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Abstract

In the Maranhdo cerrado, Pratylenchus brachyurus phytonematoid is present in soybean plantation areas,
occurring significant losses. At this aspect, the aim was to evaluate the effect of crop succession in the reduction
of population and damage of P. brachyurus on soybean. Treatments consisted of soybean cultivation on soybean
(T1, control) and soybean cultivated in succession on the “straw” of Crotalaria ochroleuca (T2), C. spectabilis +
millet ‘ADR 300’ (T3), millet ‘ADR 300’ T4), Brachiaria ruziziensis (T5), maize ‘GNZ 2005’ + B. ruziziensis
(T6) and maize ‘GNZ 2005’ (T7). The following characteristics were evaluated: P. brachyurus infestation in soil
and plant height, plant height, productivity, number of plants per plot, number of pods per m?, number of pods
per plant, number of grains per plant, number of grains per pod, mass of a thousand grains, total mass and dry
matter The highest populations of P. brachyurus have been found in conventional soybean cultivation on
soybean, or when grown on maize straw ‘GNZ 2005°, B. ruziziensis and maize ‘GNZ 2005’ + B. ruziziensis. In
turn, small populations of phytonematoid occurred in the succession of the soybean with C. ochroleuca, millet
‘ADR 300’ and systems consortium of these two cultures. In order to improve soybean yield in the Maranhdo
cerrado, it is recommended to use C. spectabilis during the off-season, as an option to reduce the population of P.
brachyurus, as well as in the intercropped intercrop with ‘ADR 300’ millet and on its single crop.
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1. Introduction

The Pratylenchus brachyurus has a natural occurrence in the Brazilian Scrubland and is considered the
nematoide of the radicular injuries (Vilela et al., 2011; Machado et al., 2007). This species causes softening
and/or degradation in the cell wall of the host, with suppression and reduction of its defense mechanisms, in
order to generate complex feeding structures (Haegeman et al., 2012). Poor root growth is reflected in the low
increment of aerial part of the plant, with reduction in the crop productivity. The visual symptomatology of the
attack is made through field observations, in which it is possible to note “spots” of of plants with nutritional
deficiency (chlorotic leaves), among other larger plants that do not present visual symptoms of nutrient
deficiency (Barbosa, 2013).

In soybean producing areas, in the State of Maranhdo, this nematode is also present (Freitas et al., 2017), similar
to what occurs in other Cerrado’s producing regions, that begin to show significant losses due to the high
populations of P. brachyurus. These high economic damages in the soybean crop can cause productivity losses of
up to 50% (Franchini et al., 2011).

P. brachyurus is a migratory, endoparasitic and polyphagus phytonematoid, that due to feeding, movement and
injection of toxins inside the tissues, cause damages in soybean roots. The expansion of soybean in areas of
sandy soils, combined with the use of susceptible cultivars and the sowing of host plant species such as maize, in
the soybean off- season period, are the factors that have better explain the increase in the importance of the
phytonematoid to the crop (Goulart et al., 2013).
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Cultural management, through succession or crop rotation, has been shown as the best tool for the control of P.
brachyurus, due to the unavailability of resistant soybean cultivars and the inconsistency of results obtained with
the use of nematicides.

Works performed in greenhouse has shown relevant results, in relation to the ability to multiply P. brachyurus by
different plant species (Inomoto, 2011; Queirdz et al., 2014). This works had good results with Crotalaria
spectabilis. There is also the use of some pearl millet genotypes (Pennisetum americanum L.), considered as
unfavorable hosts. However, most part of maize hybrids (Zea mays L.) are considered favourable host to the
phytonematoid.

It is important to note that few studies have been carried out in field conditions, therefore, different results can be
found when compared to greenhouse essays. In the latter case, the environmental, edaphic and pluviometric
variables that can interact on the yield of the crops and the population of these phytonematoids in a positive or
negative way are not taken into account (Costa et al., 2014).

Due to the importance of soybean cultivation, the damage caused by P. brachyurus to the crop and the probable
efficacy of cultural practices to eradicate or mitigate these problems, it is necessary to analyze management
alternatives that can be used in in Cerrado of Maranhio, to improve soybean yield and decrease the population of
P. brachyurus. In this aspect, the objective of this study was to evaluate the effect of crop succession on the
reduction of population and damage of P. brachyurus on soybean cultivated in the cerrado of Maranhao.

2. Material and Methods

The experiment was conducted in field conditions, from February 2016 to May 2017, with previous planting of
the vegetation cover and subsequent planting of the soybean in the rainy season of February 2017. The
experimental area was located at the Federal University of Maranhdo, Brazil, Center of Agrarian and
Environmental Sciences, in Chapadinha (MA) (3°44'30” S latitude and 43°21'37" WGR longitude, elevation 105
m). The soil was classified as Dystrophic, Red-Yellow-Latosol, sandy texture (160, 40 and 800 g kg™ of clay, silt
and sand, respectively). The region has a subhumid, megahermic climate with great water deficiency in the
summer (C2s2A’a’), annual rainfall ranging from 1600 to 2000 mm, with rainfall unevenly distributed
throughout the year.

The experimental design was a randomized block, with seven treatments and four replications. Treatments
consisted in the following cropping systems: T1: cultivation of soybean as monoculture (control), T2: soybean
cultivated in succession to “straw” of Crotalaria ochroleuca, T3: C. spectabilis + ‘ADR 300’ pearl millet, T4:
‘ADR 300’ pearl millet, TS: Brachiaria ruziziensis, T6: ‘GNZ 2005’ maize + B. ruziziensis and T7: ‘GNZ 2005’
maize. Plant species were sown in rows spaced 0.9 m (maize and maize + B. ruziziensis) or 0.225 m (other
crops), in plots of 5 x 8 m.

In the intercropped system, the sowing of the cultures was simultaneous, with a line of B. ruziziensis in each
interweave of the maize. In T3, the quantities of pure and viable seeds used were 10 kg ha™ for millet and 20 kg
ha™' for C. spectabilis, which were mixed and distributed in all seeding lines. The soybean cultivar used was
‘Paragominas RR’, with a population of 260,000 plants per hectare at a spacing of 0.5 m between lines.

For microbiological analysis, it was collected soil from each treatment and analyzed by the technique of
centrifugal flotation in sucrose solution (Jenkins, 1964). For this, was extracted a 100 cm® aliquot of soil into a
vessel containing 2 L of water. After half filling with water, the mixture was well stirred and then allowed to
stand for about 15 sec. before decanting through a 0.85 or 0.025 mm. The residue on the sieve was collected in a
beaker; the remaining soil was discarded. The residue was transferred to centrifuge tubes and spun for 5 min. at
about 1,750 r.p.m. Following centrifugation, the supernatant liquid was then poured off and a sugar solution
added (454 g cane sugar/l L of water), thoroughly mixing sugar solution and sediment; the tubes are spun for 1
min. The supernatant containing the nematodes was poured on to a 0.025 mm mesh sieve. The residue from this
sieve was collected with the aid of water spray from a pissette to a becker. An aliquot obtained was placed in the
Peters counting chamber and taken to the optical microscope to determine the population of P. brachyurus at 45
and 90 days after sowing.

In each period, the root systems of 10 soybean plants per plot were collected. The extraction of the nematodes
present in the soybean roots was performed by the method of (Coole & D’herde, 1972). The roots were cut into
small pieces of 10 g for each sample, and then it was crushed for about 25 sec., in a blender containing 250 ml of
water. Soon after, the material was poured into 0.85 and 0.025 mm overlapping sieves. The 0.025 mm sieve
residue was collected and distributed in centrifuge tubes, where 2 g of kaolin (stirred) were added to the tubes,
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which were equilibrated and centrifuged. From this step, the same procedures used to extract phytonematoids
from the soil were followed.

The productivity of the crop, per plot, was evaluated in a useful area of 1 x 1 m in (1 m®) and estimated in
hectares. The following agronomic characteristics were evaluated: plant height, in centimeters—measured by the
distance from the soil surface and the apex to the main stem; number of grains per plant—determined by the sum
of grains per plant; number of pods per plant—obtained by the sum of all pods of the plant; number of grains per
pod—determined by the ratio between the number of grains and the number of pods per plant; thousand grain
mass—measured by weighing all the grains of the plant and estimating the mass of one thousand grains. It is
important to note that the obtained mass was corrected for moisture of 13%, and the data were transformed into
kg ha'. Height measurement was performed in eight plants of each plot, randomly.

Data were submitted to analysis of variance by F-test (with significance level p < 0.05) and comparison of means
was performed using the Duncan test. The analyses were conducted using the statistical program InfoStat, 2016
version (Di Rienzo et al., 2016).

3. Results and Discussion

In Table 1, it is possible to observe the population dynamics of nematodes estimated in each treatment. There
was a significant interaction between the management in the off-season and the time of collection of P
brachyurus.

The highest reductions of the populations of P. brachyurus were observed at 45 DAS, for the use of C.
spectabilis + ‘ADR 300’ pearl millet and C. ochroleuca in the off-season. On the other hand, the cultivation of
soybean on soybean and the use of ‘GNZ 2005’ maize in the off-season promoted an increase of 135.87% and
319.57%, respectively, in the average population density of P. brachyurus in soybean roots, between 45 and 90
DAS (Table 1). In general, there was a lack of uniformity in the nematode population of soybean roots, under
different management strategies in off-season, which shows that there is efficiency in the control of infestation
through different cultural practices.

Table 1. Population densities of P. brachyurus in soybean roots, at 45 and 90 days after sowing, due to
management in the soybean off-season

Days after sowing

Off-season management CV (%)
45 90
Soybean (Control) 793.75 Ab 1079.25 Aa 5.54
Crotalaria ochroleuca 182.25 Bb 327.25 Ca 24.77
C. spectabilis + ‘ADR 300’ Pearl millet 65.00 Ba 318.75 Ca 46.83
‘ADR 300’ Pearl millet 311.75 Ba 621.50 Ba 32.70
Brachiaria ruziziensis 235.50 Bb 602.00 Ba 17.12
‘GNZ 2005’ Maize + B. ruziziensis 203.25 Bb 815.25 Aa 45.23
‘GNZ 2005’ Maize 316.75 Bb 1012.25 Aa 24.76
CV (%) 46.88 29.46

Note. Means followed by different letters in the lines (lower case) and columns (uppercase) differ at the 5% level
of significance by the Duncan’s test (p < 0.05).

These results corroborate with those obtained by Leandro (2015) in the control of Rotylenchulus reniformis. in
soybean planting on different cultural practices in off-season. However, it is important to emphasize that in the
present study, the most effective treatments to reduce root infestation occurred with the use of crotalaria.

Concerning the infestation of P. brachyurus in the soil, it was observed that the control and the ‘GNZ 2005’
maize intercropped with B. ruziziensis, as well as their single farming in the off-season (T7), were the hosts of
the largest populations of P. brachyurus in soil at 45 DAS and 90 DAS (Table 2). While the intercropped
cultivation of C. spectabilis with pearl millet, and single crop of C. ohroleuca in the soybean off-season, were, in
general, the most effective management strategies to reduce P. brachyurus population density in the soil.

According to Warnke et al. (2008) and Curto et al. (2015), the crotalaria are the main mechanism involved in
phytonematodes suppression, because these plants have the capacity to act as traps, that is, they allow the
penetration of these pathogens in their roots, in juvenile phases, however they prevent their subsequent
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development. Because in plants of this species there is the accumulation of secondary metabolites with
nematicide action in the roots, as the monocrotaline in the roots, aerial parts and seeds (Wang et al., 2002;
Colegate et al., 2012).

Table 2. Population densities of P. brachyurus at 45 and 90 days in 100 cm™ of soil after sowing, due to
management during the soybean off-season

Days after sowing

Off-season management

45 DAS 90 DAS
Soybean (Control) 286 b 1096 ¢
Crotalaria ochroleuca 132 a 500 ab
C. spectabilis + ‘ADR 300’ Pear] millet 130 a 377 a
‘ADR 300’ Pearl millet 170 ab 722 abc
Brachiaria ruziziensis 175 ab 807 abc
‘GNZ 2005’ Maize + B. ruziziensis 195 ab 1012 abc
‘GNZ 2005’ Maize 275D 1067 be
oo 4077 4350

Note. Means followed by different letters differ at the 5% level of significance by the Duncan’s test (p < 0.05).

Therefore, the cultural management practices in the soybean off-season may imply a greater or less tolerance of
the culture to P. brachyurus. In general, the use of grasses such as maize, pearl millet, Brachiaria, in the soybean
off-season, leads to the estimation of greater infestations of P. brachyurus, both in soil and in roots, especially in
sandy soils with low water retention capacity, as used in the present study and evidenced in most of the
commercial areas of soybean in the East of Maranhdo.

In this aspect, it is important that the use of a grass, such as ‘ADR 300’ pearl millet, which presents high
potential of shoot biomass production (Soratto et al., 2012), is strategically conducted in a consortium with
crotalaria, such as C. spectabilis. This may allow the increase of the soil cover, and especially the reduction P.
brachyurus population, with greater guarantee of better yields of the soybean, in succession, in the cerrado of
Maranhao.

The soybean crop increase, submitted to different management strategies in the off-season, was monitored by the
estimation of plant height in different evaluation periods. There was a significant difference in plant height, both
on the influence of soil cover treatments and on the four evaluation periods, and their respective interactions.

The use of ‘GNZ 2005’ maize with B. ruziziensis in the off-season promoted the highest average growth and was,
therefore, significantly higher than other treatments (Table 3). Although this treatment allowed high infestation
of P. brachyurus in soil and soybean roots, compared to the others, there was good vegetative growth of the crop.
Probably, this was due to the quantity and quality of the straw made by these treatments, in succession with the
soybean, which culminates in positive results in the short term.

Table 3. Soybean plants height (Paragominas RR) due to management during the off-season

Days after sowing

Off-season management CV (%)
42 50 57 65
Soybean (Control) 27.34 Ba 32.91 Bb 4438 Ac 50.72 Abc 6.59
Crotalaria ochroleuca 28.31 Ba 34.00 Bab 46.00 Ac 49.97 Abc 10.63
C. spectabilis + ‘ADR 300’ Pearl millet  29.22 Ba 37.03 Bab 49.91 Abc 51.75 Abc 2.89
‘ADR 300’ Pearl millet 27.84 Ca 33.78 BCab 42.72 ABc 44.97 Ac 4.07
Brachiaria ruziziensis 32.84 Ba 41.03 Bab 57.59 Aab 58.72 Ab 11.55
‘GNZ 2005’ Maize + B. ruziziensis 35.16 Ba 43.50 Ba 66.19 Aa 69.44 Aa 8.46
‘GNZ 2005’ Maize 28.16 Ba 35.16 Bab 48.41 Abc 56.66 Ab 7.52
CV (%) 8.67 12.85 15.52 16.65

Note. Means followed by different letters in the lines (lower case) and columns (upper case) differ at the 5%
level of significance by the Duncan’s test (p < 0.05).
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It is important to note that treatments with single and intercropped crotalaria, although they were effective in
reducing the infestation of P. brachyurus in the soil and soybean roots, presented intermediate height results
(Table 3). This may be due to the low soil cover promoted by the crotalaria species used (Costa et al., 2014;
Soratto et al., 2012) and by the rapid decomposition of soil cover from pearl millet (Dias et al., 2010). This
obstacle has been one of the negative points for the use of pearl millet in succession with the soybean in the
cerrado of Maranhdo, that in its edaphoclimatic conditions favor a rapid decomposition of the straw.

The monoculture of the soybean (control) culminated in low vegetative growth, possibly due to the high
susceptibility to P. brachyurus and the almost nullity of straw in the monoculture conditions analyzed, which
interferes with the water use efficiency, nutrition and health of the crop main.

It is worth mentioning that plant height, as well as the insertion of soybean pods, is determined by the genetics of
the variety, being influenced by conditions such as soil fertility, climate, sowing season and latitude (Meotti et al.,
2012).

Soybean yield was higher in the cultivation on straw of ‘GNZ 2005’ maize, with a significant difference
compared to the other treatments. In the treatment of ‘GNZ 2005’ maize + B. ruziziensis, the average of the
soybean yield was superior to the soybean management in monoculture (control), but without significant
difference among them at the level of 5% of significance presented in (Table 4).

Table 4. Soybean Productivity (Paragominas RR), due to the management during the off-season

Off-season management Days after sowing (kg ha™)
Soybean (Control) 2.411,11 ab

Crotalaria ochroleuca 1.873,81b

C. spectabilis + ‘ADR 300’ Pearl millet 2.194,19b

‘ADR 300’ Pearl millet 1.943,81b

Brachiaria ruziziensis 2.186,25b

‘GNZ 2005’ Maize + B. ruziziensis 2.419,03 ab

‘GNZ 2005’ Maize 2.853,44 a

CV (%) 19.31

Note. Means followed by different letters differ at the 5% level of significance by the Duncan’s test (p < 0.05).

Productivity oscillated from 1.873,81 and 2.853,44 kg ha™ for a coefficient of variation estimate of 19.31%. The
best result was obtained with the use of ‘GNZ 2005’ maize, in the soybean off-season, and is in line with the
average productivity estimated by CONAB (2017) for soybean cultivation in the cerrado of Maranhao.

Although it allowed a greater infestation of P. brachyurus, both in soil and in soybean roots, the beneficial
effects of maize straw were effective in the short term. However, it is important to consider the characteristic of
this culture as host of P. brachyurus, which is one of the main phytosanitary problems faced by the producers of
Baixo Parnaiba Maranhense. This may induce increased of P. brachyurus infestation in the medium and long
term.

Due to the economic importance of maize and soybean growth and productivity increases, in succession
management with this crop, it is necessary to analyze the maize intercropping with crotalaria, which are
important cultural nematicides, or test other maize cultivars, with lower susceptibility to P. brachyurus.

Regarding the results obtained for the maize and B. ruziziensis intercropping and soybean in monoculture, it is
important to highlight the infestation of P. brachyurus destined for these systems, with consequent long-term
phytosanitary risks, which may cause drastic negative effects on yield of the soybean crop in the cerrado of
Maranhao.

Although widely used by local farmers, pearl millet in succession has not been shown effective in increasing
soybean growth and yield. Possibly, due to the low C/N ratio of the straw, which presents quickly decomposition
in the soil and climatic conditions of the cerrado of Maranhio, in off-season.

Although the species of crotalaria analyzed were effective nematicides, did not induce a good yield of the
soybean. This was probably due to the low supply of straw to the soil. However, it is essential to study the effect
of other crotalaria species, as well as to intercrop them with other crops that are economically important in the
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local market, such as maize. But, it is preponderant that this system of succession is, moreover, efficient in the
improvement of the straw and yield of the soybean.

For the other agronomic characteristics of the soybean (Table 5), there was no significant effect of the evaluated
treatments. These results corroborate with those found by several authors (Chioderoli et al., 2012; Lima et al.,
2009; Nunes et al., 2010). Possibly, this can be attributed to the genetics of the cultivar analyzed.

Table 5. Agronomic characteristics of soybean cv. Paragominas RR, due to the management during the
off-season in the cerrado of Maranhdo

Variables
Off-season management
NP NPo NPoP NGPo NGP NG MTG DM

Soybean (Control) 34.00 11363 33.74  2.10 70.21  2367.3 98.90  209.8
Crotalaria ochroleuca 33.75 919.25 27.91 1.96 55.33 1816.8 98.28 185.6
C. spectabilis + ‘ADR 300’ Pearl millet  38.25 1163 31.13 1.86 5.50 2166.0 94.08 257.8
‘ADR 300’ Pearl millet 35.00 1203.5 33.89 2.01 68.12 24183 95.10 277.6
Brachiaria ruziziensis 47.00 1172.5 26.47 2.03 54.23 2366.8 100.6 3334
‘GNZ 2005’ Maize + B. ruziziensis 49.75 1340.3 26.42 2.00 53.06 26953 92.60  290.6
‘GNZ 2005’ Maize 43.75 1364.3 33.58 2.02 70.38  2789.5 96.20 3384
oo 27.00 2809 2743 885 3156 3086  6.67 4047

Note. NP: number of plants; NPo: number of pods per m? NPoP: number of pods per plant; NG: number of
grains; NGP: number of grains per plant NGPo: number of grains per pod; MTG: mass of a thousand grains and
DM: dry matter.

4. Conclusions

Crotalaria spectabilis and Crotalaria ochroleuca were effective in reducing P. brachyurus infestation in soil and
soybean roots in succession. However, it is important to combine these legumes with grasses or other
straw-growing crops into the system in order to obtain better yields of soybean growth and productivity.

‘GNZ 2005’ maize and Brachiaria ruziziensis were important for increasing soybean yield in succession,
however, the prolonged use of these species may increase the risks with phytosanitary problems associated with
P. brachyurus in the cerrado of Maranhao.
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