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Abstract

Soybean crop (Glicyne max) is host to a range of pathogens, among them phytonematoids, with emphasis on the
soybean cyst nematode (Heterodera glycines), which has recently caused great damages to the crop and
compromised its productivity. Alternatives to the management of diseases, caused by phytonematoids, that are
effective and less harmful to the environment, are increasingly being sought. Thus, the incorporation of organic
compounds into the soil, such as tannery sludge (bovine chain by-product), presents great potential in the
management of soil-borne pathogens, as well as reducing environmental impacts caused by the release into the
environment. Thus, the aim of present study had as objective to evaluate the effect of different tannery sludge
doses on the management of H. glycines in greenhouse. The study used a nematode-susceptible cultivar (BRS
Valiosa RR) and followed a completely randomized experimental design, with 5 repetitions. The nematode
penetration in the roots was assessed 10 days after inoculation (DAI), whereas the fresh root mass, the number of
females per root gram, and the number of eggs per female were assessed 30 DAI. The tannery sludge is efficient
in the management of H. glycines in nematode-susceptible soybean cultivars, reducing the number of females per
gram of root, the number of juveniles of the second stage (J2) of the nematoid per root system and promoting
increases in fresh mass of the roots. However, more studies are needed to understand the dynamics of the
nematode reduction in the presence of the organic compound, since nematode reproduction was not affected by
the presence of tannery sludge.
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1. Introduction

The nematode H. glycines Ichinohe (1952), also known as soybean cyst nematode (SCN), stands out among
phytosanitary issues limiting the achievement of high soybean yields (Glicyne max (L.) Merril) due to the
damages it causes to crops and to the easy dissemination assured by cysts (Embrapa, 2015). The SCN was first
detected in Brazil in the 1991/1992 crop (Lima et al., 1992; Lordello et al., 1992; Monteiro & Morais, 1992);
since then, it has negatively affected the soybean cultivation in the country. According to Inomoto (2006), the
losses caused by this nematode in sandy soils under low infestation conditions may vary from 10% to 30% and,
in high incidence cases, these losses may reach 70%. Once the nematode is found in the field, producers should
take measures to keep the population density low in order to avoid damaging the crop of agricultural interest,
since eradicating the pathogen is not possible (Dias et al., 2009).

The most used tools in the management of H. glycines are: resistant cultivars, due to their efficiency and
economic viability (Xu, 2002); crop rotation, in order to limit the number of SCN hosts (Riggs & Schmitt, 1993);
and soil management (no-tillage, soil decompaction, soil fertility, among others) (Dhingra et al., 2009).
Nematicides (chemical control) increase production costs, show low nematode control efficiency and are
difficult to be applied. In addition, these products are based on aldicarb, cabofuran, oxamyl and fenamiphos,
which show high toxicity degree (Steffen et al., 2011). Thus, it is necessary finding alternative control measures
able to cause less damage to the environment and to human health in order to help developing a more sustainable
agriculture.

Tannery sludge shows great potential to control pathogens (Bettiol & Santos, 2008) due to its potential to
incorporate organic residues in the soil in order to stimulate plant growth and nutrient supply (Costa et al., 2001;
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Aragjo et al., 2008; Martines, 2009; Santos, 2010), as well as to its capacity to activate the soil microbiota and
suppress soil diseases (Lumsden et al., 1983; Aratjo & Bettiol, 2005). According to some authors, the action
mechanism of organic compounds results from decomposition processes, which release compounds (ammonia
and fatty acids) with nematicide properties, fact that negatively affects phytonematode populations (Oka, 2010;
Ferraz et al., 2010). As per Bettiol and Santos (2008), plant disease control through sludge happens through the
activation of the soil microbiota, which enables natural biological control. Another plausible justification lies on
the fact that the sludge increases soil pH (Santos, 2010) and that pH near alkalinity does not favor nematode
development (Massaroto & Yamashita, 2011). Different authors report that the application of organic sludge leds
to satisfactory management of the nematode Meloidogyne javanica in soybean crops (Araujo & Bettiol, 2005;
Araujo & Gentil, 2010). Renco et al. (2007) studied the effects of different organic compound sources on
Globodera rostochiensis survival and reproduction in potato cultivations and found that all the tested compounds
significantly reduced the number of nematode eggs and juveniles. In addition, studies showing tannery sludge
efficiency against H. glycines remain scarce.

In this context, the aim of the present study was to assess the effects of different tannery sludge doses on the
management of H. glycines in soybean crops.

2. Method

The experiment was conducted in a greenhouse at Goiano Federal Institute-Urutai Campus, Goias State,
(17°29'10" S and 48°12'38” W; 697 m asl.). The study followed a completely randomized experimental design
(CRD), with four treatments (increasing tannery sludge doses: 0; 5; 10; 20 Mg ha™) and 5 repetitions. The
soybean cultivar used in the experiment was BRS Valiosa RR, which is susceptible to the nematode (Embrapa,
2014).

The amount of tannery sludge applied to the soil took into consideration the N supply provided by the residue, at
mineralization rate 30% (Cetesb, 1999). Treatments supplying 0, 5, 100 and 200 kg of N ha™ were carried out
through the incorporation of the following sludge doses (dry basis) per hectare: 0 Mg ha™ (no sludge); 5 Mg ha™'
(9.6 g of sludge per pot); 10 Mg ha™ (19.2 g of sludge per pot); and 20 Mg ha (38.4 g of sludge per pot). Table
1 presents the chemical analysis applied to the tannery sludge and to the soil used in the experiment.

Table 1. Main characteristics of the soil samples (Haplic Plinthosol) and tannery sludge used in the substrate
composition for soybean (Glycines max) cultivation

Attributes Soil Tannery sludge
pH (H,0) 6.28 -

N (g dm™) = 7.47

P (mg dm™) 9.55 7.90

K (mg dm™) 10.10 139.1
Ca (cmolc dm™) 1.09 0.00
Mg (cmolc dm™) 0.55 9.67

Na (g dm™) - 12.50
Cu (mg dm™) 4.90 1.50

Fe (mg dm™) 337.30 5.251.21
Mn (mg.dm™) 128.10 12.05
Zn (mg dm™) 8.70 89.50
Organic matter (%) 0.20 4436
Clay (%) 20.00 -

Silt (%) 40.60 -

Sand (%) 39.40 0.00

Cr (mg dm™) 0.00 0.00
CTC (cmolc dm™) 2.57 -

Note. '(-): non-assessed attribute; CTC: Cation exchange capacity.

The inoculum of the nematode H. glycines (race 6) was obtained from a naturally infested area in Ipameri
County-GO and subsequently multiplied in ceramic pots, in the root systems of the BRS Valiosa RR soybean
cultivar, under greenhouse condition, for 30 days. Next, the plant root systems were subjected to extraction
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process, according to the methodology by Tihohod (2000), in order to obtain the suspension of eggs and
second-stage juveniles (J2) of the nematode to be used in the experiment inoculation.

Five (5) soybean seeds were sown per ceramic pot (1.4 L capacity) containing substrate composed of soil + sand,
at the ratio 1: 1; the pots were previously sterilized with phosphine. The tannery sludge was mixed to the
substrate at the time to fill the pots, before the soybean sowing procedure. The pots were kept in the greenhouse
and thinning was performed ten days after sowing; a single seedling was kept in each pot in order to compose the
experimental unit.

Inoculation was carried out 15 days after sowing, when plants were approximately 10 cm tall. A suspension
containing 2,500 eggs + J2 of H. glycines per seedling was added to the pots, according to the methodology by
Dias-Arieira (2003).

The nematode penetration rate was assessed 10 DAI In order to do so, 5 plants were collected from each
treatment and taken to the laboratory. The shoots of these plants were discarded and the root systems were
stained according to the plant-tissue nematode staining technique (Byrd et al., 1983). Next, root fragments were
placed in glycerin and stored in a refrigerator until the slides were mounted. All the root fragments were placed
in Petri dishes and taken to a stereoscopic microscope for J2 quantification (15% magnification).

The root fresh mass, the number of females per root system, and the number of eggs per female in the other
plants were assessed 30 DAI. The root systems were subjected to strong water jet under a set of 20-mesh and
60-mesh sieves (Tihohod, 2000). After the washing procedure was over, the material retained in the 20-mesh
sieve was discarded, whereas that retained in the 60-mesh sieve was placed in a beaker, with the aid of a wash
bottle, and poured onto filter paper placed over a tiled chute (Andrade et al., 1995). Next, the filter paper was
placed under a glass plate and analyzed in the stereomicroscope, at 15x magnification, in order to count the
number of females.

Subsequently, 10 females from each sample were randomly separated and their bodies were severed in 100-mesh
and 400-mesh sieves, with the aid of a rod. The content retained in the 400-mesh sieve, which contained
nematode eggs, was collected in a 50-ml beaker and stored in the refrigerator until the end of the counting
procedure. The suspension was homogenized and the eggs (1 mL aliquot) were quantified under optical
microscope (50% magnification), with the aid of Barlow lens.

Data were subjected to analysis of variance and the means were compared through Tukey test at 5% probability
level. Regression analysis was performed whenever significant differences were found between tannery sludge
concentrations. All the data were transformed into square root of x + 1 to allow performing the analyses. The
SISVAR software version 5.4 was used in the statistical analyses (Ferreira, 2000).

3. Results and Discussion

The tannery sludge doses used in the experiment at 5% probability level significantly influenced the number of
second-stage juveniles (J2) per root system, the fresh root mass and the number of females per root gram (Figure
1A, B, C).
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Figure 1. Influence of different tannery sludge doses on the number of second-stage H. glycines juveniles (J2)
per root system (A), soybean root fresh mass (B) and the number of female H. glycines per root gram (C)

The number of second-stage H. glycines juveniles (J2) per root system was assessed 10 DAI; it showed quadratic
behavior in the adjustment of the sludge dose effects (Figure 1A), significant correlation with tannery sludge
doses, as well as trend to reduce the NCS (in the root systems) whenever the tannery sludge dose incorporated in
the soil increased. According to Oka (2010) and Ferraz et al. (2010), the organic fertilizer decomposition process
releases compounds such as ammonium and fatty acids, which show nematicide action. These compounds
negatively affect phytonematode populations (Oka, 2010), fact that may have reduced the number of J2
nematodes per root system in the current study. Another hypothesis for such reduction lies on the fact that the
tannery sludge is a carbon-rich compound that helps controlling plant diseases caused by soil pathogens through
the activation of the soil microbiota, which is responsible for performing the biocontrol (Bettiol & Santos, 2008).

The root fresh mass was assessed 30 days after the inoculation of the BRS Valiosa RR soybean cultivar and
showed linear increase as the tannery sludge doses increased (Figure 1B). These results indicated that the tannery
sludge enabled higher soybean root system development, since it is nutrient-rich (Table 1); therefore, it increased
the crop tolerance to nematode attack. According to Ferreira et al. (2003), tannery sludge can be recommended
for soil application since the corrective actions and the fertilizing value of the residue improve nutrient supply;
consequently, they improve plant growth.

The literature records several studies showing satisfactory results concerning tannery sludge application to the
soil; these studies enable developing better crops, as well as they enable nutrient supply and/or absorption. In this
regards, Costa et al. (2001) reported that dry matter and yield increase due to sludge incorporation in the soil.
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According to the aforementioned authors, the application of tannery residues enabled higher soybean dry matter
yields than those obtained in the control; in addition, its residual effect was lower than that recorded in the NPK
+ limestone addition treatment.

Araujo et al. (2008) also assessed maize development and soil fertility in crops subjected to tannery sludge and
phosphorite application. The authors found higher maize development in treatments using tannery sludge doses
in natura than in those using mineral fertilization; they also noticed that the tannery sludge improved nutrient
accumulation and increased phosphorus absorption in plants (treatment using sludge incorporation associated
with phosphorite). It is worth highlighting that yields resulting from tannery sludge incorporation in
maize-cultivated soils are obtained through immediate organic N release (Konrad & Castilhos, 2002).

Martines (2009) reported increased maize grain yield due to tannery sludge application to the crop. Maximum
grain yield was obtained at the dose 521 kg ha™', and it represented 13% gain in comparison to the control and to
the agronomic treatment (120 kg ha™ N via urea). The aforementioned author also assessed the effect of tannery
sludge application on oat crops. The maximum shoot dry matter mass yield was found at the dose 1133 kg ha' N
via tannery sludge, and it represented 123% and 75% yield gain in comparison to the control and to the
agronomic treatment (120 kg ha™' N via urea), respectively.

Santos (2010) found other benefits from sludge application. According to the author, the application of tannery
sludge doses led to increased soil fertility and pH in the assessed Acrisol and Neosol soils; in addition, it
increased plant biomass in cowpea beans. Miranda (2014) assessed the effect of composting tannery sludge
application (at the doses 0, 2.5, 5, 10 and 20 Mg ha™) on cowpea beans (Vignia unguiculata (L). Walp) for 4
consecutive years, under field conditions. The author found that the highest cowpea bean yield was found in
plants treated with the sludge, more specifically at sludge dose 10 Mg ha™, and it corresponded to yield increase
higher than 29%.

Regarding to the number of female H. glycines per root gram, which was also assessed 30 DAI, it showed linear
decrease as the tannery sludge doses increased (Figure 1C). This result is directly related to the number of J2 in
the NCS per root system, since its reduction results in a smaller number of nematodes in the root. These results
indicate that the presence of tannery sludge in the soil negatively affected nematode development; consequently,
it reduced the number of females per root gram. The current results corroborate the study by Renco et al. (2007),
who studied the effects of different organic compound sources on the survival and reproduction of Globodera
rostochiensis cyst nematodes in potato crops and found that all the tested compounds significantly reduced the
number of eggs and juvenile nematodes.

According to Rodriquez-Kabana (1986), the nematicide effect of organic compounds results from the release of
toxic substances such as ammonia and nitrites during the decomposition process. Another plausible justification
for phytonematode control through organic compounds is that they work as substrate for the growth of
nematophagous and nematode cyst-colonizing fungi; these fungi enable biocontrol by significantly reducing the
pathogen population (Kerry, 1998). It is worth emphasizing that vermicomposts promote microbial activity by
providing resources for the growth of soil bacteria and, mainly, fungi (Edwards, 1998).

In addition, several studies used organic compounds incorporated in cultivated soils and found interesting results
in the control of other phytonematodes in different crops. It is worth highlighting the study by Arancon et al.
(2002), who reported significant suppression of plant parasitic nematode populations and increased fungi-feeding
nematode populations in tomato, pepper, strawberry and grape crops treated with vermicomposts.
Vermicompost-based treatments applied to grape and strawberry crops showed phytonematode population
reduction and nematophagous fungi population increase, fact that clearly demonstrates that treating soils with
vermicomposts significantly helped suppressing nematodes (Arancon et al., 2003). There have been reports that
the addition of different organic compound sources to the soil reduced root-knot nematode (Meloidogyne spp.)
populations and increased crop yield (Ribeiro et al., 1998; Chen et al., 2000; D’ Addabbo et al., 2000).

Conversely, Aragjo and Bettiol (2005) assessed the effects of sewage sludge incorporation in the soil on the
suppressiveness of root-knot and cyst nematodes; they found that sludge incorporation did not reduce H. glycines
incidence in soybean roots or affected their development, according to the assessment conducted two months
after sowing. Therefore, it is essential conducting further studies in order to assess the effects of sludge on the
biology of soybean cyst nematodes. On the other hand, several studies have already found satisfactory results in
the control of pathogenic fungi and such control was attributed to the activation of soil microbiota.

Another hypothesis associates nematode reduction with the presence of sludge in the soil. Such hypothesis is
supported by the fact that the sludge increases soil pH (Santos, 2010) and that nematodes development is
affected by the acidity or alkalinity degree in the environment they live in. The optimum pH range for nematode
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development between 5.5 and 6.0, as well as pH near alkalinity, did not favor nematode development (Massaroto
& Yamashita, 2011).

The number of eggs per female nematode was not affected by different tannery sludge doses (Figure 1C). It
evidenced that although the incorporation of tannery sludge in the soil reduced the number of females per root
gram, it did not affect nematode reproduction, fact that confirmed that the presence of tannery sludge in the soil
compromises pathogen survival and development. Similar results were recorded by Sharma et al. (2000), who
found that sewage sludge did not affect the cycle of nematodes such as Pratylenchus brachyurus and
Helicotylenchus dihystera. On the other hand, Aragjo and Bettiol (2005) found that the treatment using sewage
sludge at the concentration 20 Mg ha™' reduced Meloidogyne javanica reproduction in soybean crops.

Aragjo and Gentil (2010) also found that increased tannery sludge doses applied to the soil quadratically reduced
the reproduction of root-knot nematodes (M. javanica) in soybean roots. According to the aforementioned
authors, the effect of the tannery sludge addition to the soil on the reduced reproduction of root-knot nematodes
(M. javanica) may be attributed to antagonists that, along with the organic matter in the soil, affected egg
hatching and juvenile orientation, as well as parasitized nematode eggs.

The tannery sludge was efficient in the management of H. glycines in nematode-susceptible soybean cultivars,
since it reduced the number of females per root gram, as well as the number of second-stage nematode juveniles
(J2) per root system, and increased root fresh mass. However, it is necessary conducting further studies to help
better understanding the nematode reduction dynamics in the presence of organic compounds, since nematode
reproduction was not affected by the tannery sludge.
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