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Abstract

The management of swine wastewater is of great importance where swine breeding is considerable and can
represent an important fertilizer at maintenance of forages. The objective was to identify the Urochloa brizantha
cultivar more responsive to fertilization with swine wastewater. The experimental design was in randomized
blocks, with a 3 x 5 factorial scheme and four replications. The treatments consisted of three Urochloa brizantha
cultivars (Marandu, Xaraés and Piatd) and five swine wastewater doses (0.0; 3.5; 7.0; 10.5 and 14.0 g dm’ pot™).
The experiment was carried out in a greenhouse in the city of Cuiaba-MT. Three cuts were performed in the
aerial part of the plants with intervals of 30 days between them. The application of the swine wastewater,
regardless of the cultivar provided an increment in the production of dry mass, plant height, number of tillers,
number of leaves and crude protein content, besides reducing the neutral detergent fiber and acid detergent fiber
contents. The swine wastewater can be used as an alternative in the fertilization of Urochloa brizantha, because
the cultivars were responsive to fertilization.
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1. Introduction

Brazil is the world’s fourth largest producer and exporter of swine (USDA, 2018). Swine breeding on country
comes developing rapidly for as recent decades. The animals number increase results in higher production of
swine wastewater, as well as the environmental impacts (Guimaries et al., 2017; Lopes et al., 2014; Yuan et al.,
2018). This activity is considered potentially pollutant because it uses a lot of water in its production process,
generating a large slurry volume (Sousa et al., 2014; Yuan et al., 2018)

The swine wastewater can represent an important fertilizer or potential environmental risk, depending on how
the resource is managed (Boitt et al., 2018; Egewarth et al., 2015). Usually, after passing through the biodigester,
it is stored in ponds or tanks to subsequently be applied in pastures or crops as fertilizer. Environmentally,
requires specific treatments (Cabral et al., 2011; Guimardes et al., 2017), because there is risk of becoming a
pollutant if its use does not respect soil adsorption capacity and the need for crops (Lourenzi et al., 2013; Orrico
Junior et al., 2013).

However, fertilization using the swine wastewater when well-planned can bring benefits (Erthal et al., 2010;
Matos et al., 2017), increasing macro and micronutrients availability in the soil (Angers et al., 2010; Matos et al.,
2017; Tavanti et al., 2017), increasing water and nutrients adsorption by the plants (Galbiatti et al., 2011; Gomes
et al., 2017) and the highest abundance in the soil fauna community (Silva et al., 2014). In the long term, the
swine wastewater even increases the microbial activity and soil organic matter (Morales et al., 2015). The
nitrogen, phosphorus and potassium are among the main nutrients that constitute the swine wastewater, limiting
the forages production and maintenance. Therefore, its use can contribute to animal production to pasture,
increasing the supply of forage in quantity and quality for animals (Boitt et al., 2018; Pandolfo & Veiga, 2016;
Serpa Filho et al., 2013).
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The forage grasses that adapt most to the soil and climate conditions in Brazil, are those of the genus Urochloa
(Machado & Assis, 2010). Among the species of this genus, 85% belongs to Urochloa brizantha is considered
one of the most productive. They are the most used as fodder source in the feeding of the bovine herd in Brazil.
Among the species, Brachiaria brizantha cv. Marandu, Xaraés and Piatd. However, it demands study of the
responses to fertilization with swine wastewater. In this sense, the objective was to identify the cultivar Urochloa
brizantha more responsive to fertilization with swine wastewater.

2. Method
2.1 Location and Experimental Design

The experiment was carried out in a greenhouse located in the city of Cuiaba, MT, Brazil with geographic
coordinates 15°36'31.31" S, 56°3'49.44" W in period of November 2013 to March 2014.

The experimental design was in randomized blocks, with a 3 x 5 factorial scheme, with four replications totaling
60 experimental plots. The treatments consisted of three cultivars of Urochloa brizantha (Marandu, Xaraés and
Piatd) and five levels of swine wastewater 0.0; 3.5; 7.0; 10.5 and 14.0 g dm® pot’l, set to meet 0; 25 50; 75 and
100 mg dm™ of nitrogen.

2.2 Soil Characterization

The experimental unit was defined by a pot with a capacity of 10 dm? of soil. The soil used was Oxisol (Soil
Survey Staff, 2014). The physical-chemical characteristics in the depth from 0 to 20 cm (Parron et al., 2011)
were the following: organic matter: 12.20%; pH in CaCl,: 4.7; K: 23 mg dm™; P (Mehlich™): 0.60 mg dm™; Al:
0.30 cmol, dm™; H+Al: 3.90 cmol, dm™; Ca*": 1.30 cmol, dm>; Mg%: 0.70 cmol, dm; Clay: 540 g kg"; Silt: 91
g kg'; and Sand: 369 g kg™

2.3 Swine Wastewater Characterization

The swine wastewater used proceeded from the swine farming sector of the Federal Institute of Mato Grosso,
Sdo Vicente-MT Campus, from a stabilization pond. The chemical composition consisted of: compostable
organic matter: 15.96%; total carbon: 39.50%; organic carbon: 9.26%; pH in CaCl,: 6.8; total nitrogen: 0.72%;
C/N ratio: 12:1; P: 5.14%; K: 1.15%; Ca: 3.97%; Mg: 0.74%; S: 0.19%; Zn: 1165 mg kg'l; Cu: 382.36 mg kg'l;
Mn: 994.3 mg kg™'; B: 145 mg kg™'; Fe: 2848.27 mg kg™

2.4 Experiment Procedure

The soil was sifted into 4mm mesh and applied limestone Filler (PRNT 99%) to soil acidity correction. At 60
days after lime application, the seedlings transplanting was performed. To the complementary mineral
fertilization of phosphorus (90 mg dm™ of P,Os) and potassium (40 mg dm™ K,0) was used as the source
potassium phosphate. Liming and fertilization were performed according to (Guimarées et al., 1999).

The seeds of the cultivars were placed to germinate in tubes containing substrate. When they were approximately
20 cm high, two plants were transplanted to each pot. The doses of swine wastewater were applied in a single
dose after establishment of forage plants in each plot (pot). Soil moisture was monitored through gravimetric,
maintaining the soil with 70% of the field capacity.

After 30 days of transplanting the first cut of plants aerial part was performed 20 cm soil surface to standardize
the height. At the time of the cut, the treatments were applied with the swine wastewater doses. The other plants
aerial part cuts for evaluations also occurred 20 cm soil surface at 30, 60 and 90 days after standardization.

2.5 Sampling Procedures

The plant material samples collected were weighed to obtain fresh mass, packing them into properly identified
paper bags and taken to dry in a forced air circulation at the temperature of 55 °C until constant weight.

Then the dry material was grinded into a Willey’s mill and properly stored in plastics bags identified for
bromatological composition determination hereafter. The nitrogen concentration was determined by the Kjeldahl
method (Silva & Queiroz, 2006).

2.6 Analyzed Variables

Averages of the three cuts per pot were made for the variables: plant height; number of leaves; number of tillers;
crude protein content, neutral detergent fiber (NDF) and acid (ADF); production of forage per pot in the cuts for
dry mass variable. For the determination of the fibrous fraction, the methods described by Van Soest (1994) were
used, which divides the components of the sample into NDF and FDA.
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2.7 Statistical Analyses

The data were submitted to variance analysis with the results compared by regression analysis of the quantitative
variables and by the Scott-Knott test (P > 0.01) for qualitative variables.

3. Results and Discussion
3.1 Plant Height, Number of Leaves, Number of Tillers, Dry Mass Production, Crude Protein Content

The average data variance analysis of the variables plant height, number of leaves, number of tillers, dry mass
production and crude protein content of the grasses, presented significance of factors isolated in the factor
cultivars (P < 0.05) and swine wastewater doses (P < 0.01), the interaction between factors was not significant.

Among the three cultivars of Urochloa. brizantha, regardless of the levels of swine wastewater, there was a
higher plant height in the Xaraés grass (67.11 cm), being 20.72% and 7.72% higher than Marandu and Piata
grasses, respectively. The dry mass production of Xaraés grass (13.83 g pot™), exceeded the production of Piatd
grass in 17.90% and Marandu grass in 21.30%.

The highest production of dry mass and height of Xaraés grass was also verified in a study carried out by
(Euclides et al., 2008). The plant height of Xaraés grass is explained by the greater stem elongation. Productivity
is due to its morphogenetic and structural characteristics (Lara & Pedreira, 2011).

Table 1. Average plant height, number of leaves and tillers, dry mass production and crude protein content of
three cultivars of U. brizantha

Variables Piata Marandu Xaraés CV (%)
Plant height (cm) 62.30b 55.59¢ 67.11a 5.83
Number of leaves (n° pot™) 24.80 a 2226 a 17.60 b 19.23
Number of tillers (n° pot™) 570 a 5.78 a 4.63b 20.99
Dry mass production (g pot™) 11.73b 11.03 a 13.83 a 15.47
Crude protein content (%) 9.36a 9.64 a 8.87b 9.14

Note. Averages followed by the same letter in line does not differ from each other at a 1% probability level by
the Scott-Knott grouping test.

The lowest number of leaves, tillers and crude protein content was in Xaraés grass. The lowest crude protein
content (8.87%) is explained by the higher height, less leaf production and greater stem elongation of this grass.
In all cultivars, crude protein contents were above 8%, considered the minimum percentage enough for adequate
microbial activity of ruminants (Lazzarini et al., 2009).

Silva et al. (2015) reinforces the importance of the crude protein contents being increased because, if present in
the forage offered to pasture, its reduction can be made via supplement and thus reduce the production costs,
since this is a high-cost item in formulation of supplements for cattle.

In the factor swine wastewater doses the variables plant height, number of leaves, number of tillers and dry mass
production of the grasses, presented a significant increasing linear polynomial model, with the exception of the
crude protein content.

Results with increasing linear behavior were also found by Barnabé et al. (2007) with fertilization of 0; 50; 100
and 150 m® ha™' of swine wastewater in Marandu grass and by Orrico Junior et al. (2012) who studied the effect
of four doses of swine wastewater (0; 100; 200 and 300 kg ha" equivalent N) on the dry mass production of
Piatd grass.

The highest values of plant height, number of leaves and tillers were 70.54, 33.36 and 7.36 in the highest level of
swine wastewater (14 g dm™), with an increment of 25%, 62.53% and 55.95%, respectively, when compared to
treatment without swine wastewater (Figure 1).

The nitrogen provided by the swine wastewater stimulated the forage plant growth, the tillering, the emergence
of new leaves, and, consequently, the expansion of aerial part and root system (Galindo et al., 2018; Serafim &
Galbiatti, 2012), evidencing how much livestock production could be increased with the use of swine wastewater.
Researches with forages plants confirmed that application of swine wastewater, promotes greater plant growth in
relation to the control treatment (Brustolin-Golin et al., 2016; Galindo et al., 2018; Pandolfo & Veiga, 2016).
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The increase in dry mass production (76.12%) and crude protein content (16.53%) occurred at the dose of 14 d
dm™ and 8.84 dm™ of pot respectively, which has as its main source nitrogen, which is important in regrowth of
forage grasses. Galindo et al., (2018); Orrico Junior et al. (2013) observed an increase in crude protein content in
Piatd grass under irrigation and application of swine wastewater, with values of 19.84% when the swine
wastewater doses of 300 m® ha™ were applied. Gomes et al. (2014) verified that the irrigation caused a positive
influence on crude protein content with doses of swine wastewater applied in Piatd grass.

§=520+126x, R?=09 ~%717=125+149x R?=0.93 . §=324+0294x, R%=095
P-value = 0.0146 5 P-value = 0.0084 o P-value = 0.0054
€ 70{CV% =583 QQ- CV % =19.23 8 CV % =20.99 Y
o = 30 ® o
) £30 >
-— (7)) e
6-
=) < Z
[} 3] g
= 2 2 =
€ kS ‘s
= o) o 41
o Qo Qo
g 104 e g Y
Z Z
T T T T T T T T T T 2- T T T T T
0.0 35 70 105 140 0.0 35 70 105 140 0.0 35 70 105 140
~~ A_ 2 _
i y=47+1.07x, R"=0.96 — 11] ¥=823+0.369 x- 0.0208 x2, R*=0.83
8 oo P-value =0.0037 X P-value = 0.1184
o CV % =1547 ® ‘\E/ CV%= 914
c Q 104
S 154 £ 10
= Q
S o °
3 =
2 104 T 91
o N
% L g
e 51 kel
> |® N
o
00 35 70 105 140 00 35 70 105 140

Doses of swine slurry (g dm)

Figure 1. Plant height, number of leaves and tillers, dry mass production and crude protein content of cultivars of
U. brizantha fertilized with swine wastewater

3.2 Neutral Detergent Fiber (NDF) and Acid Detergent Fiber Contents

In the results of variance analysis for the NDF and ADF contents, the factors cultivars and doses of swine
wastewater, as well as the interaction between them (P < 0.01), were significant.

A linear reduction in NDF and ADF levels was observed among the cultivars with the application of swine
wastewater. There was a decrease of 0.36; 0.36 and 0.31% in NDF for each unit increase in g dm™ of swine
wastewater, for the Marandu, Piatd and Xaraés grasses, respectively (Figure 2).

Gomes et al. (2018) verified for Tifton 85 grass fertilized with swine wastewater, which with or without
irrigation presence, the NDF and ADF contents decreased linearly.

In studies by Benett et al. (2008) and Orrico Junior et al. (2014), similar results were found applying swine
wastewater in Piatd and Marandu grasses. According to the authors the reduction is due to the increasing linear
effect of the swine wastewater levels on the number of leaves (Figure 1).

Johnson et al. (2001) worked with five nitrogen levels and three tropical grasses cultivars, observed that the NDF
concentration decreases linearly with the increase in nitrogen fertilization.

Dry mass digestibility (NDF) ranged from 68.70 to 62.65 for the swine wastewater doses and cultivars, close to
the one found by Melo et al. (2016) and Gomes et al. (2017) with Piata grass, 66.8% and 66%, respectively.

The NDF content in forage is an important variable that defines its quality and limits the animal digestive
capacity (Van Soest, 1994). According to the author, the improvement of the nutritive value of forages is linked
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to low levels of NDF (> 65%), which guarantees to ruminal microorganisms better utilization of nutrients in the
diet and consequently better animal performance.
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Figura 2. NDF and FDA contents of aerial part of U. brizantha cultivars under doses of liquid swine wastewater

The ADF contents ranged from 34.41 to 36.30%; 33.31 to 35.25%; for Piata and Marandu grasses. The results
were like those observed by (Orrico Junior et al., 2013) with variation of 31.96% to 36.76% in increasing doses
of N (0; 100; 200 and 300 kg ha™) in Piatd grass. The results obtained are within the ideal range, according to
(Nussio et al., 1998) that in works with forages recommended levels of about 30% of ADF, because levels above
40% can compromise the digestibility of forage.

Fertilization with swine wastewater can contribute to animal production to pasture, because it improved the
productive and qualitative characteristics of the Marandu, Piatd and Xaraés grasses.

4. Conclusions

The swine wastewater can be used as an alternative in the fertilization of Urochloa brizantha providing positive
responses with its application.

The swine wastewater increases production and improves the nutritive value of Marandu, Piatd and Xaraés
grasses.
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