choice of soybean cultivar, grower must
take into consideration the adaptation and yield potential of the cultivar.

However, other control methods for RKN should also be considered. For instance, the use of
antagonistic non-host plants such as Crotalaria spectabilis, C. grantiana, C. mucronata, C. paulinea,
Stizolobiun aterrinnum, S. cinereum or Raphanus sativus has been shown to reduce M. javanica
and M. incognita nematode population density and improve soil quality [24]. Therefore, the
use of these combined management methods may be effective to reduce initial nematode
population in soybean-growing areas and enhance soybean yield.

2.2. Soybean cyst nematode (H. glycines)

The soybean cist nematode, H. glycines, is one of the most yield-limiting nematode species,
which affects soybeans, Phaseolus vulgaris, Vigna angulares and Vigna radiata in several regions
worldwide [11, 25, 26]. This nematode was first reported in 1915 in Japan, since then it has
been disseminated to most areas where soybean is cultivated. In Brazil, soybean cyst nema-
tode was first reported in 1991, and nowadays, it is present in most areas where soybean are
planted covering an area of ca. 2-3 million hectares [11, 26, 27]. Yield losses associated with
this nematode can be as high as 30% depending on the region, soybean system and genetic
background of the cultivar [11, 28].

Mature females of soybean cyst nematode retain their eggs inside their bodies after their
deaths. The body is formed by a cuticle embedded with polyphenol tanning, resulting in a hard
protective structure name cyst which is viable overwintering in the soil for up to 6-8 years.
Thus, once the nematode is introduced in soybean fields, it is almost impossible to eliminate it
completely. Females can also lay eggs in egg sacs. With stimuli of host root exudate, moisture
and temperature, juvenile nematode (J2) hatches from eggs or emerges from cyst and moves
freely in the soil. This is the only life stage that is able to infect plant. Following the stimulus of
root exudate, J2 can use its stylet and degrading enzymes to penetrate the root and gain access
into vascular tissue. There, J2 injects special enzymes that modify and transform a group
of cells into specialized feeding sites (nurse cells). Female nematode then becomes lemon
shape and eventually breaks through the root tissue and becomes exposed on the root surface.
Mature female produces eggs (200—400) either in egg sac or inside the body (cyst) [24, 28].
The cyst then persists in the soil for several years. The entire cycle is completed in 24-30 days
depending on optimal conditions, such as moisture and temperature (23-28°C) [26, 28, 29].

Usually, the nematodes can complete three to six generations a year. The cyst nematode
reproduces by sexual reproduction (amphimixis), and its genome is characterized by an
extremely high diversity, leading to several races of the pathogen. Soybean cyst nematodes
can be spread to long distances effectively by means of infested soil particles, farm machinery,
vehicles, tools, wind, water and animals among others [29, 30].

Symptoms of soybean cyst nematode can be mistaken for other disease symptoms as well as
for management-associated problems, including iron and other nutrient deficiencies, herbi-
cide toxicity and drought stress [29]. The appearance of cyst nematode symptoms attributed to
other causes may lead to non-detection of the nematode for several years until its population
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builds up. Soybean infected with cyst nematode appears in the field as irregular patches of
stunted, yellowed, less developed plants. Usually, symptoms are more severe in light sandy
soils, but it also occurs in heavy soil. The root system infected with soybean cyst nematode is
smaller and stunted, and the infection affects nodule formation and decreases nitrogen fixa-
tion. In addition, nematode-infected roots are more prone to soilborne fungi and bacterial
pathogen secondary infection. The presence of adult females and cysts attached to soybean
roots is typical of soybean cyst nematode infection [25, 26, 29].

Since soybean cyst nematodes can survive inside cysts for several years, once the nema-
todes have been introduced into soybean field, they are not likely to be easily eradicated.
Nonetheless, there are recommended cropping management practices that minimize the
problem. For instance, the use of soybean resistant varieties is the most effective way to control
this nematode and have been used successfully. Several soybean cultivars have been released,
and their sources of resistance come from the parental cultivars PI88788 or the Peking. To
avoid breakdown of resistance, it is recommended to use cultivars alternately [11, 29]. It is
recommended to use alternately among susceptible and resistant cultivars. For instance, use
one susceptible cultivar after two to four years of cultivation with resistant cultivars [29]. In
Brazil, most resistant soybean cultivars are specific to races 1 and 3 and are not well adapted
to every soybean-growing region. Besides, due to soybean rust disease, growers are choosing
early maturity varieties which are more susceptible to cyst nematode [11].

Another effective method in controlling soybean cyst nematode is the use of rotation with
non-host crops. Soybean cyst nematode has a narrow host range which facilitates rotation
with other non-host crops. The pathogen levels in the soil significantly decrease, once there
is no suitable host for infection. Good examples of non-host crops are maize, sorghum, oat,
alfalfa, rice, cotton, sunflower and castor bean. Rotation for 1 year with one of these crops sig-
nificantly decreased the population level of cyst nematode, allowing planting of susceptible
soybean cultivar in the following cycle [11].

Although the use of soybean resistant cultivars and crop rotation has worked well, growers
should be careful to provide good management practices in soybean areas, including good
pH levels and soil fertility in order to maintain the effects of these disease control methods
[11, 25, 29]. In summary, the scheme using crop rotation and resistant and susceptible variet-
ies is the best way to manage soybean cyst nematode. For example, the use of maize, resistant
soybean cultivar and susceptible soybean cultivar has been one of the best approaches to
manage the nematode in the field [11].

2.3. Root lesion nematode (P. brachyurus)

Root lesion nematode, P. brachyurus, has become an increasingly important parasite of soy-
bean in the tropics and subtropics [31]. It has a broad host range and is widely distributed in
tropical and subtropical regions, especially in Brazil [32], Southern United States and Africa
[32, 33]. Its occurrence in soybean fields has been increasing lately due to expansion and
cultivation of soybean in newly opened area of native savannas in Brazil contributing to the
overall losses observed in soybean field due to nematode attack [10, 34, 35].
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More than 50% of soybean in Brazil are produced in the Cerrado region (vegetation like
savanna), with an increase in production over 100% in the central and northeast region [35].
The expansion in areas planted with soybean in the Cerrado region has contributed to inten-
sive agriculture, leading to agronomic challenges, including nematode infection [35]. Among
plant parasitic nematodes that infect soybean, P. brachyurus is one of the most important spe-
cies, especially in these newly opened areas in the Cerrado region. Recently, its incidence has
been rising with overall losses of soybean estimated at ca. 10-30%, especially under sandy soil
and irregular rainfall [6, 35].

Pratylenchus species is commonly referred to as the root lesion nematode due to the typical
symptoms of necrosis it causes in the roots. The species is considered a migratory endopara-
sitic nematode, normally found within the roots and between the roots and soil particles [31].
Pratylenchus species is smaller than 1 mm length. Males and females are wormlike, differing
only in the sexual characters. Females have one ovary (monovarial) and reproduce by sexual
reproduction called amphimixis or by mitotic and meiotic parthenogenesis. They are eas-
ily recognized by the sclerotized labial region and ventral overlapping esophageal glands
and usually by dark intestinal contents. The stylet is well developed with broad basal bulbs.
Most species are polyphagous, showing the ability to parasitize cultivated plants—perennials,
semi-perennials, annuals as well as weeds [31].

Root lesion nematodes are more common on sandy soils and regions with high temperatures.
Eggs are deposited in the roots (cortex) or in the soil. The incubation period ranges from six
to eight days at a temperature of 28-30°C. The first molt takes place inside the egg and the
other three occur out of the egg. Males and females emerge in 29-32 days. However, at low
temperatures the life cycle may be longer. Usually, this nematode occurs in low population in
the soil and at high population inside root tissue [33].

P. brachyurus population levels usually decrease in dry season and increase at optimum soil
moisture. However, under greenhouse this nematode was able to survive 21 months in soil
without any host or moisture, indicating its increased ability to persist in the soil [31]. In the
evaluation for the survival of P. braghyurus at different substrates with low moisture content,
it was found [36] that even after 90 days in dry soil, there were a high number of viable nema-
todes in the substrates. This finding indicated that the nematode was able to survive in the off
season in the absence of host, contributing to new source of inoculum for the following crop.

All P. brachyurus adult and juvenile stages are infective and migratory and move freely within
the roots and between the roots and soil. The nematode uses its stylet to penetrate by means
of mechanical force or using degrading enzymes. However, the nematode easily leaves the
root system when conditions become unfavorable, switching to the soil [31]. Therefore, when
the nematode parasitizes soybean roots, it causes lesions in the roots, causing damage to the
cortical parenchyma and forming galleries in the tissue due to intense feeding and move-
ment of the nematode, and these lesions lead to secondary infection by fungi and bacterial
pathogens [37].

Symptoms of P. brachyurus infection in soybean are nonspecific and can easily be overlooked
or confused with symptoms caused by other pathogens, nutritional deficiencies or water
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stress. Infected soybean plants are less developed and less bulky, with root necrosis and dis-
colored roots (reddish-brown to dark-brown), due to the coalescence of many necrotic lesions
internally caused by the nematode. Such symptoms limit water and nutrient uptake in the
roots, leading to aerial symptoms that can be seen in stunted plants with chlorosis, wilting
and overall yield losses [38].

Pathogenicity studies suggested that P. brachyurus is well adapted to parasitism. For
instance, even at an extremely high population levels in the soil, it usually is not enough
to kill host plant. Moreover, damage threshold varies greatly depending on environmental
factors and combination of Pratylenchus species and host plant, ranging from 0.05 to 30
individuals per cm? of soil [37].

P. brachyurus is common in soybean fields in Central and Northern Brazil and is associated
with soybean yield losses in the fields. Studies on the soybean yield losses under the field con-
ditions are difficult to carry out, since several factors may occur simultaneously masking the
real effect of the nematode. For instance, factors such as weeds, low soil fertility, uneven distri-
bution of rainfall as well as other diseases may result in low soybean yield [38]. Nonetheless,
surveys in this area have shown a positive correlation of increased nematode incidence with
a drop in soybean yield. For example, in Central Brazil, soybean yield was normally around
2600 kg per ha, while during cropping season of 2008/2009 it dropped to 2400 kg per ha and
to 1850 kg per ha during 2009/2010 [39]. In this region, yield losses of up to 30% due to the
nematode have been reported.

In Northern Brazil, P. brachyurus has commonly been found in soybean fields, especially in
the Cerrado region of Tocantins State. Nematode infestation in this region has been increas-
ing and certainly has interfered with soybean yield due to high population densities mainly
due to monoculture systems and use of newly opened areas. The population densities of
P. brachyurus observed in different soybean areas located in Tocantins State ranged from
23 to 8482 individuals per 10 g of roots and were negatively correlated with soybean yield
losses [35].

To assess the effect of P. brachyurus on soybean variety MONSOY 9144 under field condi-
tions in an area located in the Cerrado region with sandy soil, Lima et al. [35] determined the
nematode population level inside and outside infestation pattern and correlated it to soybean
production parameters (number of internodes, stem diameter, leaf number, root dry weight,
shoot dry weight, pod number and plant height). They observed that the higher the popula-
tion density of the nematode, the less the performance of soybean, thus showing that the
nematode had negative effect on soybean. They also reported that the impact of P. brachyurus
was severe in fields with sandy soil causing reductions in plant height (ca. 82%), dry weight
of seeds (85%), dry weight of stems (81%) and pod number (39.7%) in nematode infestation
foci compared with plants outside the foci. Results of a study carried out in 2011/2012 in Vera,
Mato Grosso state by Franchini et al. [40] indicated that there was a highly negative correla-
tion between soybean yield and nematode population, with 50 kg loss in yield for every 82
nematodes per gram of soybean roots. Overall, yield losses ranged from 50 to 1400 kg/ha,
with an average of 600 kg/ha (21%) yield reduction.



Nematodes Affecting Soybean and Sustainable Practices for Their Management
http://dx.doi.org/10.5772/67030

P. brachyurus is highly polyphagous, of which control is difficult. According to Santana Gomes
et al. [24], it is difficult to control this nematode in soybean field, especially when using soy-
bean in rotation or succession with other economically important agronomic crops that may
also reproduce the nematode. These crops usually are cotton, pasture, corn, bean, sorghum,
peanut, potato, tobacco, eucalyptus, rubber, pigeon pea, pineapple, some vegetables, sugar-
cane, coffee and rice [41].

Among these economically important crops, maize is the main one used in succession or
rotation especially with soybeans. However, this management strategy enables increase in
P. brachyurus population, since most maize hybrids tested have controversial results for resis-
tance to this nematode. Furthermore, only a fraction of the commercial genetic material cur-
rently available has been evaluated, and generally the most productive hybrids multiply this
nematode [41].

The use of soybean resistant varieties is probably the best way to control nematode infec-
tion, because it is easy, cheap, effective and environmentally safe. Host resistance has been
explored. However, no P. brachyurus-resistant soybean varieties have been identified so
far [42]. Although several soybean genotypes have been studied regarding their resistance
against this nematode [43], breeding resistant cultivars against P. brachyurus is difficult due to
the fact that this nematode is polyphagous and lacks a close interaction with their hosts [41].
Hence, current management recommendations for reducing P. brachyurus in soybean include
crop rotation or succession with non-host, as well as fallow [35].

Seed treatment with nematicides has also been suggested to control P. brachyurus. According
to Bessi et al. [44], seed treatment with nematicides can be an effective control method for
this nematode, since it avoids damage in early stages of plant development, which stimulates
the development of roots and minimizes the effect in case of drought stress. Several studies
reported the effect of the seed treatment in reducing P. brachyurus population level in soybean
[45]. Nonetheless, studies reporting the effectiveness of the seed treatment in controlling this
nematode are still quite rare, and its use is questionable due to high cost of nematicides and
low effectiveness due to short period of time in which plants are protected.

2.4. Reniform nematode (R. reniformis)

The reniform nematode, R. reniformis, was first described in 1940 infecting cowpea roots
(Vigna sinensis Endl.) in Hawaii [46]. As a plant parasitic nematode, it was first reported in
cotton in Georgia and in tomato in Florida [47]. This nematode belongs to the phylum of
Nematoda, class of Chromadorea, subclass of Secernentia, order of Rhabditida, superfamily
of Tylenchoidea, family of Hoplolaimidae, genera of Rotylenchulus and species of R. reniformis,
reviewed in Ref. [48].

R. reniformis has a broad host range and parasitizes more than 140 plant species within 46
plant families. It parasitizes ca. 57 plant species with economic importance. Among the plants,
cotton, pineapple, sweet potato and soybean are the most affected ones [49]. Other crops have
been rated as good hosts to R. reniformis, including tea, tomato, kidney bean, cowpea, pigeon
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pea, castor bean, passion fruit (purple/yellow), melon, papaya, potato, okra, citrus, coffee,
banana and a significant number of weeds. The nematode R. reniformis, therefore, is consid-
ered a cosmopolitan species and is currently widely distributed in tropical, subtropical and
temperate areas of South America, North America, Caribbean, Africa, southern Europe, the
Middle East, Asia, Australia and the Pacific [50].

Sikora et al. [51] studied R. reniformis survival in soybean fields in Alabama/USA and found
that the nematode showed a 32% survival rate, being the most common plant parasitic nema-
tode present in the area and that the nematode may significantly reduce soybean yield and
cause economic losses as well. The authors also hypothesized that the high incidence of the
nematode was probably due to a change from cotton to soybean.

R. reniformis is widely distributed in Brazil and is found to parasitize soybean, pineapple,
banana, coffee, castor bean, passion fruit, tomato and cotton [48]. From the end of the 1990s,
the reniform nematode has increased its importance in soybean, especially in the west of
Brazil where soybean is planted following cotton crop. It is estimated that currently, the nem-
atode occurs at high population densities in about 29% of areas planted with soybeans in
Mato Grosso State, one of the main soybean-producing states in Brazil [11]. R. reniformis has
also been reported in other soybean-producing regions in Brazil. However, information about
yield losses and economic damage is scarce [19].

The genera Rotylenchulus have 10 species, and they are considered semi-sedentary endopara-
sitic nematodes whose life cycle comprises the following sequence of events: worm shape
sexually immature females are the infective stage. Females migrate in the soil searching for
soybean roots or another suitable host and penetrate them until reaching the anterior region of
the parenchyma pericycle. There, the nematodes inject special proteins to induce specialized
cells (nurse cells) to feed them until the end of their life cycle. Once nematodes begin to feed,
they become sedentary and have gradually swollen bodies, until they reach sexual maturity.
The portion of the female body that stays out of the root acquires a shape similar to a kidney,
from which the nematode name ‘reniform” comes. Females lay eggs in egg masses (50120 per
mass) on the surface of rootlets. The optimum temperature is around 30°C. The proportion
of males and females is approximately 1:1, and they reproduce by sexual reproduction called
amphimixis. However, some populations can reproduce by parthenogenesis, and in this case,
the males are rare or absent. R. reniformis males do not parasitize roots of soybean, and their
stylets and esophaguses are much less developed compared to females, reviewed in Ref. [48].

Symptoms caused by R. reniformis in soybean somewhat differ from those caused by other
nematodes. Soybean crops grown in infested soils are characterized by uneven growth, with
large areas of undeveloped plants, which resembles mineral deficiency or soil compaction.
There is also no occurrence of typical yellowing spots. Roots parasitized with R. reniformis do
not show hypertrophy and hyperplasia of cells and do not form galls. The root system shows
poorer development and in some points of the root can be seen a layer of soil adhered to the
egg masses of the nematode, which are produced outside the root tissue. Yet, unlike other
nematode species occurring in soybeans, the reniformis nematode does not seem to have its
occurrence limited by soil texture, occurring in sandy soils as well as in clay soils. R. reniformis
usually is the predominant species in clay soils [11].
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The wide host range of R. reniformis is a limiting factor for the use of crop rotation to manage
this nematode species. An alternative is the use of cover crop such as C. spectabilis or its use
in consortium with maize which has shown good results in decreasing nematode population
level. In fact, this consortium was the most effective way to reduce this nematode population
[31]. The reniform nematode is one of the major nematode species infecting cotton, maize and
soybean in central Brazil. Considering its high aggressiveness to cotton and the increase in
areas planted in rotation/succession with cotton, soybean and maize in central Brazil, it is very
important to know which cultivars are indicated for planting in these areas [52].

A promising alternative control to R. reniformis is the use of crops such as rice and peanut and
the Brachiaria grass at an integration scheme with crop/animal husbandry or in rotation with
soybean or cotton. In addition, crops grown in autumn/winter that are used as cover crop in
tillage systems and are resistant to R. reniformis, including Brachiaria, turnip, sorghum, black
oat, millet and the Indian goose grass are good option as well. Growers should avoid the culti-
vation of amaranth and quinoa, which are both susceptible. Due to variation observed within
varieties/hybrids of different plant species, it is recommended to test for host suitability prior
to planting these varieties. The reniform nematode is well persistent in the soil, and depend-
ing on its population density, there may be a need for at least two years of cultivation with
non-host species in order to decrease its population level [11].

Considering the host resistance, some soybean varieties are recommended against R. reniformis.
For example, soybean cultivar BRS 399RR is tolerant to glyphosate and resistant to multiple
nematode species, including the root-knot nematodes M. incognita and M. javanica, the reniform
nematode R. reniformis and races 3 and 14 of the cist nematode H. glycines, and shows tolerance
to the lesion nematode P. brachyurus [22]. Soybean cultivars BRS 359RR and BRS 360RR have
also been reported as resistant to R. reniformis. These are short-cycle cultivars allowing planting
of second maize cropping within a planting year besides being resistant to this nematode [23].

Additionally, other sources of resistance have been assessed against R. reniformis. For instance,
Asmus [52] reported some soybean cultivars as resistant to this nematode, which had similar
performance in comparison with the resistant control cultivar Custer. Except for the PI8878S,
soybean cultivars that have been rated as resistant to the cyst nematode also conferred resis-
tance to R. reniformis [52]. The soybean cultivars ‘"M-S0OY 8001" and ‘CD 201" have also been
reported as resistant to R. reniformis [53].

3. Other emerging nematode species threatening soybean production

Lately in Brazil cases of unusual, emergent nematode species affecting soybean fields have
been reported. For instance, the nematodes Aphelenchoides sp. [54], T. tuxaua [7], Scutellonema
brachyurus [55] and Helicotylenchus dihystera have been found in high population densities
with fast dissemination in soybean fields, in which infected plants have shown pronounced
symptoms typical of nematode infection.

A new soybean disease named ‘crazy soybean’ is caused by Aphelenchoides sp. [55] and char-
acterized by reduced yield. Due to the disease, abortions of flowers and pods and distorted
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leaves have been seen in some regions of soybean-producing areas. The intensified land use
with major monoculture crops and unsustainable management practices has resulted in new
problems associated with nematode infection. In future studies, it is important to determine
the real distribution of nematode in soybean fields, the mechanism by which nematode
decreases soybean yield and the ways to manage nematode [56].

4. Concluding remarks

This review has shown that there are a significant number of plant parasitic nematodes nega-
tively impacting soybean yield worldwide. Due to intensified land use, monocultures and
the use of unsustainable management practices, uncommon nematode species are becoming
a new threat to soybean production. This imposes a real challenge to researches to search
promptly for new approaches to manage these nematode diseases. Researches and growers
should recognize that in fact, nematode diseases negatively impact soybean yield and that
sustainable management practices should be considered in order to decrease nematode popu-
lation level and have a good yield performance. When deciding the management approaches,
it is essential to consider them holistically.
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