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ABSTRACT

Strategies for conserving natural resources and reducing agricultural inputs are the great challenge for agriculture,
such as sustainable alternatives to control agricultural pests of high economic impact, e.g. plant-parasitic nematodes.
This work aimed to evaluate phytonematsdedpulation dynamics in common bean cultivation grown under crop
rotations and no-tillage system. The maize was seeded under pearl millet straw and intercropped with three different
crops systems: i) exclusive maize system, ii) maize intercropped with brachiaria and, iii) maize intercropped with
crotalaria. The experimental design was a randomized complete block with three treatments (crops systems) and 4
blocks (5 subsamples each block). The common bean was seeded on the straw of exclusive or intercropped maize. The
phytonematode population was evaluated in the soil and in the roots in seven moments: (i) fallow; (ii) pearl millet
flowering; (iii) pearl millet maturity; (iv) maize flowering; (v) maize maturity; (vi) common bean flowering; and (vii)
common bean maturityrhe greatest control of the phytonematodes species described in the area was in the maize
intercropped with crotalaria treatment, as the phytonematodes population decreased 2.49-fold in this treatment when
compared to exclusive maize, resulting in an increas&.27% in common bean yiel@iherefore, maize intercropped
with crotalaria is a viable alternative to reduce phytonematodes infestation in common bean crop.

Keywords: cover cropsMeloidogyne javanicaPhaseolus vulgarisPratylenchus brachyurgdRotylenchulus
reniformis

INTRODUCTION Phytonematodes are plant parasites that mainly infect
the roots of a wide diversity of crops (Bozbugaal,

High dermand for profitable and sustainable food2018)_ The root-knot nematodMéloidogynespp.) is
and the projected population increase will be the M@y nsidered the most harmful genus economically due to
jor challenge for agriculture in the coming decadegs short cycle (Karsseet al, 2013), high reproductive
(Zhanget al, 2013). Sustainable managemengate aggressiveness, wide range of hosts and beyond. In
practices in agriculture are economic and socig|ddition, root-knot nematode can infect most plant
important in the worldwide agricultural activity (|SaaC3peciesl causing greater losses in yield of cash crops,
et al, 2018). Howeverbiotic factors can limit the sych as common beaRKaseolus vulgarik.) and maize
application of sustainable agronomic techniques. F¢zea mayd..) (Dadazioet al, 2016; Mbatyotiet al,
example, phytonematodes are among the soil pet919). For example, nematodes from genera
considered the most harmful to cultivated plantMeloidogynecan cause up to 90% yield losses in
(Trudgill & Blok, 2001). common bean growing areas (Da Caattal, 2019). In
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fact, it was estimated that the economic loss caused by Although they are not nematicides, egg-hatching
phytonematodes damage in cash crops exceeds US$&@fulants can be used in the field in the host plant
billion a year in the USA (Coynet al, 2018). The most absence. Fukuzawet al. (1985) studied the compound
used control method for all phytonematadgenera is glycoeclepinoA, derived from triterpenoid and made
chemical nematicides. Despite their practicatitey are from the dried roots of beans to contidétendera
not considered very efficient, due to the short period @flycines Moreover a pyrrolizidine-type alkaloid is a
protection controlling the population §4 der Putteet nematicide synthesized in all tissues of @retalaria
al., 2006). Moreoverthe use of chemical products isspectabilisspecies (Marahattat al, 2012), such as
increasingly restricted, as their inappropriate applicatiomonocrotaline that can inhibit nematodes development,
can damage on population health and environment, as watiiting the proliferation, mainly of root-knot forming
as causing side effects on other beneficial organismsmatodes (Anene & Declerck, 2016). In additi€n,
(Van der Puttert al, 2006).Thus, sustainable control spectabiliss a bad host of migrating nematodes (Thoden
alternatives are key strategies in phytonematodes al, 2009). Therefore, the cover crops cited above are
management, such as the use of cover crops. sustainable alternatives to reduce damage caused by
In fact, the association of a legume with a cereal {ghytonematodes and increase yield of the main crop.
essential for soil fertilization, and the leguminous planthus, the objective of this work was to evaluate the
contributes to biological nitrogen (N) fixation throughphytonematodes’ population dynamics in common bean
symbiosis with rhizobacteria and mineralized N of plantultivation grown under crop rotation and no-tillage
residues (Giller2001).The no-tillage system (NTS) is conditions.
characterized by soil cover maintenance of one or more
straws from previous crops during autumn/winter'\/IATERIALSA'\ID METHODS
considered as ideal conditions in tropical regions (Salton The experiment was carried out under field conditions
etal, 2001). Furthermore, soil covering can assist in weed the Sdo Paulot&e University Jaboticabal, Brazil
control (Blchiet al, 2019; D’Amico-Damidcet al, (21°14'59"S, 48°17'13"Wat an average altitude of 565
2020a), including effects in soil pest and disease reduction). The region climate was classified A8, according
(Frankeet al, 2019; Manandhaet al, 2017), improving to Koppens$ classification. Meteorological data were
soil physical parameters, reducing erosion, increasimgcorded (Figure 1). The experimental area soil was
water infiltration and improving soil structur€érciodlu classified as Eutrophic Red Latosol with clay texture
et al, 2019). Research activities have been promoting aei33 g kg of clay, 193 g kd of silt and 274 g kg of
refining NTS techniques, which was important for thesand).
adoption of the technique on approximately illion The experimental area remained fallow (9 months
hectares around the world (Derpsehal, 2010). after) before the experiment implementation.
Currently NTS is used in more than 32 million hectare®hytonematodes were detected by previous nematode
in Brazil, with soybeans and maize being the mostnalysis (@ble 1). Crop rotation started with the spring
cultivated crops in NTS (Peixott al, 2019). sowing (Septembge015) of pearl millet Fennisetum
NTS is efficient because, in the absence of the hoglaucumL.) cv. ADR 300 in total area. Pearl millet plants
plant and in adverse climatic conditions, it tends twere desiccated 56 days after seeding (DAS). Thus, the
decrease nematode population in the soil (McSorlefreatments were placed under NTS, which were three
1998). Nematode abundance can change over the yedifferent crops: i) exclusive maize system, ii) maize
depending on the aresahistory host plants availability intercropped with brachiaridJ¢ochloa wziziensiy and
and its qualityas well as biotic interactions with otheriii) maize intercropped with crotalari¢Crotalaria
organisms (@n der Putteet al, 2006), such as grassesspectabilig.
used in a pasture (Ferraz & Freitas, 2004). Maize cv AS 1633 PRO 2 (60,000 plants per ha),
Interactions involving nematodes and organibrachiaria (10 kg h§ and crotalaria (12 kg Hawere
residues incorporation in the soil impact both theeeded in the summer season (Novemd@t5). Plots
physical and biological properties. Therefore, itvere composed of 4m-long rows of maize, but border
promotes a favorable environment to the developmeraws and 1m from each side was excluded for further
of antagonistic and/or competing microorganisms witkvaluations. Intercropped treatments (ii and iii) were
nematodes. In some cases, plants can release compowsgded in double inter-row mode. In sowing maize
that are repellents, attractants, nematotoxics, stimulantsttilization, 19 kg ha of N, 67 kg h& of PO, and 38 kg
or inhibitors of juvenile hatching nematodes. These plantst* of K.O were used via commercial form 08-28-16.
have a high potential as cover crops and nematotiethe topdressing fertilization, 60 kghaf N and 20 kg
management strategies (Chitwood, 2002). ha' of K,O were applied via commercial formula 30-
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00-10 plus 36 kg haof N (urea) and 39 kg Haf S via experiment installation (DAEI); (ii) pearl millet
ammonium sulfate, during the phenological stage Vflowering, 36 DAEI, (iii) pearl millet maturity55 DAEI;
according to the recommendations of Raigl. (1997) (iv) maize flowering, 134 DAEI; (v) maize maturi320
and Fornasieri Filho (2007). Maize harvest was execut&AEI; (vi) common bean flowering, 336 DAEI; and (vii)
and manually threshed. Grain yield was measured in eabmmon bean maturityd82 DAEI. For each root and
useful plot.Yield moisture was standardized to 13%. soil sample, six subsamples were collected using an
After maize harvest (May2016), common bean auger and were used totaling 50 g of roots and 1 L of
(PhaseolusulgarisL.) cv. IAC Alvorada was sowed with soil. Samples were processed using 20 g of roots and
a density of 260,000 plants per hectare in winter seas®@0 cm? of soil, according to the methodology of Coolen
(June, 2016). Plots consisted of 6 rows of 5 m lengt®&, D’herde (1972) and Jenkins (1964), respectively
but we excluded the border rows and 1m from each side The material obtained was evaluated under a
as a useful plot. The experimental design was raicroscope at 10x objective lens, using Peters slides.
randomized complete block with three treatments (crofgdenera were identified (Mai & yon, 1975) and
systems) and 4 blocks (5 subsamples each block). population was estimated (South&970).Meloidogyne
common bean sowing fertilization, 8 kghef N, 40 kg javanica was identified based on morphological
ha' of P,O,, and 40 kg ha of K,O were used via characteristics of the perennial region (Netscher &
commercial formula 04-20-20. Other phytosanitaryraylor, 1974), the male labial region (Eisenbatkal,
treatments were carried out according to the recom981), and the isoenzyme phenotype for esterase
mendations of thAgricultural Defensives Compendium (Esbenshade &riantaphyllou, 1990)Pratylenchus
(Tomlin, 2009). Common bean harvest was carried obtachyuruswas identified based on the morphology of
manually and was mechanically threshed. Grain yiel@gsdult females using Castillo &ovlas (2007).
were measured and standardized to 13% moisture in Ribtylenchulus eniformiswas identified by comparing
useful plots. the morphological characteristics of young females with
For phytonematode analysis, root and soil samplésose described in the dichotomous key proposed by
were collected in seven moments: (i) fall@days after Robinsonet al. (1997).
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Figure 1: Rainfall (mm), maximum and minimum air temperatures (°C) recorded monthly in the experimental area, from November
2015 to September 2016.

Table 1: Descriptive analysis (mean and S@f)Meloidogyne javanicaPratylenchus brachyws and Rotylenchuluseniformis
phytonematodes population found in the experimental area when fallow (0 DAEI; soil), during pearl millet flowering stage (36 DAEI; soil
+ roots) and during pearl millet maturity stage (55 DAEI; soil + roots)

. Fallow Pear| millet flowering Pear| millet maturity -
Species RF
Mean SD* Mean SD* Mean SD*
M. javanica 3.3 5.3 34.7 62.4 1.3 4.6 0.4
R. reniformis 20.7 25.6 103.3 122.4 88.0 146.1 4.3
P. brachyuus 179.3 147.9 432.7 426.5 1190.0 1355.2 6.6

“Standard deviatiorAverages are derived from 12 samples composed of 5 subsamples taken from experimétRai@oshiction factor: RF = final
population (pearl millet maturity stage) / initial population (fallow).
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Data were transformed to log (x + 5) to reduce theas intercropped witlC. spectabilis R. reniformis
skewness of original data and submitted to analysis pbpulation in the exclusive maizgstem at maize
variance by the F test (p < 0.05). Mean values wematurity was the lowest, even less than those verified in
compared by th&ukey test (p < 0.05) witAgroEstat® the maize intercropped with brachiaria systeab(& 2).

software. On the other handR. reniformis population in the
exclusive maize system did not differ from those in the
RESULTS maize intercropped with crotalasgstem (&ble 2).A

Initial population analysis showed a phytonematodeomogeneous population bf. javanicaoccurred given
infestation before the pearl millet cultivation (when thehe presence of maize roots as an efficient host in all
experimental area was fallow) and the main phytonsystems evaluated ble 2).
matodes species found weve javanica P. brachyuus P. brachyuousfound in common bean crop was higher
and R. reniformis (Table 1). The predominant when succeeded by exclusive maize and maize
phytonematode waB. brachyuwus, followed by R. intercropped with brachiaria crop systems (336 DAEI;
reniformis and M. javanica During pearl millet Table 3). During the common bean maturation stRge,
cultivation, M. javanicawas found to have the lowestreniformis population was 6.1 times higher in the
populations for both evaluated moments (36 and &®mmon bean that followed maize intercropped with
DAEI). The calculated reproduction factor was below brachiaria than in the common bean that followed maize
which indicates resistance to root-knot nematoddl@ intercropped with crotalaria (382 DAETable 3).

1). P. brachyuus and R. reniformis population levels However no such dfierences were observed between
increased from 36 DAEI to 55 DAEI. Reproductionthe intercropped systems and exclusive maize. On the
factor average of. brachyuus andR. reniformiswere other hand, maize intercropped with brachiaria was not
greater than 1 (RF = 4.3 and 6.6 respectively). Thatered when compared with exclusive maize, showing
indicates susceptibility to the root-lesion nematode artbat maize was not a good host for this phytonematode
the reniform nematode. In fact, the cultivation of peadpecies (Figure 2). It was found that the common lsean’
millet decreasedl. javanicadensity in field conditions yield was significantly higher (127%) when cultivated
(Table 1). on the straw of maize intercropped with crotal@rable

In maizes season, no statistically significant3). Howevercommon bean yield in the maize intercrop-
difference was observed between treatmentsMor ped with brachiaria system was not changed compared
javanicaandP. brachyuuspopulations in either moment to the other crop systems (Figure 2). Low population
(134 and 220 DAEITable 2). Howevercomparing the levels of phytonematode$/( javanica P. brachyuus
phytonematods’population evaluated at 220 DAEI withand R. reniformi§ in common bean crop were also
the population at 134 DAEI, all phytonematodesbserved in this systemdfble 3).
populations were increasedaile 2). P. brachyuus
population increased 10.7 times when maize w:QISCUSSlON
intercropped withB. ruziziensis5.2 times when maize  Sustainable alternatives have been proposed to
was in an exclusive system and 3.1 times when maizaprove traditional production systems in order to

Table 2: Analysis of variance oMeloidogyne javanicaPratylenchus brachyws Rotylenchuluseniformisand total nematode
population found in the crop rotation systems samples during maize flowering stage (134 DAEI; soil + roots) and maize maturity stage
(220 DAEL, soil + roots). |, = exclusive maize, | .= maize +Urochloa wziziensisand |,, .= maize +Crotalaria spectabilis

Treatments M. javanica P. brachyurus R. reniformis Nematodes

Crop Systems Flowering Maturity Flowering Maturity Flowering Maturity Flowering Maturity
Soil (100 cm®) and roots (20 g)

lew 60a 272a 536a 2794a 32a 16b 626a 3080a

Iy 60a 330a 536a 5720a 30a 186a 822a 6236a

e 96a 314a 936b 2980a 30a 122ab 1064a 3416a

CV (%) 38.69 27.03 22.62 8.75 49.36 28.05 16.72 8.49

LSD 1.21 1.20 1.17 0.60 1.19 0.97 0.92 0.59

Test F 0.47s 1.09s 0.60¢ 1.68' 0.22¢ 477 0.63s 1.59+

*Mean values (untransformed data) followed by the same lowercase letter in the columns dig@mby difkey’s test at 5% probabilityrhe
statistics were based on transformed data for log (x + 5). Mean values represent an average of A sathptesosed of 5 subsamples in each crop
system. * (p < 0.05), ** (p < 0.01) and ns (not significant), respectively by the F test. Coefficient of variation (CV). Least significant difference (LSD).
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reduce environmental impacts of agriculture. On&loreover Asmuset al (2008) reported that pearl millet
alternative is NTS, which has been adopted around theuld be a good option for reniform nematode (
world (Holland, 2004) and has numerous benefits. NTi&niformi§ management.
can increase soil biodiversitywhich minimizes Moreover crop systems with brachiaria reduddd
agricultural system disturbances due to decompositigavanica and R. reniformispopulations. Howeverthis
performed by filamentous fungi (Adit al, 2006). forage species was hosted Bybrachyuus in our
However highly harmful pest control experiments—experiment (&ble 2), corroborating the results of Cu-
e.g., nematode experiments—were concentrated mmaet al. (2015). Inomoto (201) found that maize is a
greenhouses (Santana-Goneg¢sl, 2018). Therefore, host forP. brachyuus corroborating our results again,
in order to investigate nematode population dynamide other words, all treatments were able to increase the
in NTS, we decided to verify the effect of different cropgoot lesion nematode populationafile 2). Gardianet
rotation systems on nematode population and commah (2014) evaluatedR. reniformisreproduction in
bean yield naturally infested soils and found low reproduction in
The pearl millet and Sudan grass crops are the maghite oats cvIPR126, black oats cVAPARG61, triticale
commonly-used cover crop species due to their high dey. IPR111, rye cv IPR89, saghum cv SI103204, pearl
matter production. Howeveevidence of their ability to millet cv. BRS1501 an®. ruziziensisIn addition, maize
control nematodes is mixed. For instance, in this studgv. IPR 115 showed RF of 0.63, which was not considered
pearl millet cv ADR 300 increased reniform nematodea good host foR. reniformis Windham & Lawrence
population (Bble 1). On the order hand, Gabrlal. (1992) tested 50 commercial maize hybrids, all of them
(2018) observed that the ‘BRS1501’ pearl millet wasvere poor hosts foR. reniformis corroborating with
resistant to three specielgl. ethiopica M. incognita our results (@ble 2). In fact, poaceae species are used
and M. javanicawith RF = 0.18, 0.68 and 0.46 in crop rotation as cover crops because they have a low
respectively and, susceptible Bobrachyuus with RF  reproduction rate fdR. reniformisand high management
= 1.02.Additionally, Ribeiroet al. (2002) reported the efficiency in areas with high infestation (Asmefsal,
resistance of pearl millet hybrids 9938008, CMS 03008). Thus, maize was an important management
CMS 01, CMSXS 760, CMSXS 762, and 9317484 tpractice in crop rotation systems to red&ceeniformis
M. incognitaand M. javanicg as observed in our population (Bble 3), limiting the décts on common
analyses (able 1). Diferently than what Inomotet al. bean yield (Figure 2).
(2008) reported, pearl millet cBRS1501 was In intercropped systems, the simultaneous esta-
susceptible tdM. javanicaraces 2 and 4. In fact, Dias- blishment of cover crop and the main crop occurs under
Arieira et al. (2003) found thaP. americanunfavored interspecific competition. Consequentthe cash crop
the reproduction oM. javanicaand M. incognita can lose yield to the cover crop due competition.
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= 2000 1 _a Grain yield [ 2.8 T
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Figure?2: Bars represent total nematode population found in the crop rotation systems samples during common bean flowering stage
(336 DAEI, soil + roots) and common bean maturity stage (382 DAEI; soil + roots). Line represents common bean30¢iander

different crop systems; |= exclusive maize, |, = maize +Urochloa wziziensisand |,, .= maize +Crotalaria spectabilisMean

values followed by equal letters do nofelifoy Tukey’s test at 5% probabilityower letters compare total nematode populatierd)

in each common bean stage (flowering or maturity) and capital letters compare common bean gnam 3@Idibe common bean

yield data were adapted from D’Amico-Damgial.(2020b).
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However maize was considered an excellent competitarematode specie®.(brachyuwus, M. javanica andR.
with small plants, since its initial growth is acceleratedeniformig for the next crop, which was highlighted as
(Ozier-Lafontaineet al, 1997), which was observed ina good management control for phytonematodes studied
our work (Table 2). In fact, agronomic viability in maize (Figure 2). The maize intercropped with brachiaria
production and the forage establishment for stragystem was also satisfactpas the yield did not dir
production were demonstrated (D’Amico-Damétal, from the greater yield obtained in the maize intercropped
2020b), with no significant losses in yield due tawith crotalaria treatment éble 3). Probablythe straw
competition between plants (Jakelai&s al, 2004; inputimproves organic matter decomposition increasing
Alvim et al, 1989; Duarteet al, 1995). biodiversity and improving soil characteristics (Poeplau
Nematode suppression such ks incognita & Don, 2015). The intercropped systems promoted
Pratylenchusspp. through the use of non-host and/obetter conditions for plant development and yield gain
resistant cover crops (such as sunnests, among othevhen compared to the exclusive maggure 2).
was verified previously by Briaet al., (2016). Several studies reported that crotalaria can suppress
Furthermore, there was an increase for predatonematode occurrence better than nematicides, as they
nematode population of three ordeédsrylaimida, continue to suppress them even after the crop has already
Mononchidaand Diplogasterida (Bilgrami & Brey, been implanted. Overall, crotalaria reduces nematode
2005). Other microbial species were developedopulations acting mainly as non-host and/or resistant
including fungi and bacteriaspecies Bichoderma crop, as well as producing toxic or inhibitory
Penicillium, Aspegillus, Bacillus, Pseudomonas allelochemicals (Chitwood, 2002) and improving
Pantoeaand Actinomyceteswhich stimulate nutrient survival conditions for antagonistic fauna and flora. Thus,
mineralization, indicating improvement in soil quality with the cover crops benefits, common bean was able to
In general, the nematode suppression obtained by theéskerate the nematodes’ presence without yield reduction
management changes is a long-term strategybably (Okaet al, 2007).
the increase in microbial activity in the soil will be a  This research provided a useful nematode control
great competitor to plant parasitic nematode populatiomsanagement workflow for common beans in areas
and develop a great microbiological balance in the sditfested withM. javanicg P. brachyuus and R.
(Oka, 2010). reniformis using maize intercropped with cover crops
Crotalaria is considered a suppression plant fas a tool. Intercropped systems were successfully able
different phytonematode species, maiflly spectabilis to reduce nematode population and increase common
(Table 3).As a consequence, it has been used as a coberans yield. These findings can support further
crop in intercropping systems and as a green manure dievelopment of more precise soil-borne parasites
to its biological nitrogen fixation (hget al, 2002). control methods. Nematode species present in the field
In addition, brachiaria was also important to contributédentification) and cover crop adaptability has to be
to the straw amount in the NTS (D’Amico-Damié&b accounted. Future studies should evaluate multiple cover
al., 2020b) and, to stimulate the biological activity incrops to be intercropped with maize and/or treatments
the soil (Lal, 2004). Indeed, maize intercropped witkwith cover crops only in order to improve regional
crotalaria decreased the initial population of all importamecommendations.

Table 3: Analysis of variance oMeloidogyne javanicaPratylenchus brachyws Rotylenchuluseniformisand total nematode
population during common bean flowering stage (336 DAEI; soil + roots) and common bean maturity stage (382 DAEI; soil + roots). |

= exclusive maize, | . = maize +Urochloa wziziensisand |,,.= maize +Crotalaria spectabilis

Treatments M. javanica P. brachyurus R. reniformis Nematodes

Crop Systems Flowering Maturity  Flowering  Maturity Flowering  Maturity  Flowering Maturity
Soil (100 cm?) and roots (20 g)

I 207a 330a 620ab 504a 138ab 586ab 966ab 1422a

le 2a 115a 63la 928a 478a 1240a 1112a 2284a

e 80a 188a 216b 179b 42b 203b 339%b 570b

CV (%) 62,24 45,34 14,48 21,46 42,93 33,10 13,07 17,66

LSD 0,51 0,61 0,28 0,39 0,54 0,57 0,27 0,39

Test F 2,79¢ 1,99 9,33 10,55 4,32 6,98 10,40° 9,57

*Mean values (untransformed data) followed by the same lowercase letter in the columns dfdmnj Bitkey’s test at 5% probabilit&atistics
were based on transformed data for log (x + 5). Mean values were derived from 4 sampglesofnposed of 5 subsamples in each crop system. * (p
<0.05), ** (p < 0.01) and ns (not significant), respectively by the F test. Coefficient of variation (CV). Least significant difference (LSD).
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CONCLUSIONS Coyne DL, Cortada L, Dalzell 3J, Claudius-Cél®, Haukeland S,
) ) ) ) ) Luambano N &alwana H (2018) Plant-parasitic nematodes and food
Pearl millet increase®. brachyuus infestation in security in Sub-Saharakfrica. Annual review of phytopathology

the crop area analyzeR. reniformisandP. brachyuus 56:381.
species increased their infestation in common bean whéwnharPL, Mingotte FLC, Chiamolera FM, FillkCAC, Soares PLM,
cultivated under maize intercropped with brachiaria and Lemos LB &VendraminAR (2015) Ocorréncia de nematoides e pro-

. . . . ... dutividade de feijoeiro e milho em funcéo de sistemas de cultivo sob
excluswg maize systems. The maize intercropped W|thplantio direto. Nematropica, 45:34-42.
Croltalar_la system reduces . brajChyu us, andR. Da Costa JPGoares PLMyidal RL, do Nascimento DD & Ferreira RJ
reniformis nematodes population in the common bean (2019) Reacdo de genétipos de feijoeiro a reproducéo de
crop compared to the maize intercropped with brachiariaMeloidogyne javanicae Meloidogyne incognitaPesquisa
system. The best system for nematode control and furthef\9"oPecuaria Tropical, 49:¢54008,

common beans cultivation was maize intercropped wifppdaziorS, Silva SA, Dorigo ORvilcken SRS & MachadaCz (2016)
lari Host-parasite relationships in root-knot disease caused by
crotalaria. Meloidogyne inornatan common beanRhaseolus vulgaris

Journal of Phytopatholog$64:735-744.
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