
Journal of Agricultural Science; Vol. 10, No. 5; 2018 
ISSN 1916-9752 E-ISSN 1916-9760 

Published by Canadian Center of Science and Education 

211 

In vitro Inhibition of Soilborn Phytopathogens Treated With 
Swine Wastewater 

Danielle Dutra Martinha1, Cleonice Lubian2, Cintia Koech1, Roberto Luis Portz1, Vivian Carré Missio1, 
Silvio Cesar Sampaio2 & Jonathan Dieter1 

1 Universidade Federal do Paraná, Setor Palotina, Brazil 
2 Universidade Estadual do Oeste do Paraná, Campus Marechal Cândido Rondon, Brazil 

Correspondence: Danielle Dutra Martinha, Universidade Federal do Paraná, Setor Palotina, Brazil. E-mail: 
danielledmartinha@gmail.com 

 

Received: October 22, 2017      Accepted: February 5, 2018      Online Published: April 15, 2018 

doi:10.5539/jas.v10n5p211          URL: https://doi.org/10.5539/jas.v10n5p211 

 

Abstract 
Swine wastewater (SWW) is a residue from pig farming that presents a high load of nutrients and organic matter. 
The appliance of organic matter in soil alters the microbial dynamic and may suppress soilborn phytopathogens. 
This study aimed at evaluating the inhibition on mycelial growth of Sclerotinia sclerotiorum and Sclerotium 
rolfsii in vitro under SWW doses. Hereupon, three kilograms of a soil classified as red dystroferric latosol was 
collected and sieved. Half of it was autoclaved. SWW was incorporated at doses of 0 mL, 2.5 mL, 5 mL, 10 mL 
and 20 mL in both soil conditions, autoclaved and not autoclaved. Afterwards, 130 grams of each soil was 
separately put into Petri plates above what a thin layer (≅ 5 mL) of Water-Agar (2%) medium was carefully 
spread over. Above this agar layer, one disk (6 mm diameter) of pure mycelium from each fungal grown in 
Potato Dextrose Agar medium was individually placed on the center of each plate. Daily evaluations on mycelial 
growth measuring were taken and ended when mycelium in control plates (without SWW addition) reached plate 
borders. Results indicated that in autoclaved soil condition, the inhibition was proportional to the dose, what is to 
say that the higher the dose the less the mycelial growth. In not autoclaved soil there was no significant 
difference among treatments, suggesting stimuli on suppression effect for both pathogens caused by SWW. In 
addition, the confirmed potential of SWW as a suppressor of S. sclerotiorum and S. rolfsii leads to promising 
investigations on other phytopathogens hard to control.  
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1. Introduction 
Brazilian pig farming is an important agribusiness sector for national economy and south region correspond to 
66.9% of total production. Compliant with IBGE (2017), in the first trimester of 2017, 10.46 million pigs were 
slaughtered, representing 2.6% increase compared to the previous year. Eastern region of Paraná stands out due 
to the biggest animal breeding squad of the state. However, this activity became worrying about environmental 
problems caused by large swine wastewater (SWW) production and its inappropriate dumping on lands 
(Smanhotto et al., 2010). 

Final destination of SWW in soil must consider environmental protection practices once incorrect destination 
may cause problems as river contamination (eutrophication), soil pollution (nitrogen and phosphorus) and air 
contamination (Kunz et al., 2005; Orrico et al., 2009; Zheng et al., 2014). 

Liquid manure contains organic matter and many nutrients from animal diet (Diesel et al., 2002). The most 
current manure management in Brazil consists of its conservation in lakes or tanks for further appliance as 
biofertilizer in croplands (Kunz et al., 2009). Adequate appliance may supply nutrients and water for plants, 
reduce fertilizer use and inhibit phytopathogens in soil through stimulation on native microbial (Erthal et al., 
2010). Microbial biomass synthesizes organic matter in soil up to a stage of humic state, tough degradable 
(Bailey & Lazarovits, 2003).  

Tropical-temperate climates in Brazil turn easier fungal diseases development in plants by constant temperature 
and humidity variance (Hoeltz, 2009). Fungal root diseases highlight in disturbed soil, partially as consequence 
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of agriculture system adoption, which simplify ecology in very large areas turning them more susceptible to 
pathogenic establishment (Michereff et al., 2005). 

Controlling soilborn pathogenic fungi is a difficult task because they stay in soil for long through resistance 
structures as sclerodium, formed by Sclerotium rolfsii and Sclerotinia sclerotiorum, what requires integrated 
management for improving control, such as biological and cultural methods. 

Biological control relies on interactions among pathogenic microorganisms and biological control agents, as 
antibiosis, antagonism, competition and parasitism (Howell, 2003). Dumping vegetal rests allows 
microorganisms aiding in sclerodium decay (Henning et al., 2014). Certified seeds use and seed treatment with 
fungicides from benzimidazole group reduce the transmission of dormant mycelium, scaling down initial 
inoculum. Crop rotation helps in natural degradation of resistance structures (Leite, 2005).  
Other controlling strategy is the soil suppressiveness, a natural phenomenon that prevents, inhibits or avoids 
pathogens establishment and their activity in soil (Bettiol et al., 2009), reduces inoculum density and disease 
intensity even when there is high inoculum incidence.  

General pathogen suppression is directly related to a high degree of soil fungistasis that involves more than a 
single microorganism or specific group of microorganisms to reach general suppression (Cook & Baker, 1983). 
Specific suppression requests particular effects of antagonistic organisms on pathogen at some point of its life 
cycle. In this context, suppressiveness of any given soil ranges from highly conducive to suppressive soils, 
having crop health as major goal. For this to happen, it is necessary to develop tools to manage soil biotic and 
abiotic factors in order to increase soil suppressiveness against phytopathogens (Janvier et al., 2007). 

This study aimed at evaluating the growth of Sclerotium rolfsii and Sclerotinia sclerotiorum under SWW doses 
added in artificial culture medium. We hypothesize that SWW may reduce phytopathogens growth significantly.   

2. Method 
Sclerotium rolfsii and Sclerotinia sclerotiorum isolates used are from Phytopathology Laboratory of 
Universidade Federal do Paraná, Setor Palotina. Isolates were cultured in Petri plates with PDA (potato dextrose 
agar), stored into BOD at 27±2 °C under 12-hour photoperiod. 

Swine wastewater was collected from a one-year-old biogas production system in a farm of Palotina city, Paraná 
state.  

For mycelia growth test, three kilograms of a soil classified as red dystroferric latosol (Embrapa, 2013) was 
sieved. Half of this soil was autoclaved at 120 °C, 1 atm for 30 minutes. It was deposited 130 grams of the soil at 
the bottom of each Petri plate followed by swine wastewater incorporation at the doses of 0 mL, 2.5 mL, 5 mL, 
10 mL and 20 mL. The same procedure was done for not autoclaved soil. These doses correspond to proportions 
applied in fields of 20, 40, 80 and 160 m3 per hectare. Each treatment had five repetitions.  

Afterwards, a thin layer (≅ 5 mL) of Water-Agar (WA) 2% medium was carefully spread over it. Above this agar 
layer, one disk (6 mm diameter) of pure mycelium containing sclerodium of each pathogen grown in PDA 
medium was placed, individually, on the center of each plate. Then, plates sealed with Parafilm were stored into 
BOD at 27±2 °C under 12-hour photoperiod until full growth of mycelia.  

For growth diameter, mycelia area was taken daily with a ruler by measuring two orthogonal axes (diametrically 
opposite measures) and stopped when control plates exhibited full growth. Growth inhibition was determined 
comparing the growth between each treatment to its respective control, using the following equation (Edgington 
et al., 1971):  

PIC = ቀDc – Dn

Dc
ቁ  × 100	                                (1) 

where, PIC = Percentage inhibition of mycelial growth; Dc = Control diameter; Dn = treatment diameter. Data 
was expressed in percentage. 

The experimental design was completely randomized. Obtained data were subjected to variance analyses 
(ANOVA). In the case of significant results (P < 0.05), Tukey test (5% error probability) was employed to 
compare averages using SISVAR 5.6® program (Ferreira, 2011).  

3. Results  
Control plates of both isolates exhibited full growth in seven days, therefore measuring evaluations stopped at 
seventh experimental day.  
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Table 1. Mycelial inhibition of Sclerotinia sclerotiorum and Sclerotium rolfsii in autoclaved soil with 
incorporation of SWW in different doses 

Swine wastewater doses 
Mycelial inhibition percentage (%) 

Sclerotinia sclerotiorum Sclerotium rolfsii 

2.5 mL 76.53 a 20.74 a 

5 mL 88.15 b 44.44 b 

10 mL 92.85 c 55.55 c 

20 mL 93.19 d 55.55 c 

Note. Means followed by the same letters in column did not differ significantly from each other by Tukey test, at 
5% error probability. 

 

In not autoclaved soil, the inhibition of S. sclerotiorum was 100% and less than 30% for S. rolfsii (Table 2), 
suggesting that SWW stimulated native microbial giving the soil a suppressive status.  

 

Table 2. Mycelial inhibition of S. sclerotiorum and S. rolfsii in not autoclaved soil under effect of different SWW 
doses incorporation 

Swine wastewater doses 
Mycelial inhibition percentage (%) 

Sclerotinia sclerotiorum Sclerotium rolfsii 

2.5 mL 100 a 28.57 a 

5 mL 100 a 28.57 a 

10 mL 100 a 28.57 a 

20 mL 100 a 28.57 a 

Note. Means followed by the same letters in column did not differ significantly from each other by Tukey test, at 
5% error probability. 

 

4. Discussion 
In agricultural areas, suppression in soil may occur naturally, however, organic compounds addition leads to the 
predominance of biological suppression mechanism, although chemical and physical factors can also affect. To 
improve the efficiency of disease control it is possible to inoculate materials with biological control agents, 
handling anaerobic biodigestion process and characterize the profile of microbial community (Pereira et al., 1996; 
Martin & Brathwaite, 2012). Our results provided interesting pathogenic control from SWW appliance, an 
organic material.  

Microbial diversity in SWW community depends upon anaerobic process. Ducey and Hunt (2012) identified the 
interactions of microbial ecosystem of four SSW-anaerobiosis lakes through the next-generation sequencing 
technology, extraction and DNA sequencing, biochemical and microbiological analyses of SWW. They found a 
large number of anaerobic gram positive phylotypes that reduce sulfate, cycle nitrogen and sulfur, ferment and 
produce stink. However, there was variation in microbial diversity among lakes, implying in the interference 
caused by environmental conditions.  

Moura et al. (2016) analyzed bacterial community alteration in soil passed eight years of SWW continuous use. 
Elements such as zinc, copper, phosphorus and nitrogen were found to be important for microbial population 
growth maintenance. Unlikely, manganese and iron negatively affected microbial population. Microbial 
community in soil varies according to the SWW dose and time, once its continuous appliance in high doses (200 
and 300 m3 ha-1) induced lower diversity and favored the permanence of given microbial groups.  

Studies involving addition of organic matter residues aiming at suppressing phytopathogens activity in soil in 
different crops have shown promising results. In agreement with Pereira et al. (1996), organic matter addition as 
a trial to control phytopathogens is older than 100 years, being initiated in Brazil in 80 decade. Biofertilizers 
obtained by fermentation process contain bacterial, yeasts and bacilli displaying fungicide, nematicide and 
hormonal effects. When correctly applied it operates as plagues and diseases repellent, protecting plants naturally 
(Silva et al., 2007). In addition, the high nutrient load and pH have direct effect on soil ecosystem. Our study 
provided the understanding that such phenomenon also occurs in in vitro condition.  
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Other organic products, such as, liquid slurry from pig farming can control soilborn plant pathogens when 
incorporated in soil. Silva (2014) tested it against Phytophthora nicotianae population in citrus crop, noticing 
significant reduction on pathogen population. Manteli (2010) also checked efficiency applying the same organic 
product against Pythium sp. in cucumber crop (Cucumis sativus).  

In this study, growth inhibition of S. sclerotiorum observed in soil not autoclaved is probably associated with the 
huge potential of microbial activation in soil, resulting in competition among fungi already present in soil. Souza 
et al. (2014) checked similar effect with consecutive SWW appliance stimulating soil microorganisms.  

Similar conclusion was obtained by Morales et al. (2007) testing slurry from pig farming against development of 
neck rotting and damping off diseases in bean seedlings caused by S. rolfsii. They observed higher reduction on 
diseases intensity at the higher dosages. The authors explain that ammonia concentration, copper and zinc levels 
are the main factors involved.  

Tenuta and Lazarovits (2002) and Conn et al. (2005) concluded that chemical composition and concentration in 
liquid slurry from pig farming influenced on chemical liberation into soil. Ammonia and volatile fatty acids were 
toxic to micro sclerodium of Verticillium dahliae. They also verified that acid pH and nitrite accumulation 
generated nitrous acid, a great strategy to control soil diseases due to its higher toxicity than ammonia. Thus, we 
agree that not only edaphic microbial community played an important role at reducing S. rolfsii and S. 
sclerotiorum. Very possibly many chemical components of SWW could have contributed to control.  

According to Manteli (2010), SWW appliance in soil can cause pH reduction due to organic acids that increase 
this effect. Cabral et al. (2011) also observed pH reduction applying SWW in soil, but did not find a relation 
between pH and SWW doses. These authors also detected a linear relation between SWW dose applied in soil 
and reduction on Al3+ concentration in all soil layers (0-20 cm; 20-40 cm; 40-60 cm). It is valid to point out that 
soils vary in their buffer capacity (Bedin et al., 2003) what implies in different resistance to pH variation. 
Therefore, not all times pH alteration is expected but in some cases SWW provides pH reduction, other control 
mechanism on some soilborn phytopathogens.  

Even many positives aspects related to SWW addition in soil are reported, its successive use can cause soil 
contamination because SWW carries large amounts of not balanced nutrients (Prior et al., 2015), resulting in 
high concentration as time passes. 

Soils diverge in chemical, physical and biological composition affecting directly the SWW absorption. Queiroz 
et al. (2004) applied SWW at different dosages in a Red-Yellow Podzolic soil (Embrapa, 2013) verifying 
phosphorus, potassium, sodium and zinc accumulation, manganese and copper decrease and calcium stability in 
soil. On the other hand, Maggi et al. (2010) applied SWW in a red Dystroferric latosol (Embrapa, 2013) noticing 
no influence on manganese and nitrogen values and increase on potassium, phosphorus and calcium 
concentrations as SWW doses increased.  

As absorption, the percolation and nutrients supplying vary according to the soil type and SWW dose. Therefore, 
suppressiveness success on phytopathogens will change in each specific ecosystem where soil and plant nutrition 
must be considered. Generally, plants cultivated in poor nutritional soils are more susceptible to pathogenic 
action.  

In a review about nutrients influence in phytopathogens behavior, Zambolim and Ventura (1993) related each 
nutrient role in saprophytic and biotrophic phytopathogens. Some nutrients stimulated them and others inhibited, 
because each fungal specie has its own nutritional demand. Diseases caused by Fusarium, Rhizoctonia and 
Aphonomyces genus, for instance, may be stimulated by ammonium and reduced by nitrate, according to 
chemical structure of nitrogen.  

In balanced conditions, some diseases can be controlled by nutritional management or crop rotation (Reis et al., 
2011). However, pathogens like S. scleororioum and S. rolfsii form resistance structures (sclerodium) that stay in 
soil independent of its nutritional status. These ones may be controlled by suppressiveness induction over time. 
Our results demonstrate that high doses in little time inhibit these phytopathogens growth.  

SWW appliance, however, may also not show suppressive effect. Durigon (2012) evaluated successive SWW 
introduction in corn crop leading to a populational increase in Fusarium spp. as time passed. For this reason, 
correct handling and dosage addition into soil must to be take into account, remembering that the cultivated crop 
is an essential parameter (Silveira et al., 2011).  

Diseases are exceptions in soil so its presence indicates ecological imbalance. Pig farming waste submitted to 
anaerobic biodigestion are composed by nutrients and microorganisms with beneficial action in soil since 
whereas well handled. Other waste types, as sewage, household waste, agroindustrial residues can also suppress 
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phytopathogens in soil, especially fungi. Process as vermicomposting, composting, anaerobic digestion favors 
antagonistic action of microorganisms present in soil against phytopathogens, beyond chemical factors already 
pointed (Singh et al., 2013). 

Santos et al. (2014) evaluated current systems of SWW treatment in Brazil. Besides their results show 
satisfactory reduction of pollute load in SWW effluents, there is no study pointing the costs of each system. Our 
study provides valuable information on in vitro SWW potential as reducer of S. rolfsii and S. sclerotiorum 
development and encourage further trials in greenhouses, once SWW showed potentiality to control S. rolfsii and 
S. sclerotiorum, so it would optimize treatment systems costs.  

5. Conclusion 
We accepted the hypothesis because swine wastewater inhibited mycelial growth of Sclerotinia sclerotiorum and 
Sclerotium rolfsii under in vitro conditions. The present study contributed to the understanding of sustainable 
propagation of residues from pig farming to the preventive handling of soiborn phytopathogens. 

References 
Bailey, K. L., & Lazarovits, G. (2003). Suppressing soil-borne diseases with residue management and organic 

amendments. Soil and Tillage Research, 72(2), 169-180. https://doi.org/10.1016/S0167-1987(03)00086-2 

Bedin, I., Furtini Neto, A. E., Resende, A. V., Faquin, V., Tokura, A. M., & Santos, J. Z. L. (2003). Fertilizantes 
fosfatados e produção da soja em solos com diferentes capacidades tampão de fosfato. Revista Brasileira de 
Ciencia Do Solo, 27(4), 639-646. https://doi.org/10.1590/S0100-06832003000400008 

Bettiol, W., & Morandi, M. A. B. (2009). Controle biológico de plantas no Brasil. Biocontrole de doenças de 
plantas: Usos e perspectivas. FundAg, Embrapa. https://doi.org/10.1007/SpringerReference_34560 

Cabral, J. R., Freitas, P. S. L. de, Rezende, R., Muniz, A. S., & Bertonha, A. (2011). Impacto da água residuária 
de suinocultura no solo e na produção de capim-elefante. Revista Brasileira de Engenharia Agrícola e 
Ambiental, 15(8), 823-831. https://doi.org/10.1590/S1415-43662011000800009 

Conn, K. L., Tenuta, M., & Lazarovits, G. (2005). Liquid swine manure can kill Verticillium dahliae 
microsclerotia in soil by volatile fatty acid, nitrous acid and ammonia toxicity. Phytopathology, 95(1), 28-35. 
https://doi.org/10.1094/PHYTO-95-0028 

Diesel, R., Miranda, C., & Perdomo, C. (2002). Coletânea de tecnologias sobre dejetos suínos (p. 14). EMATER, 
Porto Alegre, RS, Brazil.  

Ducey, T. F., & Hunt, P. G. (2013). Microbial community analysis of swine wastewater anaerobic lagoons by 
next-generation DNA sequencing. Anaerobe, 21, 50-57. https://doi.org/10.1016/j.anaerobe.2013.03.005 

Durigon, M. R. (2012). Fatores da produção de milho em função da adubação orgânica e de Trichoderma spp. 
(Dissertação, Mestrado em Produção Vegetal, Universidade Federal de Santa Maria, Santa Maria, Brazil). 

Edgington, L. V, Khew, K. L., & Barron, G. L. (1971). Fungitoxic spectrum of benzimidazole compounds. 
Phytopathology, 61(1), 42-44. https://doi.org/10.1094/Phyto-61-42 

EMBRAPA (Empresa Braisleira de Pesquisa Agropecuária). (2013). Sistema brasileiro de classificação de solos 
(p. 342). Brasília: EMBRAPA. 

Erthal, V. J. T., Ferreira, P. A., Matos, A. T. de, & Pereira, O. G. (2010). Alterações físicas e químicas de um 
Argissolo pela aplicação de água residuária de bovinocultura. Revista Brasileira de Engenharia Agrícola E 
Ambiental, 14(5), 467-477. https://doi.org/10.1590/S1415-43662010000500003 

Ferreira, D. F. (2011). Sisvar: um sistema computacional de análise estatística. Ciência e Agrotecnologia, 35(6), 
1039-1042. https://doi.org/10.1590/S1413-70542011000600001 

Henning, A. A., Almeida, Á. M. R., Godoy, C. V., Seixas, C. D. S., Yorinori, J. T., Costamilan, L. M., … Dias, W. 
P. (2014). Manual de identificação de doenças de soja (Documentos 256, 5th ed., p. 78). Retrieved from 
http://ainfo.cnptia.embrapa.br/digital/bitstream/item/105942/1/Doc256-OL.pdf 

Hoeltz, M. (2009). Caracterização da contaminação fúngica e por micotoxinas em diferentes fases da cultura do 
amendoim (Arachis hypogaea L.) produzido no Rio Grande do Sul, Brasil (Doutorado em Microbiologia 
Agrícola e do Ambiente, Instituto de Ciências Básicas da Saúde, Universidade Federal do Rio Grande do 
Sul, Porto Alegre, Brazil). 



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 5; 2018 

218 

Howell, C. R. (2003). Mechanisms employed by Trichoderma species in the biological control of plant diseases: 
the history and evolution of current concepts. Plant Disease, 87(1), 04-10. https://doi.org/10.1094/ 
PDIS.2003.87.1.4 

IBGE (Instituto Brasileiro de Geografia e Estatística). (2017). Indicadores IBGE, Estatística da Produção 
Pecuária.  

Janvier, C., Villeneuve, F., Alabouvette, C., Edel-Hermann, V., Mateille, T., & Steinberg, C. (2007). Soil health 
through soil disease suppression: Which strategy from descriptors to indicators? Soil Biology and 
Biochemistry, 39(1), 1-23. https://doi.org/10.1016/j.soilbio.2006.07.001 

Kunz, A., Higarashi, M. M., & Oliveira, P. A. de. (2005). Tecnologias de manejo e tratamento de dejetos de 
suínos estudadas no Brasil. Cadernos de Ciência & Tecnologia, 22(3), 651-665. Retrieved from 
http://seer.sct.embrapa.br/index.php/cct/article/view/8663 

Kunz, A., Steinmetz, R. L. R., Ramme, M. A., & Coldebella, A. (2009). Effect of storage time on swine manure 
solid separation efficiency by screening. Bioresource Technology, 100(5), 1815-1818. https://doi.org/ 
10.1016/j.biortech.2008.09.022 

Leite, R. M. V. B. C. (2005). Ocorrência de doenças causadas por Sclerotinia sclerotiorum em girassol e soja 
(pp. 1-3). Comunicado Técnico: Embrapa Soja, Londrina. 

Maggi, C. F., Freitas, P. S. L. de, Sampaio, S. C., & Dieter, J. (2011). Lixiviação de nutrientes em solo cultivado 
com aplicação de água residuária de suinocultura. Revista Brasileira de Engenharia Agrícola E Ambiental, 
15(44), 170-177. https://doi.org/10.1590/S1415-43662011000200010 

Manteli, C. (2010). Efeito do chorume de suínos e do pH do solo sobre o tombamento de pepino causado por 
Pythium sp. (Dissertação, Mestrado em Produção Vegetal, Universidade Tecnológica Federal do Paraná, 
Paraná, Brazil). 

Michereff, S. J., Andrade, D. E. G. T., Peruch, L. A. M., & Menezes, M. (2005). Importância dos Patógenos e das 
Doenças Radiculares em Solos Tropicais. In S. J. Michereff, D. E. G. T. Andrade, & M. Menezes (Eds.), 
Ecologia e Manejo de Patógenos Radiculares em Solos Tropicais (pp. 1-17). Recife, PE, UFRPE, Imprensa 
Universitária.  

Morales, R., Santos, I., & Danner, M. (2007). Efeito do chorume líquido de suínos na podridão do colo e 
tombamento de plântulas de feijoeiro causadas por Sclerotium rolfsii. Fitopatologia Brasileira, 32(5), 
429-433. https://doi.org/10.1590/S0100-41582007000500010 

Moura, A. C., Sampaio, S. C., Remor, M. B., Silva, A. P., & Pereira, P. A. M. (2016). Long- term effects of swine 
wastewater and mineral fertilizer association on soil microbiota. Journal of the Brazilian Association of 
Agricultural Engineering, 36(2), 318-328. https://doi.org/10.1590/1809-4430-Eng.Agric.v36n2p318-328 
/2016 

Orrico Junior, M. A. P., Orrico, A. C. A., & Lucas Junior, J. de. (2009). Compostagem da fração sólida da água 
residuária de suinocultura. Engenharia Agrícola, 29(3), 483-491. https://doi.org/10.1590/S0100-69162009 
000300015 

Pereira, J. C. R., Zambolim, L., Vale, F. X. R., & Chaves, G. M. (1996). Compostos orgânicos no controle de 
doenças de plantas. Revisão Anual de Patologia de Plantas, 4, 353-79.  

Prior, M., Sampaio, S. C., Nóbrega, L. H. P., Dieter, J., & Costa, M. S. S. de. M. (2015). Estudo da associação de 
água residuária de suinocultura e adubação mineral na cultura do milho e no solo. Engenharia Agrícola, 
35(4), 744-755. https://doi.org/10.1590/1809-4430-Eng.Agric.v35n4p744-755/2015 

Queiroz, F. M. de, Matos, A. T. de, Pereira, O. G., & Oliveira, R. A. de. (2004). Características químicas de solo 
submetido ao tratamento com esterco líquido de suínos e cultivado com gramíneas forrageiras. Ciência 
Rural, 34(5), 1487-1492. https://doi.org/10.1590/S0103-84782004000500024 

Reis, E. M., Casa, R. T., & Bianchin, V. (2011). Controle de doenças de plantas pela rotação de culturas. Summa 
Phytopathologica, 37(3), 85-91. https://doi.org/10.1590/S0100-54052011000300001 

Santos, L. D., Mayerle, S. F., & Campos, L. M. S. (2014). Tecnologias e sistemas de tratamento para os dejetos 
da suinocultura. Revista Verde, 9(5), 12-18.  

Silva, A. C. (2014). Microrganismos e substâncias antimicrobianas presentes em biofertilizantes para o controle 
de Phytophthora nicotianae (Dissertação, Mestrado em Agroecologia e Desenvolvimento Rural, 
Universidade Federal de São Carlos, Araras, Brazil). 



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 5; 2018 

219 

Silva, A. F., Pinto, J. M., França, C. R. R. S., Fernandes, S. C., Gomes, T. C. A., Silva, M. S. L., & Matos, A. N. 
B. (2007). Preparo e uso de biofertilizantes líquidos. Embrapa Semi-Árido: Comunicado Técnico, 130, 1-4. 

Silveira, F. M., Favaretto, N., Dieckow, J., Pauletti, V., Vezzani, F. M., & Silva, E. D. B. (2011). Dejeto líquido 
bovino em plantio direto: Perda de carbono e nitrogênio por escoamento superficial. Revista Brasileira de 
Ciência do Solo, 35(5), 1759-1767. https://doi.org/10.1590/S0100-06832011000500030 

Singh, A., Jain, A., Sarma, B. K., Abhilash, P. C., & Singh, H. B. (2013). Solid waste management of temple 
floral offerings by vermicomposting using Eisenia fetida. Waste Management, 33(5), 1113-1118. 
https://doi.org/10.1016/j.wasman.2013.01.022  

Smanhotto, A., Sousa, A. de P., Sampaio, S. C., Nóbrega, L. H. P., & Prior, M. (2010). Cobre e zinco no material 
percolado e no solo com a aplicação de água residuária de suinocultura em solo cultivado com soja. 
Engenharia Agrícola, 30(2), 346-357. https://doi.org/10.1590/S0100-69162010000200017 

Sousa, F. A., Silva, E. de B., Campos, A. T., Martins Gandini, A. M., Correa, J. M., & Grazziotti, P. H. (2014). 
Microbial activity and production of coffee crops after fertilization with pig slurry. Bioscience Journal, 
30(4), 1041-1049. 

St. Martin, C. C. G., & Brathwaite, R. A. I. (2012). Compost and compost tea: Principles and prospects as 
substrates and soil-borne disease management strategies in soil-less vegetable production. Biological 
Agriculture and Horticulture, 28(1), 1-33. https://doi.org/10.1080/01448765.2012.671516 

Tenuta, M., & Lazarovits, G. (2002). Ammonia and nitrous acid from nitrogenous amendments kill the 
microsclerotia of Verticillium dahliae. Phytopathology, 92(3), 255-264. https://doi.org/10.1094/PHYTO. 
2002.92.3.255 

Zambolim, L., & Ventura, J. A. (1993). Resistência a doenças induzidas pela nutrição mineral de plantas. 
Revisão Anual de Patologia de Plantas (Vol. 1, pp. 275-318). Passo Fundo: RAPP. 

Zheng, C., Bluemling, B., Liu, Y., Mol, A. P. J., & Chen, J. (2014). Managing manure from China’s pigs and 
poultry: The influence of ecological rationality. Ambio, 43(5), 661-672. https://doi.org/10.1007/s13280- 
013-0438-y 

 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


