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ABSTRACT: Poultry and pork farming are typical activities of small farms in southern Brazil. This production
plays an important social and economic role in many of these areas as it is often the main income source. The swine
compost has emerged as an alternative to reduce the volume of swine wastewater, which is transformed into a residue that
can be easily transported and applied with less environment prejudice. However, there is no information in literature
regarding the use of this compound as a source of nitrogen in grain crops. Therefore, the aim of this study was to evaluate
poultry litter and swine compost as organic sources of nitrogen for the millet crop. The experiment was conducted in the
years of 2013 and 2014 in southern Brazil, in no-tillage systems in a Hapludox soil. The treatments were: control (without
nitrogen); poultry litter (PL), swine compost (SC) and mineral fertilization (NPK). The use of poultry litter resulted in
better averages for almost all evaluated variables. Although the swine compost did not express results as good as the crop
treated with poultry litter, the crop in which the swine compound was applied presented better results for some plant
parameters than the chemical fertilizer treatment, which shows that these two residues can be viable alternatives for

nitrogen fertilization in millet cultivations.

KEYWORDS: Organic residues. Mineral nutrition. Production components. Grain yield.

INTRODUCTION

Millet (Panicum miliaceum L.) is one of the
oldest cultivated plants in the world, along with
other grains such as wheat and barley (LU et al.
2009). This grain has been used in mixtures for
feeding birds and currently it is also used as human
food in developing countries (SARUHAN et al.,
2011). Millet crops are known for their tolerance to
drought and the low water volume needed for their
development (HEMADI et al., 2011, ACKO et al.,
2012).

Compared to other traditional crops such as
soybeans and corn, millet (Panicum miliaceum L.)
is a lesser-known culture and studies regarding this
crop are still uncommon. In the state of Rio Grande
do Sul, Brazil, millet has drawn the growers
attention, as an alternative to crop rotation with
wheat crops during fall/winter due to its short cycle,
allowing the soybean seeding period with in the
culture’s recommended cycle (BASSO et al., 2015).

In southern Brazil, poultry and swine
farming are two important activities that are
generally seen on small farms. Among these
activities, the swine production concerns most the
environmental entities due to the intense production

and the generation of a large waste volume in small
production units, sometimes in limited areas.
Therefore, swine compost emerges as a good
alternative to increase the number of animals in the
production unit without needing a large area to
residue accumulation.

In the process of composting, the swine
slurry is pumped from the reservoir to a covered
place where it is mixed withsawdust substrate,
which due to its high absorption capacity, reduces
significantly the pig slurry volume (BARRENA et
al., 2001) as well as the number of pathogenic
microorganisms, presenting high agronomic value
(BUSTAMANTE et al., 2013).

The use of poultry litter (BOLAN et al.
2010; MUSA et al. 2012) and swine slurry
(CERETTA ET AL. 2005; SANCHEZ;
GONZALEZ 2005; SEIDEL et al. 2010, PINTO et
al. 2014) as a source of nitrogen in major grain
crops such as corn and wheat is already well
documented in the literature. Due to the high
nitrogen content in swine manure and the high
demand of N by grasses, these plants presents, in
most cases, linear and positive responses to the
manure application (LYIMO et al., 2012).
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In both the poultry littler and the swine
compost, most of the N present is in organic form so
it may not be available to the plants during the
growing periods (CREW; PEOPLES, 2005;
HARTZ; JOHNSTONE, 2006), fact that is observed
mainly in short cycle crops, such as millet. The
assumption of this study is that millet responds
positively to application of organic compost as a
nitrogen source. Therefore, the aim of this study was
to evaluate poultry litter and swine compost as
organic sources of nitrogen for millet.

MATERIAL AND METHODS

This study was conducted in 2013 and 2014
in the experimental area of the Federal University of
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Santa Maria, Frederico Westphalen campus at the
Northwest region of Rio Grande do Sul, southern
Brazil. The geographic coordinates of the area are
27°23 'S and 53 25 'W at an altitude of 566 meters.
The climate is a subtropical humid (CFA) according
to Koppen’s classification (MORENO 1961). The
meteorological data for maximum and minimum air
temperatures and daily precipitation were collected
by an automatic weather station located at a distance
of 1200 m from the experimental area. The
meteorological data was recorded electronically at 1
minute intervals and the values have been integrated
into daily data (Figure 1).
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Figure 1. Average daily temperatures and daily rainfall during the experiment conduction. The rainfall data
was obtained from a meteorological station in Frederico Westphalen, RS, Brazil.

The soil is classified as a typical sandy clay
loam soil (EMBRAPA 2013) with a clay texture and
the area was cultivated under a no-tillage system for
more than 10 years, with soybean and corn crops in
the summer and wheat and oat during winter. The
experiment was conducted in one area in 2013 and
in another area (next to the first one) during the
2014 crop year, aiming to avoid residual and
cumulative manure effects in the soil.

During the experiment implementation, soil
samples were collected in the layer from 0.00 to
020 m in both years, with the following
characteristics: pH in H,O (1:1) 4.6; SMP index 5.1;
clay 650 g kg''; organic matter 2.7 g kg™'; P-mehlich
7.2 mg dm”; potassium 137 mg dm™; calcium 2.1
cmol.dm™; magnesium 1.2 cmol.dm™; H+Al 8.0
cmol.dm™; Al 2.1 ecmol.dm™; CTC 11.6 cmol.dm™;
and CEC bases and Al of 31.3 and 36.5%,
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respectively. Area 2 (year of 2014): pH in H,O (1:1)
5.0, SMP index 5.4, clay 678 g kg, organic matter
3.0 g kg, P-mehlich 6.9 mg dm™, potassium 219
mg dm”, calcium 3.1 cmol.dm™, magnesium 2.4
cmol.dm™, H+Al 6.1 cmol.dm?, Al 0.5 cmol.dm™,
CEC 12.2 cmolcdm’S, and CTC bases and Al of 49.8
and 7.6%, respectively. Six months before the
experiment, the soil pH was corrected with the
application of lime in order to raise the pH to 6.0
following the recommendations of Soil Chemistry
and Fertility Commission - CQFS-RS/SC - 2004).
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During both years, the experiment was
conducted in a randomized block design with four
replications, where each plot had 4.0 x 3.6 m with
total area of 14.4 m2.The following treatments were
studied: control (no fertilizer), poultry litter (PL),
swine compound (SC), and mineral fertilization
(MF). The application of PL and SC was carried out
manually, immediately after the seeding process
during both years, in order to supply the crop's
nitrogen demand. Some characteristics of the two
residues are shown in Table 1.

Table 1. Chemical characteristics of the organic carbon source (C), nitrogen (N), phosphorus (P), potassium
(K), calcium (Ca) and magnesium (Mg), applied through the millet cultivation with poultry litter
and swine compost treatments. Frederico Westphalen, RS. 2015.

) ) C N P K Ca Mg pH
Organic residues oke !
Poultry litter 29.8 2.94 0.40 2.47 1.78 0.56 7.7
Swine compound 19.9 3.48 1.47 3.46 3.68 1.35 6.8

The mineral fertilizer N was manually
applied on soil surface during the seeding stage, as
urea. The N amount for millet was calculated
following the CQFS-RS/CS (2004)
recommendations, and based on soil analysis. The
crops under SC and PL treatment received P,Os
supplements in the form of a single superphosphate,
and K,O in the form of potassium chloride to
balance these nutrients amounts applied in the
treatment with mineral fertilizer.

The experiment was conducted under a no-
tillage system on the remnants of a soybean
cultivation (Glycine max), which remained in fallow
for about three months. For the experimental setup,
the area was desiccated with glyphosate (3.5 1 ha™)
and the millet seeding was performed manually on
09/14/2013 and 08/22/2014, using the cultivar AL
Tibagi, spaced 0.45 m between rows and with 120
seeds per meter. The emergence occurred about 10
days after seeding for both years, with a cycle time
of 87 and 93 days during the 2013 and 2014 crop
years, respectively.

The following analyses were performed for
millet: Dry matter: the full blooming area of 0.25
m°was sampled and dried at a temperature of
65°Cuntil constant weight; Plant height: measured
from the ground surface to the top of the main stem
panicle, performed in 10 random plants within each
plot area using the average of the evaluation; Stem
diameter: determined above the first internode using
a digital caliper; Panicle length: obtained by
averaging the distance between the insertion of the
first branch of the rachis and the upper end of the
panicles in 10 random plants within the useful area

of each plot; Number of grains per panicle: obtained
by counting the number of grains in three panicles
randomly harvested in each parcel area; Thousand
grain mass: sampling randomly and weighing five
samples of 1000 seeds of each crop, correcting the
values to 13% of moisture; Grain yield: evaluated
by manual harvesting of the four central lines,
discarding 0.3 m from each end with a total area of
2.7 m’. The seeding was performed with a trailed
equipment and the grain weight corrected to 13% of
moisture.

The results were submitted to variance
analysis and when variables showed significance,
the means were compared by a Tukey’s test at 1.0
and 5.0% of error probability. For these analyses,
the Statistical Analysis System - SAS 8.0 software
(SAS Inc, Cary, USA) was used.

RESULTS AND DISCUSSION

There was no difference regarding the dry
matter production of millet in 2013 according to the
use of different nitrogen sources, but the use of
poultry litter (5424 kg ha') resulted in a better
performance when compared to control (without N
application), with an increase of 1429 kg ha™, or
35.7% (Table 2).For the 2014 crop year, the highest
production of millet’s dry matter was observed with
poultry litter treatment (3918 kg ha™'), presenting an
increase of 1908 kg ha'when compared to control
treatment; in other words, an increase of 94.8%, but
with no significant differences between the
evaluated nutrients sources.
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Table 2. Shoot dry matter production and nitrogen accumulation in millet according to the use of different
nitrogen sources. Frederico Westphalen - RS. 2015.

Year

Treatments 2013 2014

Dry matter N accumulation Dry matter N accumulation

(kg ha") (kg ha) (kg ha) (kg ha")

Control (no N) 3995 a’ 110.86 b 2010 b 60.03 b
Poultry littler 5424 156.89 a 3918 a 102.09
Swine compost 4406  ab 120.08 ab 3319 a 87.15 ab
Chemical fertilizer 4605  ab 118.00 ab 3535 a 83.28 ab
CV-% 11.98 11.23 13.7

*Means followed by the same letter do not differ by Tukeys test at 5% of probability.

When compared to chemical fertilizers,
even with no significant difference, the poultry litter
increased the millet dry matter production for the
years 2013 and 2014 by 17.7%and 10.8%,
respectively. By studying different sources of
nitrogen in the cut-off frequency in millet’s forage
quality, Mohammed et al. (2015) also observed
superiority with the use of poultry litter by 23%,
compared to the use of chemical fertilization. A
slower and gradual mineralization with higher
nitrogen release regarding the demands of the crop
may explain the difference between poultry litter in
relation to chemical fertilizer. According to Sistani
et al. (2008), this improved response to the poultry
litter may also be associated with rapid
mineralization where their study observed a
mineralization of 62% of the total organic N over a
90 days period.

For the two years of experiment, although
the treatments did not lead to significantly different
results, the use of chemical fertilizer presented
better results than the use of swine compost. This
fact are not in accordance to the observed by
Giacomini & Aita (2008), which when evaluating
swine slurry, poultry litter and urea in corn crops,
observed that poultry litter’s presented a lower
immediate effect as a source of N when compared to
swine slurry and urea. The apparent recovery of N
for corn from poultry litter and swine slurry in the
experiment of these authors was 10.9 and 22.1%,
respectively. For the poultry litter, it was observed a
decrease of the ammonia based nitrogen and, on the
other hand, an increase of N in the nitrate form, as
observed by Sistani et al. (2008). Azeez & Averbeke
(2010), observed a rapid mineralization of organic N
by soil microorganisms; the N in ammonia form is a
result of this process of the nitrification in the soil,
which was also observed by Aita et al. (2013) in

their study. Agehara & Warncke (2005) observed
that during the incubation process for poultry litter
in two distinct phases, a fast mineralization of
organic N occurred in the first two weeks, followed
by a slow phase with lower increased rate. This
rapid mineralization of the poultry litter in the initial
phase of millet development is important due to the
fact that many plant and productivity parameters are
defined in the initial phase of a crop development.

The accumulation of N in the aerial parts of
millet for the two-year study was higher in the
treatment with poultry litter when compared to
control (without N), but there was no significant
difference among the nitrogen sources (Table
2).Comparing to the control, the poultry litter
increased the N accumulation in the millet aerial
part by 41.5% and 70.1% during 2013 and 2014,
respectively. The use of swine compost and
chemical fertilization resulted in no statistic
difference from the control. The highest N
accumulation in millet shoot with application of
poultry litter can be associated with the fact that
most part of the organic N from these residues
suffer gradual mineralization, releasing during the
crop cycle, in accordance to Giacomini et al. (2013),
when studying the N recovery from corn and beans,
with the application of swine farming residue.
Evaluating the swine composting and fresh swine
manure on N accumulation in corn, Loecke et al.
(2012) observed a higher accumulation during two
years of study with the compost application, even
when the N availability in the plant need was not
been well elucidated.

For plant height (Table 3), regardless the
year of cultivation, poultry litter increased plant
height as compared to control but with no
differences according to the N source, similar to the
pattern observed for dry matter contents. According
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to Ayub et al. (2009), this variable may be the main
factor related to the increase in dry matter
production. Comparing the treatment without N
addition, during 2013 and 2014anincrease of 9.0 and
11.0 cm were observed with the use of poultry litter,
regarding the plant height variable. In 2014, no
significant differences in plant height among the
different N sources were observed, being all of them
higher than the control.

The increase in plant height with the
application of N sources was expected due to the
higher supply of N. Soratto et al. (2007) observed
that regardless of the time of N application, this
practice increased the plant height, and this relation
was linear with N application during 14 days after
emergence (tillering) and quadratic for 28 days after
emergence. Evaluating the time and dose of N
application in the millet, Basso et al. (2015)
observed an increase in plant height with increasing
N doses and with the application of 30% of the
recommended N amount at seeding, being the
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remaining amount applied on soil surface.
Evaluating different organic residues to supply the
nutrients in the barley crop, Ofosu & Leitch (2009)
also observed a higher plant height with the use of
organic residue.

Regarding the stem diameter (Table 3),
millet responded significantly to nitrogen
application when compared to control (without N),
but there was no response according to the evaluated
N sources during the two studied crop years. This
positive response in stem diameter with application
of N, regardless the source, are in accordance to the
results observed by other authors (MENALLED et
al., 2005; SORATTO et al, 2010).

There was no significant difference among the
treatments for a thousand millet seeds during the
evaluated years, although it is possible to observe a
trend to present higher values in the treatments
involving the application of organic residue (Table
4).

Table 3. Plant height and stem diameter of millet under different nitrogen sources for the 2013 and 2014 crop

years. Frederico Westphalen-RS. 2015.

Year

Treatments 2013 2014

Plant height Stem diameter Plant height Stem

(cm) (mm) (cm) diameter(mm)

Control (without N) 164 b 369 B 81 b 320 b
Poultry litter 173 452 A 111 a 450 a
Swine compost 167  ab 445 A 9% a 442 a
Chemical fertilizer 166 ab 437 a 101 a 420 a
CV-% 2.01 6.58 9.14 7.71

"Means followed by the same letter are not different according to Tukey’s test at 5% of probability.

Table 4. Thousand seeds weight and yield (Y) of millet grains submitted to different nitrogen sources.

Frederico Westphalen - RS. 2015.

Year
Treatments 2013 2014
Thousand seeds Grain yield Thousand grains Grain yield
weight(g) (Kg ha™) weight(g) (Kgha')
Control 3.62 3 2386 ¢ 2.79 a 1364 b
Poultry litter 446 a 4528 a 388 a 2954 a
Swine compost 424 5 3902 b 381 a 1956 b
Chemical fertilizer 3.64 3 2921 ¢ 371 a 1843 b
CV - % 12.74 7.29 15.90 18.47

*Means followed by the same letter are not different according to Tukey’s test at 5% of probability.

Biosci. J., Uberlandia, v. 33, n. 2, p. 288-296, Mar./Apr. 2017



Poultry litter and swine compost...

For grain yield during the two studied years,
a higher yield was observed with application of
poultry litter of 4528 and 2954 kg ha™', for the years
of 2013 and 2014, respectively. This yield
represents an increase of 89.7% and 116.4% for
2013 and 2014, respectively, when compared to
control (no N). The use of this residue as N source
for millet and compared to the chemical fertilization
resulted in an increase in millet grain yield with the
use of poultry litter of 1607 kg ha™ (55.0%) and
1110 kg ha™ (60.3%), respectively, for the years of
2013 and 2014.The same trend of an increase in
grain yield was observed with the use of the swine
compost, showing that these two residues can
completely replace the nitrogen fertilization in
millet cultivations, being also important due to the
cycling of this nutrient during the unit production.

By studying the relation of swine compost
and grain yield of some crops such as corn (Loecke
et al., 2004; Lymo et al. 2012) and wheat
(Muhammad et al. 2008), the cited authors also
observed an increase in grain yield. For these
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authors, a slow and gradual release of N may be the
reason for this increased yield with the use of
residues, which may also be associated with an
increased synchronization between the availability
of the nutrient and the plant demand (NEVENS;
REHEUL 2003).

CONCLUSIONS

Among the studied organic residues, the
application of poultry litter resulted in the most
positive impact for almost all evaluated variables.

The use of swine compost resulted in
inferior results when compared to the use of the
poultry litter, but for some plant variables, the
studied options resulted in better response when
compared to the use of chemical fertilizers.

Thus, the two evaluated residues from
animal production can fully replace the nitrogen
fertilization in millet. Even being known as a rustic
crop, the millet responded positively to nitrogen
fertilization.

RESUMO: A criagdo de aves e suinos sdo atividades tipicas de pequenas propriedades na regido sul do Brasil e

representam um papel importante sob o ponto de vista social e econdmico, pois em muitas dessas unidades sdo as
principais geradoras de receita. O composto de suinos tem surgido como alternativa que reduz o volume de dejeto liquido
de suinos, e o transforma em um residuo de fécil transporte e aplicacdo e menor impactante ao meio ambiente. Porém, nio
existe na literatura informacdes quanto a utilizagdo desse composto de suinos como fonte de nitrogénio em culturas
produtores de grdos. Por isso, o objetivo deste trabalho foi avaliar a cama de frango e o composto de suinos como fontes
orginicas de nitrogénio na cultura do painco. O trabalho foi conduzido nos anos de 2013 e 2014 na regido Sul do Brasil,
em sistema plantio direto em um Hapludox soil. Os tratamentos foram os seguintes: Testemunha (sem nitrogénio); Cama
de aves (CA), Composto de suinos (CS) e Adubacdo mineral (NPK). A cama de aves foi a que mais impactou
positivamente para quase todas as varidveis analisadas. J4 o composto de suinos foi inferior a cama de aves, porém para
alguns pardmetros de planta igual ou superior a prdépria adubacdo quimica mostrando que esse dois residuos podem
substituir totalmente a adubacdo mineral nitrogenada na cultua do paingo.

PALAVRAS-CHAVES: Residuos organicos. Nutri¢gio mineral. Componentes da produ¢do. Produtividade de
graos.
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