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Abstract
Pig farming is considered one of the activities with the greatest environmental impact due to the erroneous
disposal of swine waste. The present work aimed to produce an organic compost using waste from pig
production and evaluate its chemical characteristic, corn yield under doses of this organic compost and soil
nutritional quality before and after the experiment implementation. The Corn was fertilized at sowing and 30
days after plant germination using organic compost from pig waste at the doses: 0, 2, 3, 4 and 5 t ha-1. The Corn
used was CATIVERDE 02 and were seeded at 1.0 m spacing between rows and 0.40 m between plants, in a total
area of 240 m2. The experimental design was randomized blocks with four replications and five doses of organic
compost. The parameters evaluated for corn were: plant height, stem diameter, weight and corncob length.
Fertilization with swine organic compost increases in soil P, K, Ca, even after the corn harvest. The best
treatment was with a dose of 5 t ha-1, as it resulted in higher plant height (1.85 m) and corn cob weight (261 g).
Keywords: Zea mays L., composting, nutrients, organic fertilization
1. Introduction
The expansion of pig farming in Brazil has the concentration of confined animals in small areas as the main
feature, to meet domestic and international consumption, as a consequence, it increases the production of swine
manure, these that impact the environment (Cardoso, Oyamada, & Silva, 2015).
Pig production is one of the activities with the greatest environmental impact, is considered by environmental
control agencies as potentially causing environmental degradation. Release of untreated swine effluent into soil,
rivers and lakes is a potential risk for the appearance of disease and degradation of natural resources, such as fish
and animal death and plant toxicity (Oliveira, Lima, & Cajazeira, 2004).
The use of materials that are byproducts of agricultural and industrial activities is of great interest, because of its
abundance, of the low cost of acquisition and the very difficult of disposing of these materials in the environment
(Brandão, Matos, Martinez, & Fontes, 2000; Tavera-Cortés, Escamilla-García, & Pérez-Soto, 2018).
Manure is the best known source of organic matter when it comes to organic fertilizers. It is a resource that the
farmer has available that should be optimized (Weinärtner, Aldrighi, & Medeiros, 2006). Swine liquid manure
has 3 to 6% dry matter and can be used as fertilizer, generating greater nutrient cycling for crops. They provide
higher nutrient accumulation, such as P, K, Cu and Zn, when compared to mineral fertilization, and their Cu and
Zn contents present low mobility, reducing the risk of leaching, reducing environmental risks (Scherer, Nesi, &
Massotti, 2010; Lourenzi et al., 2014; Algeri, 2018).
Swine manure can be used for composting liquid manure for its liquid to solid conversion. For the composting of
these wastes there is a need for moisture removal, which in this material is approximately 95%, so the processing
of swine manure composting differs from the conventional composting process. The evaporation process should
be privileged in order to incorporate a large volume of waste into the substrate (Kunz, Higarashi, & Oliveira,
2005). It is noteworthy that the production system used in the farms defines the degree of manure dilution, thus
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changing tthe physicocheemical charactteristics of the fertilizer (Schherer, & Baldisssera, 1994; Daartora, Perdom
mo, &
Tumelero, 1998).
Among thhe advantages of using com
mpost: rapid m
microbial actioon on organicc matter; reduuction of odorrs by
fermentation that makess the compouund stable; elim
mination of ppathogenic orgganisms; flexibbility of opera
ation;
non-contam
mination of grround and surfface water; moodification of thhe physical prresentation of sswine manure from
liquid to ssolid, favoringg its storage aand transport. Thus, it repreesents a viablee alternative foor the treatment of
swine mannure, enabling the reductionn of the environnmental impacct of the activvity (Pra, Correea, Roll, & Xa
avier,
2008).
m is 50% low
wer in
Efficiencyy in the supplyy of N throughh swine beddinng for corn unnder no-tillagee system system
relation too the use of liiquid swine m
manure (DSL), however, theere are no studdies available on the agronomic
efficiency of the DSL biofertilizer treaated by digestioon and compossed of swine m
manure, treatedd by compostin
ng, in
Brazil (Giaacomini & Aitta, 2008; Gravee, Cassol, Nicooloso, Sordi, & Costa, 2016)).
We chose maize crop to
t test the effiiciency of thee organic comp
mpost from swiine waste for its socioecon
nomic
importancee. Besides thee economic im
mportance of ccorn grains andd seeds, the ccorn plant can be used for silage
s
productionn. In addition, the straw, coob, whole cob and ends of tthe cob can bbe crushed andd supplied fresh or
ensiled, beeing a high-quality roughagee, minimizing feed expenses (Costa, 2005;; Castro Filho, Barbosa, Oliv
veira,
Bagaldo, & Gastal, 20007). Our objecctive was to evvaluate the prroductivity andd quality of coorn under diffferent
doses of sw
wine manure organic
o
compoost.
4. Method
d
4.1 Experiiment Locationn
The experriment was im
mplemented at the Experimenntal Farm of tthe Federal Unniversity of A
Amazonas, Man
naus,
Brazil. Thhe average annnual temperatuure, rainfall aand humidity are 25 to 28 °C, 2,100 mm
m and 84 to 90%,
respectivelly (Ribeiro et al., 1999). Meeteorological ddata were obtaained from meteorological sttation 82331 of
o the
National Innstitute of Meeteorology (Inm
met) in the statte of Amazonaas, from Februuary to May, w
with average values
for maxim
mum temperatuure, minimum temperature aand total precipitation equaal to 32 °C, 255 °C and 335 mm,
respectivelly.
4.2 Organic Compost Prroduction
mposting produuction, liquid m
manure and saawdust were w
weighed on an analytical balance.
In the firstt phase of com
Accordingg to Lazia (20012) for each 1 kg of sawddust, 10 (L) of pig manure is used, thereefore, the need for
sawdust annd manure wass calculated acccording to thee treatment dosses. The sawduust was arrangged in a bed forrmat,
with an arrea of 2 × 1 meters,
m
in a staall. In order to obtain better incorporation of the waste iin the sawdustt, the
applicationn of the waste was carried ouut in installmennts, in 4 appliccations, separaated by 15 days, with the material
being rotatted every two days with a hhoe, aiming at the homogeniization of the m
material (Pra eet al., 2008). Water
W
was addedd when the matterial had a dryy appearance.

Figuree 1. Sawdust ussed (A); Phasee one of organiic compost prooduction (B); P
Phase two of orrganic composst
prooduction (C)
Phase twoo composting lasted 50 days to stabilize thhe waste to maake compost suuitable for usee in planting. In the
end, the orrganic composst was stored inn fiber bags annd the chemicaal analysis wass made by the Soil Laborato
ory of
the Federaal University of Amazonas frrom randomly collected 200 g samples, prooperly packageed and identified.
4.3 Preparration of Experrimental Area ffor Corn Cultiivation, Fertiliization and Plaanting
Relative P
Power of Total Neutralizationn = 91% limesttone was appliied at a dose of 2.62 t ha-1 att experimental area.
After 30 ddays harrowingg and sowing w
were performedd. The doses oof organic com
mpost (0, 200, 3300, 400, 500 g m-1
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equivalent to 0, 2, 3, 4 and 5 t ha-1) were applied manually at the time of planting. Corn seeds of the cultivar
CATIVERDE 02, 2017/2018 crop, minimum purity of 98% and minimum germination of 85%, of SELEGRÃOS
brand were used.
Two seeds were sown in the soil at a depth of 5 cm with a spacing of 1.0 m between rows and 0.40 m between
plants. Thinning was performed, leaving only the most vigorous plant. The border lines were planted between
the useful lines for evaluation, obtaining an area of 16 × 15 m2, totaling 200 plants. The coverage fertilization
was performed using the same doses 30 days after germination.
4.4 Conducting the Experiment and Harvesting
The development of the plants was observed and registered until the moment of the harvest. Weeding was done
when necessary. The green corn was harvested when the grains were in a pasty state, the point of harvest varies
according to climatic conditions (Pereira Filho, 2002). All corn cobs of the useful line were collected, identified
and packed in a plastic bag for further evaluation.
The following parameters were evaluated: plant height (measured from the ground level, the insertion of the last
leaf), stem diameter (obtained at the first internode at the base of the plant), corn cob weight and length.
4.5 Soil Analysis Before and After the Experiment
The chemical analysis of the soil before and at the end of the experiment was carried out by the Soil Laboratory
of the Federal University of Amazonas. Twenty samples were collected at different points throughout the
experimental area, in the 0-20 cm layer, with the aid of a hoe, the 20 samples were homogenized with the aid of
a plastic bucket, and 200 grams of the total sample was packed and properly identified to be sent to the
laboratory (Arruda, Moreira, & Pereira, 2014).
4.6 Statistical Analysis
The data were submitted to the F test for variance analysis and regression analysis by SISVAR software. Later,
graphs were generated in the Excel program (Ferreira, 2014).
3. Results
The chemical characteristics of the organic compost of swine manure were obtained from the same methodology
as the soil analysis (Table 1).
Table 1. Chemical characteristics of organic swine manure
MO

pH

33.5

6

P
K
------------ mg dm-3 ----------427
1130

Ca
Mg
---------- cmolc dm-3 ---------7
5

Note. MO = Organic Matter; P = Fósforo; K = Potássio; Ca = Cálcio; Mg = Magnésio.
We evaluated the characteristics of plant height, stem diameter, weight and corn cob length. The doses of organic
compost from swine manure affected all parameters except stem diameter that did not present statistical
difference (Table 2).
Table 2. ANOVA for the effect of doses of swine manure organic compost in the average of the stem diameter
Source

DF

SS

MS

F test

P value

Treatments
Blocks
Error
Total corrected

4
3
12
19

65.45812
62.92848
64.44972
192.83632

16.36453
20.97616
5.37081

3.047
3.906

0.06
0.037

Note. DF = Degrees of freedom; SS = Sum of squares; MS = Mean square.
The height of the corn plants presented significant difference as a function of the application of doses of organic
compost of swine, presenting as the best treatment the T5-500 g m-1 or 5 t ha-1 (Figure 2).
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Figuure 2. Linear reegression graph of the heightt parameter off maize plants
under doses of sw
wine waste com
mpost organic
with the appliication of dose
es of
The weighht and corncoob length paraameters presennted significannt difference w
organic coompost of swiine, presentingg higher valuees in treatmennt T5 (5 t ha-1) and T2 (2 t ha-1), respecttively
(Figures 3 and 4).

nic
Figure 33. Linear regreession graph off corn cob weigght parameter under doses of swine waste compost organ

Figure 44. Linear regreession graph off corn cob lenggth parameter uunder doses off swine waste compost organ
nic
er the
The levelss of Phosphoruus, Potassium, Calcium, besides the pH annd effective CTC values, weere higher afte
experimennt implementattion (Tables 3 aand 4).
Table 3. Sooil chemical chharacteristics oof the total areea before experrimenting withh implementatiion
Depthh
cm
0-20

p
pH
4
4.5

P
K
Ca
Mg
H + Al
TEB
B
ECEC
BS
-3
-3
---- mgg dm ---- -------------------------- cmolc dm -------------------------- %
17
46
2.6
1.4
5.22
4.122
4.42
44.2

Note. TEB
B = Total Exchaangeable Basees; ECEC = Eff
ffective Cations Exchange Caapacity; BS = Base Saturatio
on.
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Table 4. Soil chemical characteristics of the total area after the implementation experiment
Depth

pH

0-20

P

K

Ca

Mg

H + Al

TEB

ECEC

BS %

---- mg dm-3 ---- ------------------------ cmolc dm-3 ------------------------

cm
5.3

27

66

3.2

1.3

3.08

4.75

4.75

60.66

Note. TEB = Total Exchangeable Bases; ECEC = Effective Cations Exchange Capacity; BS = Base Saturation.
4. Discussion
According to Cardoso et al. (2015) swine manure is responsible for environmental problems, the main one being
groundwater contamination. Among the alternatives adopted in Brazil for the treatments of these wastes are the
composting of solid swine waste and the liquid biofertilizer of swine, the latter being the most common.
Composting is a technique used on a small scale but gradually growing. There are no studies in the literature
related to organic fertilization with solid swine manure on crop yield. Thus, for discussion purposes, works with
swine liquid biofertilizer will be approached.
The chemical characteristics of the organic compost of swine manure differed from those found by Seidel et al.
(2010), these found higher values in pig liquid fertilizer: N = 37.91; P = 14.81; K = 19.32; Ca = 66.42 g dm-3.
Considering that for the production of organic fertilizer the methodology of Pra et al. (2008) was used to obtain a
solid compost, losses of these nutrients may have occurred, however, the composition of the manure may vary
due to factors such as race, feeding and age of animals (Weinärtner et al., 2006).
The stem diameter was not influenced by the different fertilizer doses (Table 2). The same result was found by
Castoldi, M. Costa, L. Costa, Pivetta, and Steiner (2011), who evaluated different types of fertilizer, mineral,
organic and organomineral in corn plants. Organic fertilization consisted of porcine biofertilizer at a dose of 25
m3 ha-1, and showed no statistical difference.
The stem diameter can be changed according to the plant density in the field. Calonego, Poleto, Domingues, and
Tiritan (2011) reported in their maize plant research that the largest number of plants per hectare (75,000 plants
ha-1) promoted the highest plant growth in height, but the values stem diameter were reduced, presenting an
average of 6.9 cm. In the present work, 25,000 plants ha-1 were obtained, that is, a smaller number of plants per
hectare, however the stem diameter values did not present significant results, presenting a lower average (2.32
cm). Fornasieri Filho (2007) mentions that, according to the cultivar used, it may undergo physiological and
morphological changes in the plants, causing an increase in bedridden and broken plants, resulting in low grain
yield. Thus, as the same spacing and the same cultivar were used throughout this experiment, the absence of
statistical difference between treatments for the stem diameter parameter is justified.
The highest dose tested (500 g m-1 or 5 t ha-1) resulted in a higher average plant height (Figure 2). This result
corroborates the research by Souza, Brito, Fonseca, & Bebé (2016), in which the height of maize plants was also
influenced by the increase of swine liquid fertilizer doses. However, by using the liquid form of manure, the
present N is in mineral form, available for the development of most crops (Serafim & Galbiatti, 2012), while in
the solid fraction N is part of the organic compounds and becomes if available to plants when undergoing the
mineralization process (Pra, Kozen, Oliveira, & Moraes, 2005). According to Silva and Queiroz (2002), plant
height and dry matter production are correlated, becoming an important parameter in crop evaluation.
Cesarino (2006) evaluated five treatments, one chemical and one swine residual liquid (DSL), for the planting of
two corn silage hybrids, consisting of the following treatments: T1 = control, T2 = cover chemical fertilizer, T3 =
50 DSL m3 ha-1, T4 = 100 DSL m3 ha-1, T5 = 150 DSL m3.ha-1. The results for plant height were significant for
chemical fertilization and DSL fertilization, with height values between 1.98 and 2.10 meters, while in the
present study the height values were lower, between 1.67 and 1.84 meters, possibly due to the maize cultivar
used.
Since the spacing used was the same for all treatments, there was probably an increase in N supply with
increasing dose of swine manure compost resulting in height increase, as this nutrient plays a role in vegetative
growth (Malavolta, 2006).
Nitrogen stands out in relation to the nutrients required by corn, besides being absorbed in greater quantity is
also the most limiting. It has structural function, being part of molecules of organic compounds and acts as
activator of many enzymes, also participates in processes such as protein synthesis, ionic absorption,
photosynthesis, respiration, multiplication and cell differentiation that stimulate the rapid growth of plants and
other characteristics directly or indirectly affecting crop productivity. Thus, proper management of N sources and
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doses will influence crop response to fertilization (Marschner, 1995; Malavolta, 2006; Okumura, Mariano, &
Zaccheo, 2011).
The corn cob weight and length parameters presented higher values in treatment T5 (5 t ha-1) and T2 (2 t ha-1),
respectively (Figures 3 and 4). Differing from the research by Castro and Coelho (2014), they found that the use
of organic fertilizer containing star grass, swine manure and shavings in doses of 2.2, 3.2, 4.34 and 5.4 t ha -1 did
not influence the weight and length of corn cobs.
Nakano Neto and Melo (2010) evaluated maize under different sources of fertilization, including 7.5 t ha-1 of
swine bed overlapping, where the present study diverges with the results found by them, since there was no
significant difference for the corn cob weight, even when compared to chemical fertilization.
Differences in the results of research on liquid biofertilizer and organic swine manure compost can be explained
by different manure compositions. Because it varies according to the rearing system employed, the type of
feeding, age of the animals and the amount of water in the composition of the manure. One of the factors
responsible for the low concentration of nutrients is the large dilution of manure in water, caused by the high
amount used in the sanitation of facilities (Oliveira, 1993, 2004).
The increase in the weight and length of the corn cobs as a function of the increase of the doses in the swine
manure treatments may be a result of the potassium and phosphorus contents present in the fertilizer. The
number of ovules in the corn cob and its size are influenced by the environment and can be reduced in case of
deficiencies in the amount of water and nutrients (N, P, K, Ca and Mg) to meet plant requirements (Magalhães &
Durães, 2006).
According to Coelho (2006) the highest demand for maize in relation to nutrients is nitrogen and potassium,
followed by calcium, magnesium and phosphorus and the export of these nutrients to grains is respectively: 70 to
77%, 26 to 43%, 3 to 7%, 47 to 69% and 77 to 86%. Fertilizers are recommended from soil analysis. Doses to be
applied were defined in the present work, and the amounts of potassium, calcium, magnesium and phosphorus of
the organic compost of swine manure were respectively: 1,130 mg dm-3, 7 cmol dm-3, 5 cmol dm-3e 427 mg dm-3,
the nitrogen value was not expressed because the methodology used for compost analysis was the same
methodology for soils.
The main function of phosphorus (P) in the plant is to store and transfer energy. It acts in photosynthesis,
respiration and various other processes; accelerates root formation, increases grassy tillering along with N,
results in greater flowering, and consequently higher grain yield. Its deficiency causes small and unproductive
plants. Due to its high retention capacity, although a smaller amount of this nutrient is required, a large
application to the soil is required (Instituto Potassa & Phosfato, 1988; Coelho & Alves, 2004; Malavolta, 2006).
Potassium (K) is essential for maize production and is absorbed by the plant in larger quantities after N. An
average of 30% of absorbed K is exported to grains, making production dependent on the use of fertilizers that
are a source of this nutrient (Coelho, 2005; Silva & Hermann, 2013).
The use of swine manure for crop fertilization can contribute to the increase of organic matter and soil fertility
level, causing the corn productivity increase, since these residues are rich in nutrients (nitrogen, phosphorus,
potassium, copper, sodium, among others) and may be used as an alternative fertilizer to chemical fertilizer
(Cavallet al., 2006; Menezes, Berti, Vieira Junior, Ribeiro, & Berti, 2018).
Comparing the characteristic tables before and after the implementation of the experiment, it is possible to
observe that after the experiment the pH and the effective CTC presented high values (Tables 3 and 4), due to the
application of limestone, where it is responsible for the pH change (increases the value), neutralization of iron
and exchangeable aluminum, modifications of the effective cation exchange capacity, among others (Malavolta,
1981).
The higher levels of Phosphorus, Potassium, and Calcium after the experiment implementation (Tables 3 and 4)
can be explained due to the chemical characteristics of the organic fertilizer applied to the soil. According to
Santos and Camargo (1999), the use of liquid swine manure in the soil increases the availability of all nutrients
to plants and alters cation exchange capacity.
Thus, fertilization with organic compost of solid swine manure satisfactorily interfered with desirable
characteristics in green corn production. As this was a pioneer work with solid organic compost of waste of
swine, it was worked with initial doses, being recommended the study with doses higher than 5 t ha-1, allowing
to obtain an estimate of the doses of maximum production and maximum economic efficiency. Because
fertilization with swine waste is an alternative to chemical fertilization, which results in a reduction of
environmental pollutants and a reduction in the dependence on external inputs for the farmer.
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4. Conclusion
Fertilization with organic compost of solid swine waste up to 5 t ha-1 does not affect the stem diameter of corn
plants. The 200 g m-1 (2 t ha-1) dose provided the longest corn cob length. However, the highest dose (500 g m-1
or 5 t ha-1) increased the height of green corn plants and the weight of corn cob.
Fertilization with swine organic compost increases in soil P, K, Ca, even after the corn harvest.
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