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ABSTRACT

A study was conducted to understand the role of different soybean production systems and soil chemical and
physical attributes on phytonematode population density in a physical model of production systems. In an area of
28 hectares, the following production systems were established 26 years ago: a) conventional system (CS) -
succession of soybeans in summer and oats in winter, and continuous soil preparation with disc harrow; b) no -till
system (NTS) - with rotation of summer crops (soybeans and corn) and winter crops (wheat, oats, and fodder
radish); c) integrated crop-livestock system (ICLS) - conducted in no-till system and using Urochloa brizantha
(cultivar Piatd) pasture, in crop-livestock rotation every two years; d) permanent pasture system (PP) - U. brizantha
(cultivar Piat) with beef cattle. Twenty six years after the systems wereinstalled, soil samples were taken for
nematological analysisand analysis of the soil's chemical and physical attributes. The results showed an almost
absolute prevalence of the reniform nematode (Rotylenchulus reniformis, Rr) in the area. The PP system had the
lowest population (average of 2 Rr/200cc), followed by the ICLS systems (average of 12 to 25 Rr/200cc). The
highest population densities were observed in the CS system (1068 Rr/200cc) and the NTS system when soybeans
were grown in the last two years before sampling (1361 Rr/200cc). The highest population densities of R.
reniformis were associated with higher soil density in the arable layer, higher Kand P levels in thesoil, and lower
organic matter contents.

Keywords: Reniform nematode, Cultural management, Crop rotation, Integrated Crop-livestock.

Populagdo de Rotylenchulus reniformis condicionada por sistemas de producdo de soja e
atributos do solo

RESUMO

Realizou-se um trabalho visando conhecer o papel de diferentes sistemas de producéo de soja e de atributos
quimicose fisicos do solo sobre a densidade populacional de fitonematoides em um modelo fisico de sistemas de
producdo. Em érea de 28 hectares, foram estabelecidos, ha 26 anos, 0s seguintes sistemas de producdo a)
convencional - SC: sucessdo de sojano verdo e aveiano inverno, e preparo continuo do solo com grades de discos;
b) plantio direto - SPD: com rotagdo de culturas de verdo (soja e milho) e inverno (trigo, aveia e nabo); c¢)
integracdo lavoura-pecuaria - ILP: conduzido em plantio direto e utilizando pastagem de Urochloa brizantha cv
Piatd, em rotagdo lavoura-pastagem a cada dois anos; d) pastagem permanente (PP) de U. brizantha cv Piatd com
pecudria de corte. Vinte e seis anos apos a instalagdo dos sistemas, foram realizadas amostragens de solo para
analises nematolodgicas e de atributos quimicos e fisicos do solo. Os resultados apontaram prevaléncia, quase
absoluta, do nematoide reniforme (Rotylenchulus reniformis, Rr) na area. A menor populacdo foi encontrada no
sistema PP (média de 2 Rr/200cc), seguida dos sistemas de ILP (média de 12 a 25 Rr/200cc). As maiores
densidades populacionais foram observadas no SC (1068 Rr/200cc), e no SPD, quando houve cultivo de soja nos
dois ultimos anos antecedendo a amostragem (1361 Rr/200cc). As maiores densidades populacionais de R.
reniformis foram associadas a maior densidade do solo na camada aravel, teores mais elevados de Ke P no solo, e
menores teores de matéria organica.

Palavras-chave: Nematoide reniforme, Manejo cultural, Rotacdo de culturas, Integracéo lavoura-pecuaria.
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1. Introduction

Phytonematodes are among the main phytosanitary
problemsin agricultural production. The damage caused
to plants is usually associated with the presence of
nematodes in high population densities, resulting from
the sequence of cultivation of susceptible plant species
or varieties and favorable soil and climate conditions
(McSorley, 1998). The fact that they are organisms that,
at least in some phase of their lives, inhabitthe edaphic
environment implies that changes in the chemical,
physical, and biological conditions of soils can
substantially alter their population density, plant
tolerance, and, consequently, the damage caused to
crops of susceptible species (Galbieri et al., 2016).

In several soybean and cotton production regions,
the incidence of high population densities of the
reniform nematode (Rotylenchulus reniformis Linford
and Oliveira 1940) stands out as one of the main causes
of plant non-uniformity and reduced cropyield, which
can be aggravated in production systems involving the
cultivation of cotton in succession to soybean (Sikora et
al., 2018; Silvaetal.,2021).

Rotylenchulus reniformis is a polyphagous species
that commonly occurs in regions with a tropical or
subtropical climate (Robinson et al., 1997). The
characteristic of entering a state of anhydrobiosis under
conditions of low soil humidity (Tsai and Apt, 1979)
allows the nematode to survive for long periods without
favorable host plants, which can complicate
management programs for this pest. The lack of a clear
symptomatological picture means that thisnematode is
sometimes overlooked, and the unevenness of crops is
attributed to other causes of a physical or chemical
nature in the soil.

Cultivar resistance can be an important management
tool for R. reniformis in soybean cultivation, given the
existence of good sources of resistance (Jiao et al.,
2015; Klepadlo et al., 2018). However, few
commercially available cultivars combine resistance to
R. reniformis with other desirable agronomic
characteristics. In Brazil, soybean breeding programs
have not considered the introgression of resistance to
this nematode in their elite cultivars. Exceptions are
soybean cultivars, which, during the introgression of
resistance genes to Heterodera glycines, bring
resistance to R. reniformis (Davis et al., 1996).

However, these cultivars have only beendeveloped for
regions where H. glycines is prevalent. Therefore,
soybean rotation and succession programs with non-host
crops become an important managementstrategy for R.
reniformis.

Despite the polyphagous nature of R. reniformis,
there are economically important crops that behave as
non-hosts, such as rice, corn, sorghum, oats, wheat, and
sugarcane, which have proven to be very useful in the
management of R. reniformis (Robinson et al., 1997;
Sikoraetal.,2018). In addition, growing forage grasses
is an excellent alternative for reducing the nematode
population density in the soil (Gardiano et al., 2012).
Thus, crop livestock integration systems can be
alternatives for the cultural management of this
nematode.

Unlike other phytonematodesin soybean crops, R.
reniformis occurs in higher population densities and
causes more significant damage in clay textured soils
(Robinson et al., 1997; Star et al., 1993). The role of
other attributes of the soil environment on the
populationdensity and damage caused by R. reniformis
is still poorly studied. Thus, understanding the
relationship between the changes in the soil
environment caused by different land use and
management systemsand the population density of R.
reniformis is fundamental to formulating strategies for
coexistence with this phytonematode, giving
sustainability to agricultural activity. Based on this, this
study aimed to determine the impact of integrated,
diversified production systems established 26 years ago,
as well as variations in the physical and chemical
attributes of the soil, on the population density of R.
reniformis.

2. Material and Methods

In 1995, four production systems were established in
an area of 28 hectares of the Experimental Station of the
Embrapa Western-Region Agriculture, in Dourados,
MS, Brazil (22°16'55.0“S, 54°48'18.1” W, and an
altitude of 400 meters), on a Latossolo Vermelho
Distroférrico tipico, caulinitico, with 630, 215,and 155
g kgt of clay, silt, and sand, respectively. The chemical
attributes of the soil where the study was conducted are
shown in Table 1.

Table 1. Average values of the main chemical attributes in the soil layers at the time the experiment was set up.

Soil layer pH Al Ca Mg K P
cm HO e cmol, dm-3---------mmmeeee mg dm-3
0-5 55 0.45 4.3 2.5 0.87 19
5-15 5.3 0.87 4.0 1.8 0.37 14

15-30 53 0.79 3.8 1.8 0.21 8

P and K: Mehlich extractor.
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The following describes the systems: The
Conventional System - CS (a) represents the traditional
form of agriculture in the regionwhen the experiment
was set up, occupyinga 2 ha plot and being conducted
with soybeans in the summer and oats in the winter. The
soil was prepared conventionally, using disk harrows
(heavy + light), without crop rotation. The soybean crop
was fertilized according to current technical
recommendations, and the oat crop was grown to
harvest the grain. Varieties recommended for the region
and integrated pest management were used, among
other cultural practices (Seixas et al., 2020).

The No-Till System — NTS (b) comprises no-till
farming with crop rotation, with soybeans and corn as
summer crops and wheat, oats, and fodder radish as
winter crops. The area occupied by the systemwas 6 ha
divided intothree plotsof 2 haeach (NTSa, NTSb, and
NTSc), depending on the crop sequence. According to
currenttechnical recommendations, the soybean, corn,
and wheat crops were fertilized each time.

The Integrated Crop-Livestock System — ICLS (c)
is a no-till system that alternates crops (soybeans/oats)
with perennial pasture grass (Urochloa brizantha -
cultivar Piatd). Crop-pasture rotation was conducted
every two years. The system occupied 8 ha of area
divided into two plots of 4 ha each (ICLSa and
ICLSb), depending on the crop sequence. Soybeans
were always sown after grazing, and the pasture was
desiccated with herbicides. Grazing was conducted
with Nelore heifers or heifers from crossbreeding
Nelore with European breeds, with stocking rates
adjusted to keep the forage supply constant at around
7% (7 kg of dry mass of forage per 100 kg of live
weight per day). Fertilization was only conducted for
the soybeans (300 kg hal of the 0-20-20 NPK
formulation), and no fertilizers or correctives were
used in the establishment and maintenance of the
pasture.

The Permanent Pasture System (d) PP comprises
permanent pasture of brizantha grass (U. brizantha,
cultivar Piatd) with beef cattle grazed continuously,

using Nelore animals or animals from crossbreeding
Nelore with European breeds, and managed according
to the available technical recommendations. The area
for this systemwas 8 ha. The cattle were managed in the
same way as in the ICLS system. Table 2 shows the
crop sequences in the lastfour years of each production
system, which were repeated over 26 years (1995 to
2021).

During the period fromJuly to September 2021, when
the area had been under different production systems for
26 years, soil was collected in a grid of points with a
spacing of 30 m x 30 m (Figure 1) for chemical, physical,
and nematological analysis, in the different production
systems, totaling 26 points in the CS, 82 points in the
NTS, 87 pointsin the ICLS, and 47 points inthe PP. The
samples for nematological analysis were obtained with a
mechanical augerat a depthof 0.0to 0.2mand stored in
plastic bags inside thermal boxes (expanded polystyrene)
until they were processed for the extraction of nematodes
from the soil (Jenkins, 1964).

After extraction, the nematodes were inactivated at
55 °C for 5 min and fixed in 2% formalin. The genera
and species of phytonematodes present in the samples
were identified based on morphometric characteristics
(Robinson et al., 1997; Cares and Huang, 2000). To
quantify the phytonematode populations, 1 mL aliquots
of the nematode suspension were used on a Peter’s
counting slide using a light microscope (40x). Soil
samples for chemical analysis were extracted with a
mechanical drill at a depth between 0.05-0.15 m and
sent to the soil analysis laboratory, where pH, Al*3,
Ca*2, Mg, H* + AI3*, K* P, and total C were
determined, and SB, CEC, effective CEC, m%, V (%),
and OM were calculated.

Undisturbed samples were collected from the soil
layers using 100 cm® metal rings, following the
procedure described by Teixeira (2017) to determine
soil density. Soil density was assessed in the 0-0.10 m
and 0.10-0.20 m layers. Soybean vyields were
determined for all cultivated systemsin the 2020/2021
crop season.

Table 2. Crop sequence in the last four years of production systems conducted from 1995 to 2021 at the Experimental Station of the

Embrapa Western-Region Agriculture, Dourados, MS.

Crop season

System 2017 2017/18 2018 2018/19 2019 2019/20 2020 2020/21
Cs 0 s 0 s 0 S 0 S
NTSa w s N c o) s w s
NTSb 0 s w s N c o) s
NTSc N C o) s w s N c
ICLSa 0 B B B B s o) s
ICLSh B s o) s o) B B B
PP B B B B B B B B

CS = Conventional System, with soybean/oat succession; NTS = No-Till System, with crop rotation; ICLS = Integrated Crop-
Livestock System; PP = Permanent Pasture System; S = soybean; O = oats; W = wheat; N =turnip rape; C = corn; P = brachiaria

grass.
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The Dourados
experiment

Mo ok % RN pE X

Figure 1. Location of the experiment and grid of points used for soil sampling conducted between July and September 2021.

A multivariate principal component analysis was
conducted to understand the role of the soil chemical
and physical variables on the variability in the
occurrence of R. reniformis. To do this, we used data on
pH in water, Al*3, Ca*2, Mg*2, H* + Al*?, K*, P, OM,
and soil density at the 0-0.10 m and 0.10-0.20 m soil
layers from all the points where these variables were
collected, regardless of the system. The analysis was
conducted using R software (R Core Team, 2023) with
the aid of the FactoMineR package (Le et al., 2008).
Analysis of variance and mean comparison tests were
conducted using AgroEstat software (Barbosa and
Maldonado Janior, 2015).

3. Results and Discussion

The results of the nematological assessments showed
the almostabsolute prevalence of the reniform nematode
(Rotylenchulus reniformis Linford & Oliveira) in the
experimental area, with population densities ranging from
zero to 4,370 nematodes/200 cc of soil. Phytonematodes
of the genera Helicotylenchus, Scutellonema,
Meloidogyne, and Pratylenchus were also found, but at
very lowpopulation densities and in very sporadic and
erratic frequency. Thus, considering itsimportance as a
cause of severe damage to soybeans, R. reniformis was
used toanalyze horizontal distribution and population
density according to production systems.

The average population densities (nematodes/200 cc
of soil) of R. reniformis in the different production
systems are shown in Figure 2. There was significant
variation in the nematode population density depending
on the production system. The lowest average population
density (2 nematodes/200cc of soil, close to the detection
limit) was found in the PP system (permanent pasture).
The nematode population was also very low in the
integrated crop-livestock systems, being lowest in the
ICLSb system (12 nematodes/200cc of soil), which in the
last two years was in the livestock cycle. The highest

population densities of the nematode were observed in
the conventional system, with soybean succession in
spring/summer and oats in fallwinter, and in the no-till
system (NTSa), in which soybean (a species susceptible
to the nematode) had been grown in the last two years
before sampling (Table 2). The effect of rotation with the
corn crop used in no-till systems (NTSbh and NTSc) in
reducing the nematode population density is evident. In
these systems, the nematode population was higher than
inthe ICLS and PP systems.

The presence of the reniform nematode in the system
with permanent pasture (PP), albeitin very low quantities,
suggests that the species was already present in the
experimental area when the experiment was set up 26 years
ago. The successive cultivation of a favorable host crop (in
this case, soybeans) led to a significant increase in its
population density in the soil, both in the CS and in the
NTSa systems, where soybeans had been cultivated in the
last two crop seasons. However, in the ICLS systems,
alternating soybeans with two years of livestock farming
on U. brizantha pasture prevented an increase in the
nematode population in the soil. In the NTS, rotation with
corn after two years of soybeans did not increase the
nematode population in the same way as in the CS system,
but it was less effective than in the ICLS systems.

The reniformnematode has the peculiar characteristic
of surviving long periods without favorable hosts (Starr,
1998). Depending on the population density, one y ear of
rotation with non-host crops may be insufficient to reduce
the population (Lawrence, 2022). This is evident when
comparing ICL systems, in which there is a two year
rotation with brachiaria grass, and NTS, in which there is
aone year rotation of corn for every two years of soybean
cultivation. The permanent pasture of brachiaria grass
kept the nematode population extremely low, almost at
the detection limit. These dataconfirm the need to use
crop rotation systems with a greater number of crop
cycles of non-host crops for cultural management in
highly infested areas.
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Figure 2. Population density (nematodes/200cc of soil) of Rotylenchulus reniformis in soil under different production systems,
implemented 26 years ago at the Experimental Station of the Embrapa Western-Region Agriculture, Dourados, MS. (CS =
Conventional System, in monoculture; NTS = No-Till System, with crop rotation; ICLS = Integrated Crop-Livestock System; PP =
Permanent Pasture System). Columns followed by the same letter do not differ (p <0.05).

When these same production systems were in their
eighth year of operation, Sereiaetal. (2007) analyzed
the frequency and abundance of phytonematodes,
showingthat R. reniformis was the main species present
in the area. The results obtained by Sereiaetal. (2007)
already pointed to the great difference between the
population density of the reniform nematode in the
different production systems, with 2,282, 26, 3, and zero
nematodes/200cc of soil, respectively, in CS, NTS,
ICLS, and PP.

The biggest change observed since then has been the
increase in the nematode population in no-till areas
(NTSa), especially when the last two crop seasons were
cultivated with soybeans (a susceptible host) in the
summer. This implies that the return of the host crop, in
this case, soybeans, aftera period of rotation with non-
host crops, leads to a resumption of theincrease in the
nematode populationdensity. Therefore, crop rotation
programs in infested areas to manage R. reniformis
should be permanent, periodically growing a non-host
species.

Soybean grain yields in the different systems in
which the crop was grown in the 2020/2021 crop season
are shown in Figure 3. It can be seen that the NTSa,
NTSb, and ICLSa systems had higher grainyields than
the CS system, with an increase of 1,079, 645, and 639
kg/ha, respectively, compared to the CSsystem. These
increases, however, should not be attributed solely to
differences in R. reniformis population densities.
Improvements in other soil attributes associated with the
more diversified and integrated systems (NTS and
ICLS), such as higher carbon contents (Salton et al.,
2013), may have played a more important role than the
nematode in the observed differences in grain yield.

A Pearson correlation analysis considering all

sampling points indicated no significant correlation (r =
- 0.1078; p = 0.2496) between nematode population
density and soybean grain yield. However, when
considering the variability within the NTSa system,
which showed the widest range of values for the
population density of R. reniformis in the soil (from
zero to 4,370 nematodes/200cc of soil), the correlation
between the nematode population and grain yield was
highly significant (Figure 4), indicating that, in the same
system, the nematode plays an important role in the
expression of soybean grain yield.

The principal component analysis (Figure 5) shows
that the highest nematode population densities are
associated with higher soil densities, especially in the
0.10-0.20 m soil layer, and with higher phosphorus and
potassium contents. On the other hand, lower nematode
population densities are associated with higher organic
matter contents. The availability of roots from
susceptible plants as a food source is one of the main
factors responsible for the colonization of soilhorizons
by R. reniformis (Moore et al. 2011). The nematode can
inhabitsoil extracts below the arable layer (Robinson et
al., 2000), accompanying root growth at depth.

However, physical impediments, such as soil
densification, limit root growth in depth, causing roots
to concentrate in surface layersand, consequently, the
possibility of an increase in nematode population
density in horizons where conditions are more
conducive to biological activity and population growth.
The association of high populations of R. reniformis
with higher K levels had already been observed in a
study conducted by Pettigrew et al. (2005) on cotton
and, at first glance, could suggest that this nematode
occurs in higher population densities in soilswith good
chemical fertility.
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Figure 3. Grain yield (kg/ha) of soybeans in systems implemented 26 years ago, 2020/2021 crop season. Dourados, MS. Columns

followed by the same letter do not differ (p<0.05).
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Figure 4. Correlation between soybean vyield (kg/ha) and population density of Rotylenchulus reniformis in the soil

(nematodes/200cc of soil) in the NTSa system. Dourados, MS.

One of the possibilities for the similar results
obtained in this study is that soybeans grown in soil
with higher nutrient contents would havea larger root
volume, offering more food for the nematode to
reproduce and increasing its population density.
However, another possibility is that plants with roots
heavily parasitized by the nematode would not be able
to extract and translocate these nutrients to the shoot,
and, over time, they would accumulate in the soil.
Reinforcing this hypothesis, a study conducted by
Kahn and Hussain (1990) with cowpea (Vigna
unguiculata) showed that plants inoculated with R.
reniformis showed a decrease in Pand K content in the
shoot and accumulation in the roots, when compared to
non-inoculated plants.

Organic matter can improve the soil's chemical,
physical, and biological aspects. Organic carbon is a

source of energy for the edaphic microbiota, which
includes various species of fungi, bacteria, and even
predatory nematodes, which act in the natural control
of phytonematodes, either by antagonism, parasitism
or competition (Rodriguez Kabana, 1986). In addition,
organic matter decomposition releases toxic
compounds to phytonematodes (Oka, 2010)

Evaluating the effect of soil attributes on the
phytonematode populationin a field study conducted
in the municipality of Ceres, GO, Oliveiraetal. (2023)
observed that organic matter inhibited the presence of
phytonematodes, a fact similar to that observed in the
present study. Thus, production systems that provide a
greater supply of organic matter contribute to
maintaining the biological balance of the soil and limit
the population growth of phytonematodes, as verified
in the current study.
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Figure 5. Principal component analysis of soil chemical and physical attributes and the population density of Rotylenchulus
reniformis. pH = pH in water; AL = AI3*; CA = Ca%; MG = Mg#; HAL = H*+Al¥*; K = K*; MO = Organic matter; D10 = soil
density in 0.0-0.10 m layer; D20 =soil density 0.10-0.20 m layer; NEMA = population density of R. reniformis in the soil.

4. Conclusions

In integrated crop-livestock systems, no-till systems,
and permanent pastures, the reniform nematode (R.
reniformis) population remains low, even after almost
three decades of farming. Conventional systems, with
monocultures of favorable host species, allow the
population density of the nematode to grow over time.
Regardless of the production system, the population
density of R. reniformis is greater in soil with higher
densitiesin the subsurface layers, with higher P and K
contents, and low organic matter content.

Authors’ Contribution

The authors contributed to this scientific article as
follows: Guilherme Lafourcade Asmus conceived the
experiment and was responsible for planning the
nematological evaluations, organizing the data, and
writing the manuscript. Jalio Cesar Salton outlined the
experimental design in the field and was responsible for
conducting the systems during the experimental period
and for the organic matter analysis of the soil. Michely
Tomazi and Fabricia da Silva Ramos analyzed and
interpreted the soil's physical and chemical attributes.
Rafael Silva Ferreira helped with the physical and
chemical analysis of the soil, and was responsible for
the statistical analysisand revision of the manuscript.

Acknowledgments

To the AGRISUS Foundation, to the AISA/ITAIPU
BINACIONAL Project, and to FUNDECT 18/2021 MS-
Carbono Neutro TO 017/2022 for their financial support.

Bibliographic References

Barbosa, J.C., Maldonado Janior, W. 2015. Experimentagdo
Agrondmica & AgroEstat: Sistema para analises estatisticas de
ensaios agrondmicos. Multipress, Jaboticabal.

Cares, J.E., Huang, S.P., 2000. Taxonomia atual de
fitonematoides: chave sistematica simplificada para géneros —
parte I. RAPP, Passo Fundo, 185-223.

Davis, E.L., Koenning, S.R., Burton, J.W., Barker, K.R., 1996.
Greenhouse Evaluation of Selected Soybean Germplasm for
Resistance to North Carolina Populations of Heterodera
glycines, Rotylenchulus reniformis, and Meloidogyne Species.
Journal of Nematology, 28(4S), 590-598. https://www.nchi.
nim.nih.gov/pmc/articles/PMC2619738/pdf/590.pdf.

Gardiano, C.G., Krzyzanowski, A.A., Saab, O.J.A., 2012.
Hospedabilidade de plantas melhoradoras de solo a
Rotylenchulus reniformis Linford e Oliveira (1940). Arquivos
do Instituto Biolégico, 79(2), 313-317. https://www.scielo.br/j
laib/a/LVRmFri8SIWR8gJ8Kh33pfC/?format=pdf&lang=pt.

Galbieri, R., Vaz, C.M.P., Silva, J.F.V., Asmus, G.L.,
Crestana, S., Matos, E.S., Magalhdes, C.A.S., 2016. Influéncia
dos pardmetros do solo na ocorréncia de fitonematoides, in:
Galbieri, R. e Belot, J.L. (Eds.) Nematoides fitoparasitas do
algodoeiro nos cerrados brasileiros: Biologia e medidas de
controle. IMAmt, Cuiab4, Cap. 2, p. 37-89.

Jenkins, W.R., 1964. A rapid centrifugal-flotation technique
for separating nematodes from soil. Plant Disease Reporter,
48, 692. https://babel.hathitrust.org/cgi/pt?id=chi.098078550
&seq=186.

Jiao, Y., Vuong, T.D,, Liu, Y., Li, Z., Noe, J., Robbins, R.T.,
Joshi, T., Xu, D., Shannon, J.G., Nguyen, H.T., 2015.
Identification of quantitative trait loci underlying resistance to
southern root-knot and reniform nematodes in soybean
accession P1 567516C. Molecular Breeding, 35, 131-140. DOI:
https://link.springer.com/article/10.1007/s11032-015-0330-5.

Revista de Agricultura Neotropical, Cassilandia-MS, v. 11, n. 3, e8882, July/Sep., 2024.


https://pubmed.ncbi.nlm.nih.gov/?term=Davis%20EL%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Koenning%20SR%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Burton%20JW%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Barker%20KR%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2619738/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2619738/pdf/590.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2619738/pdf/590.pdf
https://www.scielo.br/j/aib/a/LVRmFrJ8SJWR8gJ8Kh33pfC/?format=pdf&lang=pt
https://www.scielo.br/j/aib/a/LVRmFrJ8SJWR8gJ8Kh33pfC/?format=pdf&lang=pt
https://babel.hathitrust.org/cgi/pt?id=chi.098078550&seq=186
https://babel.hathitrust.org/cgi/pt?id=chi.098078550&seq=186
https://link.springer.com/article/10.1007/s11032-015-0330-5

8 Rotylenchulus reniformis population conditioned by soybean production systemsand soil attributes

Khan, T.A., Husain, S.I., 1990. Effects of individual and
combined inoculation of Rotylenchulus reniformis,
Meloidogyne incognita and Rhizoctonia solani on nutrient
levels in cowpea. Current Nematology, 1(2), 103-106.

Klepadlo, M.; Meinhardt, C.G., Vuong, T.D., Patil,
G., Bachleda, N., Ye, H., Robbins, R.T., Li, Z., Shannon,
J.G., Chen, P., Meksem, K., Nguyen, H.T., 2018. Evaluation
of Soybean Germplasm for Resistance to Multiple Nematode
Species: Heterodera glycines, Meloidogyne incognita, and
Rotylenchulus reniformis. Crop Science, 58(6), 2511-2522.
DOI: https://doi.org/10.2135/cropsci2018.05.0327.

Lawrence, K.S., 2022. Reniform nematode (Rotylenchulus
reniformis) and its interactions with cotton (Gossypium
hirsutum), in: Sikora, R.A., Desaeger, J., Molendijk, L.P.G.
(Eds.). Integrated Nematode Management: State-of-the-art and
visions for the future. CABI, Boston, MA, Cap. 14, p. 94-99.

Le, S., Josse, J., Husson, F., 2008. FactoMineR: An R Package
for Multivariate Analysis. Journal of Statistical Software,
25(1), 1-18. https:/iwww.jstatsoft.org/issue/view/v025.

McSorley, R, 1998. Population Dynamics. In: Barker, K.R.,
Pederson, G.A., Windham, G.L. (Eds.) Plant and nematode
interactions. The American Society of Agronomy, Madison,
Wisconsin, cap. 6, p.109-133.

Moore, S.R., Lawrence, K.S., Arriaga, F.J., Burmester, C.H.,
Santen, E. van., 2011. Influence of water movementand root
growth on the downward dispersion of Rotylenchulus
reniformis. Nematropica, 41(1), 75-81. https://journals.flvc.
org/nematropica/issue/view/362.3.

Oka, Y., 2010. Mechanisms of nematode suppression by
organic soil amendments — A review. Applied Soil Ecology, 44,
101-115. DOI: https://doi.org/10.1016/j.aps0il.2009.11.003.

Oliveira, G.F., Marques, M.L.S., Rodrigues, K.D.N., Silva,
P.G., Santos, G.H.B.T., 2023. Soil fertility attributes and the
occurrence of nematodes in soybean crop. Research, Society
and Development, 12(1), e29412139315. DOI: http://dx.doi.
0rg/10.33448/rsd-v12i1.39315.

Pettigrew, W.T., Meredith Jr., W.R., Young L.D., 2005.
Potassium fertilization effects on cotton lint yield, yield
components, and reniform nematode populations. Agronomy
Journal 97: 1245-1251. DOI: https://doi.org/10.2134/agronj
2004.0321.

R Core Team, 2023. R: A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria.

Robinson, A.F., Bradford, J.M., Cook, C.G., Kirkpatrick, T.L,
McGawley, E.C., Overstreet, C., Padgett, B., 2000. Vertical
distribution of the reniform nematode in the upper 1.5 meters
of soil on nine farms in Arkansas, Louisiana, and Texas.
Proceedings of the Beltwide Cotton Conference, vol. 1, p. 564.

Robinson, A.F., Inserra, R.N., Caswellchen, E.P., Vovlas, N.,
Troccoli, A., 1997. Rotylenchulus species: identification,
distribution, host ranges, and crop plant resistance.
Nematropica, 27(2), 127-180. https://journals.flvc.org/
nematropica/issue/view/3097.

Rodriguez-Kébana, R., 1986. Organic and inorganic nitrogen
amendments to soil as nematode suppressants. Journal of
Nematology, 18(2), 129-135. https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC2618534/.

Salton, J.C., Mercante, F.M.; Tomazi, M., Zanatta, J.A.,
Concenco, G., Silva, W.M., Retore, M., 2013. Integrated crop-
livestock system in tropical Brazil: Toward a sustainable
production system. Agriculture, Ecosystemsand Environment,
190, 70-79. DOI: http://dx.doi.org/10.1016/j.agee.2013.09.023.

Seixas, C.D.S., Neumaier, N., Balbinot Junior, A.A,
Krzyzanowski, F.C., Leite, R.M.V.B. de C., 2020.
Tecnologias de produgdo de soja. Londrina, Embrapa Soja,
347p. (Sistemas de Producdo - Embrapa Soja, n. 17).
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/223209/
1/SP-17-2020-online-1.pdf.

Sereia, A.F.R., Asmus, G.L., Fabricio, A.C., 2007. Influéncia
de diferentes sistemas de producdo sobre a populacdo de
Rotylenchulus reniformis (Linford & Oliveira, 1940) no solo.
Nematologia Brasileira, 31(1), 41-45. https://nematologia.
com.br/files/revnb/31_1.pdf.

Sikora, R.A.; Claudios-Cole, B.; Sikora, E.J. 2018. Nematodes
parasites of food legumes. In: Sikora, R.A.; Coyne, D.;
Hallmann, J.; Timper, P (Eds.) Plant Parasitic Nematodes in
Subtropical and Tropical Agriculture. CABI, Boston, MA. 3
ed, cap. 9, p. 290-340.

Silva, R.A., Santos, T.F.S., Asmus, G.L., 2021. Reproducao
do nematoide reniforme em cultivares de soja queantecedem
0 algodoeiro no Cerrado. Nematropica, 51(2), 137-144.
https://journals.flvc.org/nematropica/issue/view/5975.

Starr, J.L., 1998. Cotton, in: Barker, K.R.; Pederson, G.A.,
Windham, G.L. (Eds.) Plant and nematode interactions. The
American Society of Agronomy, Madison, Wisconsin, cap.17,
p.359-379.

Star, J.L., Heald, C.M., Robinson, A.F., Smith, R.G., Krausz,
J.P., 1993. Meloidogyne incognita and Rotylenchulus reniformis
and associated soil textures from some cotton production areas
of Texas. Journal of Nematology, 25(4S), 895-899.
https://www.ncbi.nlm.nih.gov/pmc/articles’PMC2619463/.

Teixeira, W.G., 2017. (Ed.) Manual de Métodos de Anélise de
Solo. 3. ed. Brasilia: Embrapa, 573p. ISBN 9788570357717.
https://www.embrapa.br/busca-de-publicacoes/-/publicacao/99
0374/manual-de-metodos-de-analise-de-solo.

Tsai, B.Y., Apt, W.J., 1979. Anhydrobiosis of the reniform
nematode: survival and coiling. Journal of Nematology, 11(4),
316. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2617978/.

Revista de Agricultura Neotropical, Cassilandia-MS, v. 11, n. 3, e8882, July/Sep., 2024.


https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Khan%2c+T.+A.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Husain%2c+S.+I.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Current+Nematology%22
https://acsess.onlinelibrary.wiley.com/authored-by/Klepadlo/Mariola
https://acsess.onlinelibrary.wiley.com/authored-by/Vuong/Tri+D.
https://acsess.onlinelibrary.wiley.com/authored-by/Patil/Gunvant
https://acsess.onlinelibrary.wiley.com/authored-by/Bachleda/Nicole
https://acsess.onlinelibrary.wiley.com/authored-by/Robbins/Robert+T.
https://acsess.onlinelibrary.wiley.com/authored-by/Li/Zenglu
https://acsess.onlinelibrary.wiley.com/authored-by/Shannon/J.+Grover
https://acsess.onlinelibrary.wiley.com/authored-by/Chen/Pengyin
https://acsess.onlinelibrary.wiley.com/authored-by/Meksem/Khalid
https://acsess.onlinelibrary.wiley.com/authored-by/Nguyen/Henry+T.
file:///C:/Users/asmus/Downloads/58(6
doi:%20https://doi.org/10.2135/cropsci2018.05.0327
https://www.jstatsoft.org/issue/view/v025
https://journals.flvc.org/nematropica/issue/view/362.3
https://journals.flvc.org/nematropica/issue/view/362.3
https://doi.org/10.1016/j.apsoil.2009.11.003
http://dx.doi.org/10.33448/rsd-v12i1.39315
http://dx.doi.org/10.33448/rsd-v12i1.39315
https://doi.org/10.2134/agronj2004.0321
https://doi.org/10.2134/agronj2004.0321
https://journals.flvc.org/nematropica/issue/view/3097
https://journals.flvc.org/nematropica/issue/view/3097
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2618534/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2618534/
http://dx.doi.org/10.1016/j.agee.2013.09.023
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/223209/1/SP-17-2020-online-1.pdf
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/223209/1/SP-17-2020-online-1.pdf
https://nematologia.com.br/files/revnb/31_1.pdf
https://nematologia.com.br/files/revnb/31_1.pdf
https://journals.flvc.org/nematropica/issue/view/5975
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2619463/
https://www.embrapa.br/busca-de-publicacoes/-/publicacao/990374/manual-de-metodos-de-analise-de-solo
https://www.embrapa.br/busca-de-publicacoes/-/publicacao/990374/manual-de-metodos-de-analise-de-solo
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2617978/

