
PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative

Acta Scientiarum. Agronomy
ISSN: 1807-8621
Editora da Universidade Estadual de Maringá -
EDUEM

Methods and rates of poultry litter
fertilization for corn silage in organic
system

Yagi, Renato; Martinez, José Lino; Hoffmann, Clóvis Roberto
Methods and rates of poultry litter fertilization for corn silage in organic system
Acta Scientiarum. Agronomy, vol. 42, 2020
Editora da Universidade Estadual de Maringá - EDUEM
Available in: http://www.redalyc.org/articulo.oa?id=303062597006
DOI: 10.4025/actasciagron.v42i1.42951

http://www.redalyc.org/articulo.oa?id=303062597006
http://doi.org/


PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative

Acta Scientiarum. Agronomy, vol. 42,
2020

Editora da Universidade Estadual de
Maringá - EDUEM

Received: 23 May 2018
Accepted: 25 September 2018

DOI: 10.4025/actasciagron.v42i1.42951

CC BY

SOILS

Methods and rates of poultry litter
fertilization for corn silage in organic

system

Renato Yagi 1*

Instituto Agronômico do Paraná, Brazil
ORCID:  hp://orcid.org/0000-0002-1111-0040

José Lino Martinez 2
Instituto Agronômico do Paraná, Brazil

Clóvis Roberto Hoffmann 3
Instituto Agronômico do Paraná, Brazil

ABSTRACT. : e creation of proper soil fertility is fundamental to the agroecological
transition phase and guarantees the sustainability of organic agribusiness. In a
randomized complete block design with a 3 x 2 factorial scheme with 1 additional
treatment (control, without organic fertilizer), we tested three poultry litter rates (7, 14,
and 21 Mg ha-1) at sowing or splitting between sowing (30%) and side-dressing (70%)
for two summer corn whole-plant silage crops and for the soil chemical attributes. e
splitting of the poultry litter rate during the rainy season preserves the soil K content,
prevents the accumulation of soil P and increases the efficiency of the increasing yields of
the organic whole-plant corn silage crop. e reapplication of pre-sowing poultry litter
can lead to an accumulation of P and Ca in the soil but favors fresh matter and cob dry
matter yields in the dry season. e splitting of the poultry litter rate for whole-plant
corn silage can guarantee technical and environmental sustainability in rainy years, but
on the other hand, the reapplication of this organic fertilizer only at pre-sowing can
increase the fresh matter yield and protein quality of organic whole-plant corn silage
cultivated in an Inceptisol in the dry season.
Keywords: organic fertilization, splitting fertilization, Zea mays.

Introduction

e concept of agroecology defined as a political stratagem to meet
the conventional technical standards of modern agriculture, is covered
with a ‘scientific aura’ of techniques without scientific support (Navarro,
2013). is concept does not consider that there is an inverse relationship
between the capitalization degree of family farmers and the adoption
of agroecological practices, that reduce the economic risk of agricultural
activity (Assis & Romeiro, 2005). Actually, resource scarcity drives a
very deficient agroecological implementation or transition phase and
consequently harms the technical, economic, environmental and social
sustainability of this agribusiness. us, the lack of specific research
results, the academic-scientific alienation of many cases and mainly the
realistic practices of family farmers, demands technical subsidies for the
agroecological construction of soil fertility.
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In a transition phase, when the conversion of mineral N from fertilizer
to organic sources occurs, a highly demanding crop such as corn requires
two or more years to reach maximum yield via the accumulation of
mineralized N (Pang & Letey, 2000). In an agroecological system, poultry
litter (PL) increased (p < 0.05) corn grain yields aer two years of repeated
applications, and PL stood out in comparison to other commonly used
practices, such as the use of biofertilizers, solutions of diluted cow urine,
and intercrops of corn with legumes, did not increase corn yields during
four consecutive years (Hanisch, Fonseca, & Vogt, 2012). In the organic
production of corn in a crop-livestock integration system, Novakowiski,
Sandini, Falbo, & Moraes (2013) observed that PL rates with a maximum
technical efficiency of 9.0 and 12.0 Mg ha-1 corresponded to maximum
grain yields of 7,654 and 10,931 Mg ha-1, respectively.

Correlated scientific literature also supports the application of PL
for conventional corn cultivation and indirectly for research in the
agroecological conversion phase. e results obtained by Sistani et al.
(2010) indicated that no-till corn cultivated with 13.5 Mg ha-1 year-1

of PL for four consecutive years resulted in corn grain yields similar (p
> 0.05) to corn cultivated with mineral fertilization without causing
residual levels of P, Cu, and Zn that could be harmful to surface waters
or subsequent crops. Tewolde, Sistani, & Adeli (2013) observed that
only 31% of N from an application of 18.0 Mg ha-1 of PL in the
spring was released in the first year, and when compared with the fall
application resulted in average increases (p < 0.05) of 14% for ear leaf N
concentrations and of 24% for corn grain yields during three years.

Poultry litter is a residue produced in large amounts in small areas
in the south of Brazil, and more than 90% of the N from PL is in the
organic form that must be mineralized to become available to plants
(Rogeri, Ernani, Mantovani, & Lourenço, 2016). However, excessive
PL applications may cause soil P accumulation and decrease the P
sorption capacity, which promote leaching of the nutrients to subsurface
waters (Abdala, Ghosh, Silva, Novais, & Alvarez-Venegas, 2012) and
base leaching in the soil profile, probably due to the presence of malic
and oxalic acid in organic manure (Gebrim et al., 2008). Furthermore,
ammonia (NH3-N), and greenhouse gases can be released with PL
application and can contribute to environmental contamination (Eugene
et al., 2015). To prevent P accumulation from organic nutrient sources,
it is necessary to use complementary N sources such as N-fixing or N-rich
fertilizers to balance P budgets (Maltais-Landry, Scow, Brennan, Torbert,
& Vitousek, 2016). us, we hypothesize that splitting the application of
rates of PL for organic corn silage can improve the agronomic efficiency
of organic fertilization, which would prevent the soil P accumulation.

With the aim to technically assist the agroecological implementation
and transition phases, our objective was to evaluate the rates and timing
of repeated applications of PL on the yield of the organic corn silage and
on the chemical attributes of a loamy clay textured Inceptisol.
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Material and methods

e experiment was conducted in medium texture Inceptisol at the
Agronomic Institute of Paraná (IAPAR) in the Lapa municipality (25º
46' 11" S; 49º 42' 57" W; 908 m above sen level), Paraná State, Brazil. Soil
samples were physically characterized (Empresa Brasileira de Pesquisa
Agropecuária [Embrapa], 1997) at depths of 0 to 0.2 m presenting, 347
g kg-1 clay, 346 g kg-1 silt and 307 g kg-1 sand. Soil chemical analyses were
also performed (Pavan, Bloch, Zempulski, Miyazawa, & Zocoler, 1992)
by extracting P and K using the Mehlich1 method, the organic C using
the Walkley-Black method, the pH (1:2.5; soil: 0.01 mol L-1 CaCl2), Ca
and Mg using KCl (1 mol L-1) and H+Al using the SMP buffer solution.
In soil layer of 0 to 0.2 m the results were, respectively, 3.6 mg dm-3 P, 20.7
g dm-3 C, 4.5 pH, 0.12 cmolc dm-3 K, 3.2 cmolc dm-3 Ca, 2.2 cmolc dm-3

Mg, 6.7 cmolc dm-3 of H + Al and 45.2% of base saturation index (V%).
e site has a Cfb climate according to Köppen’s Climate

Classification, with a humid subtropical climate with a mild summer,
rainfall evenly distributed, no dry season and the mean temperature of the
warmest month not reaching 22ºC. e annual precipitation varies from
1,100 to 2,000 mm. e cumulative rainfall data and average maximum
and minimum temperatures during the experimental period between
September 2015 and February 2017 are presented monthly in Figure 1.

e experiment was carried out in randomized complete block design
with the factorial scheme (3 x 2) + 1. e treatments consisted of three
PL rates (7, 14, and 21 Mg ha-1, corresponding to 6.1, 12.2, and 18.3
Mg ha-1 on a dry weight basis) and two methods of applying PL [at pre-
sowing (PS) and half at pre-sowing and half at side-dressing (PS + SD)]
with an additional treatment without organic fertilizing (control). e
splitting of the PL rates was characterized by the application of 30 at pre-
sowing and 70% at side-dressing (V6 stage). At side-dressing, the organic
manure was incorporated into the soil with the aid of a cultivator. e
experimental plots were composed of the equivalent dimensions of five
rows of corn spaced at 0.8 m between rows, 4 m in length. e chemical
analysis (Tedesco, Gianello, Bissani, Bohnen, & Volkweiss, 1995) of the
PL (12.9% humidity) revealed (g kg-1): 17.6 of N; 22.1 of P; 31.9 of K;
72.7 of Ca, and 10.0 of mg; and (mg kg-1): 530 of Cu; 817 of Zn; 42 of
B and 626 of Mn.

e area was lightly harrowed and received the PL rates at corn pre-
sowing according to the treatments, approximately 15 days before corn
sowing in September of 2015 and 2016. Aer corn cultivation in 2016,
the soil was prepared with light harrowing and sowing of forage pea
(Pisum sativum L.) cv. IPR 83 with a sowing density of 50 kg of seeds per
hectare. At the end of the cycle, the grains were harvested, and the plants
were lightly incorporated into the soil with light harrowing for corn
sowing in the 2016/2017 summer season. e respective treatments were
reapplied to the same plots in both years aer preparing the soil and before
sowing corn, variety IPR 164, at an estimated plant population of 87,500
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plants ha-1. e phytosanitary treatments consisted of applications of
Bacillus thuringiensis for the control of Spodoptera ugiperda and neem
oil at 4% for the control of Euschistus heros; both were applied two times
each in the two corn crops. e harvests were performed according to
the visual criteria cited by Lugão, Bett, Moro, & Lançanova (2011) when
the consistency of the grains varied from farinaceous to farinaceous-hard.
For the corn silage yield component estimation, seven plants from the
two central lines were harvested per plot. e plants were segmented
into leaves, stems and cobs, and aer, the total fresh corn yield was
calculated. e plants samples were weighed, crushed and subsampled for
dry matter yield determination aer drying in an oven at 65°C with forced
air circulation until constant weight. Soil samples were collected in each
plot (0 - 20 cm) at the end of the first cultivation of corn silage via the
collection of six simple samples per plot, which were sent for chemical
analyzes according to the methods described in Pavan, Bloch, Zempulski,
Miyazawa, & Zocoler (1992).

e results were submitted to an analysis of variance F test at p <
0.05, considering the (3 x 2) + 1 factorial scheme with three replicates.
e quantitative factors were deployed in each method of application
of the organic fertilizer, at pre-sowing and fractioned at pre-sowing and
at side-dressing, through a polynomial regression analysis at 5 and 1%
probability. e significant differences (p < 0.05) between the methods
of PL application at each rate studied were characterized by Tukey's
test. Comparisons between the two summer crops with corn silage were
performed by means of a joint analysis of experiments, considering seven
treatments, three replications and a difference of less than 7:1 between
the residual squares of both experiments as a prerequisite (Banzatto &
Kronka, 1995).

Results and discussion

e PL rates applied only at pre-sowing (PS) or half at pre-sowing
and half at side-dressing (PS + SD) linearly increased the fresh matter
yields (FMY) of the aerial part of the corn silage crop in both years
(Figure 2). e alterations in the chemical and physical fertility of
the soil by PL applications to a low fertility Inceptisol can justify the
obtained results. e total concentrations of N, P2O5 and K2O with
the maximum PL rate were equivalent to approximately 425, 1,223,
and 926 kg ha-1 year-1, respectively, far above the inorganic fertilizer
recommendations for corn silage in low fertility soil (Núcleo Estadual
Paraná-Sociedade Brasileira de Ciência do Solo [Nepar-SBCS], 2017).
Moreover, ammonium (NH4 +-N) accumulation occurred on the soil
surface due to lower aeration when increasing PL rates were lightly
incorporated (Pengthamkeerati, Motavalli, Kremer, & Anderson, 2006),
and higher NH4 +-N nitrification was observed with PL incorporation
into the soil in relation to its application to the surface due to the
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closer contact of the organic fertilizer with soil nitrifying microorganisms
(Rogeri, Ernani, Lourenço, Cassol, & Gatiboni, 2015).

e splitting of PL rates resulted in FMY increases (p < 0.05) of 88.5%
compared to 66.9% obtained with solely pre-sowing rates in the first year
(Figure 2a). When the application of 4 Mg ha-1 of PL at sowing and the
application of this rate divided equally at sowing and at side-dressing were
compared, Boateng, Kornahrens, & Zickermann (2007) observed higher
ear leaf N with the full rate at sowing but did not observe differences
(p < 0.05) in biomass or grain yields. In organic production systems, the
anticipated application of PL in oat (Avena strigosa L.) without sheep
grazing preceding the corn crop in the summer resulted in increases of
approximately 4,000 kg ha-1 (63.5%) in corn grain yields for the highest
studied rate, 8 Mg ha-1 (Novakowiski et al., 2013).

Figure 1
Rainfall and maximum (Tmax) and minimum (Tmin) temperatures during

the experimental period. Lapa, Paraná State, Brazil. *PL side-dressing.

Figure 2
Fresh matter yields (FMY) as a function PL rates at pre-sowing (PS) and half
at pre-sowing and half at side-dressing (PS + SD) in 2015-2016 (a) and aer

reapplication in 2016-2017 to a whole-plant corn silage crop (b). ** and *: Significant
at 1 and 5% probability, respectively. Vertical bars indicate the range of minimum

significant difference (p < 0.05) between application methods for the same PL rate.

When the maximum PL rate was split into 30% at pre-sowing (127
kg ha-1) and 70% at side-dressing (297 kg ha-1), it may have minimized
nitrate (NO3 --N) leaching and provided better N nutrition to the plants,
as opposed to the potential damage that may have been caused by the
equivalent 425 kg ha-1 year-1 only at pre-sowing. With one corn crop per
year for three consecutive years, an early application of PL in fall resulted
in N losses of up to 37% of the total mineralized N mainly due to NO3
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--N leaching; whereas a PL application in spring resulted in N loss up to
72% of the total mineralized N mineralized via denitrification (Feng et
al., 2015). e splitting of PL fertilization may have mainly prevented or
minimized nutrient losses via leaching and/or laminar erosion because it
rained 97.3% (318 mm) more during the first three months aer corn
sowing in the first period than in the last period of corn silage crop
growth (Figure 1). Excessive PL applications can result in N (Feng et al.,
2015), P (Abdala et al., 2012) and cation (Gebrim et al., 2008) leaching
and environmental problems such as those that can also be caused by
inorganic fertilizers.

In the subsequent corn silage crop aer reapplication of the treatments,
with 97.3% less rainfall than in the previous year especially in the first
three months of sowing (Figure 1), the reverse occurred: a 115.7% FMY
increase with PL rates solely at pre-sowing versus a 63.6% increase with
the splitting of PL fertilization (Figure 2b). In the last season, repeated
pre-sowing applications of 21 Mg ha-1 year-1 PL increased FMY to 39,951
kg ha-1 compared to FMY with split fertilization (21,958 kg ha-1). Poultry
litter amendments until a rate of 21 Mg ha-1 year-1 may have also resulted
in better soil physical conditions in a period with less water availability,
as observed in the second crop of whole-plant corn silage (Figure 1). e
cumulative effects of PL application at pre-sowing were also observed
only in the second year by Feng et al. (2015), in which the N content
of the diagnostic leaf and the grain yields were similar (p < 0.05) for
the mineral fertilization treatments. Light harrowing with PL rates of
18.7 Mg ha-1 and with PL incorporation up to a maximum of 0.15 m of
soil depth did not affect soil total porosity, macroporosity, mesoporosity,
microporosity or bulk density (Pengthamkeerati et al., 2006). On the
other hand, the results obtained in an analogous Inceptisol indicated
that intensive incorporation of PL with a rototiller resulted in superficial
crusting and sealing in the dry season, caused, in turn, by clay dispersion
with the PL application in the rainy season (ierfelder, Amezquita, &
Stahr, 2005).

is result is also probably related to the forage pea cultivation in the
winter between the two corn silage crops, which may have potentially
affected the organic fertilization with poultry litter. Unfortunately, it
was not possible to measure the possible residual effects of the rates of
PL applied in both methods on the winter legume yields, which were
only 135 kg ha-1 of grains. Nevertheless, the effect of forage pea could
also explain the yields of the control treatment. e FMY of the control
treatment without PL fertilization was 17,779 (106.1%) Mg ha-1 higher
(p < 0.05) in the last year of the corn silage crop than that of the first
year. e approximately 34,500 kg ha-1 FMY for the control treatment
in the second year was above the highest FMY observed with the highest
PL rate in the first year regardless of the application method (29,769 kg
ha-1 on average). In conditions of high soil fertility and with forage pea
adaptation to the climatic conditions of the winter in the State of Parana,
Brazil, this legume can accumulate up to 209 kg ha-1 of N and contribute
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up to 84 kg ha-1 of N to the soil in the first two weeks (Viola et al., 2013).
us, the substantial increases up to approximately 40,000 (115.7%) and
22,000 kg ha-1 (63.6%) FMY with 21 Mg ha-1 of PL at corn pre-sowing
and with half at pre-sowing and half at side-dressing, respectively, suggest
a synergistic effect between the green manure and the reapplication of the
organic fertilizer incorporated into the soil.

erefore, the use of combined techniques, organic and green
fertilizers, promotes the agroecological construction of a fertile
Inceptisol. e incorporation of pelleted PL into the soil with hairy
vetch (Vicia villosa Roth) or hairy vetch with cereal rye (Secale cereale
L.) residues provided higher rates of decomposed organic fertilizer and
higher delivery of N to the subsequent plants in relation to those from the
incorporation of organic fertilizer with grass residues only (Poffenbarger
et al., 2015). In contrast, the DMY and the N inputs of the forage
pea may have been consistent with the residual effect of the rates and
methods of PL despite the withdrawal of large amounts of nutrients by
the whole-plant corn silage crop. e synergistic effect between the use of
PL and forage pea was confirmed by means of an eventual improvement
in protein quality of the whole-plant corn silage. For the corn silage plant
segments, the DMY of the cob was 1,590 kg ha-1 (31.2%) higher (p < 0.05)
with 21 mg ha-1 of PL at pre-sowing than that at the split rate (Figure 3f).

e dry matter yield (DMY) of the leaves, stems and cobs linearly
increased with the PL rate in both fertilization methods and in both
seasons (Figure 3). ere were no differences (p < 0.05) between the
methods of application in each rate of PL for the DMY of the leaves,
stems and cobs in the first season of the corn silage crop. ese parameters
increased on average to 650 (70.5%), 2,211 (108.7%), and 1,159 (60.5%),
respectively, with 21 Mg ha-1 PL in relation to those of the control
(Figures 3a, c and e). e leaf DMY in the second season also did not
show a difference for the method of application of the PL rates, but it did
have an average linear increase of 1.576 kg ha-1 (79.8%) with the highest
rate, which was 78.3% higher than the leaf DMY in the first season. is
result emphasize the synergistic effect observed between animal and green
manures. In the second season, with the reapplication of the treatments,
the 86.5% (3,097 kg ha-1) increase in cob DMY with 21 Mg ha-1 at pre-
sowing was higher (p < 0.05) than the 42.1% (1,507 kg ha-1) increase
in cob DMY with the same PL but split at pre-sowing and side-dressing
(Figure 3f). A possible increase in the protein quality of whole-plant corn
silage was observed with the reapplication of 21 Mg ha-1 at corn pre-
sowing, but it was counterbalanced by the higher (p < 0.05) stem DMY
(1,127 Mg ha-1; 32.5%) from the splitting of the organic fertilization
(Figure 3d).

e soil samples collected before the second corn silage crop showed
few variations in chemical attributes (Figure 4), probably due to the short
time between treatment application and soil sampling. e PL rates did
not influence the levels of organic P (Figure 4a), organic C (Figure 4b) and
Mg (Figure 4e) for either method of organic fertilization. Aer 14 years
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of annual PL application to corn and soybean crops in a Typic Hapludult,
there were effects (p < 0.05) of organic fertilization on P, K, Ca, Mg,
organic C, CEC, and mineralizable C and N (Watts, Torbert, Prior, &
Huluka, 2010).

In the present study, however, there was a quadratic effect (R2 = 0.95*)
of the splitting of the PL rate for pH (CaCl2) values (Figure 4c) and a
linear increase in the Ca (R2 = 0.57*; Figure 4d) and K (R2 = 0.83*; Figure
4f)) content with the PL rate solely at pre-sowing and at both pre-sowing
and side-dressing, respectively. e pH (CaCl2) values increased (only 0.4
units) up to the rate of 10.2 Mg ha-1, reaching 5.5; whereas in the highest
split PL rate, the value decreased to 5.1, lower (p < 0.05) than that of the
same PL rate solely at pre-sowing (Figure 4c). e increase in the pH with
PL application can occur through the release of hydroxyls (OH-), with
ligand exchange reactions by the organic anions in Fe and Al oxides and
with the reduction of Fe and Mn oxides via the electron rich environment
provided by the PL application (Hue, 1992). On other hand, both with
larger rates of PL and with any rate of PL solely at pre-sowing, the NH4
+-N nitrification process may have generated protons that mitigate the
acidity of the soil.

e linear increase in K levels only in the treatment with the split
application of PL rates may be another indication that there were fewer
nutrients lost with this fertilization method in the rainy year (Figure 4f).
While the K contents increased by 47.0% with the PL application at
side-dressing, the K contents from the treatment with pre-sowing PL did
not increase with the incorporation of up to 926 kg ha-1 of K2O, which
suggests that, in addition to N, there were substantial losses of K. N losses
due to NO3 --N leaching can occur because of the high rates of NH4 +-N
accumulation (Pengthamkeerati et al., 2006) and nitrification (Rogeri et
al., 2015) with slight PL incorporation. PL can favor the release of Ca, Mg,
K, and Na to deeper soil layers, particularly via the contribution of basic
cations by the organic fertilizer itself and the effect of the combination of
organic and inorganic anions, especially NO3 --N (Gebrim et al., 2008).
With the supposed losses of K via leaching for the treatment with PL
incorporation, there may have been conditions that increased the Ca
content for this treatment (Figure 4d). is did not occur with the split
application of PL due to absorption by the corn plants that responded
better to organic fertilization in the rainy year (Figure 2a).
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Figure 3
Dry matter yields of the leaves (LDM), stems (SDM) and cobs (CDM) as a function of PL rates at
pre-sowing (PS) and half at pre-sowing and half at side-dressing (PS + SD) in 2015-2016 (a, c, e)

and aer reapplication in 2016-2017 to a summer corn silage crop (b, d, f). **, * and NS: Significant
at 1 and 5% probability and nonsignificant, respectively. Vertical bars indicate the range of the
minimum significant difference (P < 0.05) between application methods of the same PL rate.

ere was no interaction (p > 0.05) between rates and method of PL
application for the soil P contents, and there was not any effect of PL rate
independent of the application method (Figure 4a). However, there was
an isolated effect of the application method independent of the PL rate
where the splitting of the PL rate resulted in 34.5% (p < 0.05) less P than
the PL rates applied only at pre-sowing (Figure 5). e accumulation of
P with the pre-sowing PL application (Figure 5) is in agreement with the
increase in the Ca content for the same treatment (Figure 2d), since stable
complexes between Ca and P can be formed in the soil exchange complex.
In soils fertilized with PL, the formation of Ca-P complexes increases the
P sorption maxima and binding energies, making the bioavailability of
P runoff lower than when applying inorganic P fertilizers (Robinson &
Sharpley, 1996).

e higher level of P with the pre-sowing PL application are consistent
with the larger increases in FMY with the splitting of the PL rate at pre-
sowing and side-dressing than that with only the pre-sowing rate (Figure
2b), which probably demanded a higher uptake of P by the plants. In
contrast, the results obtained in the second corn silage crop, in which
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there were higher yields (p < 0.05) of FMY with the pre-sowing rate in
relation to the treatment with the splitting of the PL rate (Figure 2b),
suggest that the lower level of P in this treatment (Figure 5) are due to the
higher yields that also demanded more nutrients. e organic nutrient
sources are unbalanced, and small N:P ratios result in the accumulation of
P in the soil, suggesting the need for complementary sources of N, such as
green manures and N-rich fertilizers, to balance soil P budgets (Maltais-
Landry et al., 2016). Considering the results obtained, it can also be added
that, with a possible increase in the efficiency of the split PL fertilization,
there was an increase in the N:P ratio that reduced the accumulation of P
for this treatment in comparison to the fertilization with PL only at corn
pre-sowing (Figure 5).

Figure 4
Phosphorus-P (a), organic C (b), pH (CaCl2) (c), calcium-Ca (d), magnesium-Mg (e) and
potassium-K (f) as a function PL rate at pre-sowing (PS) and half at pre-sowing and half at

side-dressing (PS + SD). **, * and NS: Significant at 1 and 5% probability and nonsignificant,
respectively. Vertical bars indicate the range of the minimum significant difference (P <
0.05) between application methods of the same PL rate and in interactions (P < 0.05).
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Figure 5
Average levels of soil P as a function PL rate at pre-sowing (PS) and

half at pre-sowing and half at side-dressing (PS + SD). Different letters
indicate significant differences (P < 0.05) between application methods.

Conclusion

e splitting of the poultry litter rate during the rainy season preserves
the soil K content, prevents the accumulation of soil P and increases the
efficiency of the increasing yields of the organic whole-plant corn silage
crop. Reapplication of pre-sowing poultry litter can lead to accumulations
of P and Ca in the soil but favors fresh matter and cob dry matter
yields in the dry season. e splitting of the poultry litter rate for the
whole-plant corn silage crop can guarantee technical and environmental
sustainability in rainy years, but on the other hand, reapplication of
this organic fertilizer only at pre-sowing can increase fresh matter yields
and protein quality of organic whole-plant corn silage cultivated in an
Inceptisol in the dry season.

References

Abdala, D. B., Ghosh, A. K., Silva, I. R., Novais, R. F., & Alvarez-Venegas, V. H.
A. (2012). Phosphorus saturation of a tropical soil and related P leaching
caused by poultry litter addition. Agriculture, Ecosystems & Environment,
162(1), 15-23. DOI: 10.1016/j.agee.2012.08.004

Assis, R. L., & Romeiro, A. R. (2005). Agroecologia e agricultura familiar na
região Centro-Sul do Estado do Paraná. Revista de Economia e Sociolologia
Rural, 43(6), 155-177. DOI: 10.1590/S0103-20032005000100009

Banzatto, D. A., & Kronka, S. N. (1995). Experimentação agrícola (3 ed.).
Jaboticabal, SP: Funep.

Boateng, S. A., Kornahrens, M., & Zickermann, J. (2007). Nitrogen use
efficiency of poultry manure by maize. Journal of Science and Technology,
27(2), 71-79. DOI: 10.1371/journal.pone.0159144



Renato Yagi, et al. Methods and rates of poultry litter fertilization for corn silage in organic system

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative

Empresa Brasileira de Pesquisa Agropecuária [Embrapa]. (1997). Manual de
métodos de análises de solo (2 ed.). Rio de Janeiro, RJ: Ministério da
Agricultura e do Abastecimento.

Eugene, B., Moore, P. A., Li, H., Miles, D., Trabue, S., Burns, R., &
Buser, M. (2015). Effect of alum additions to poultry litter on in-
house ammonia and greenhouse gas concentrations and emissions.
Journal of Environmental Quality, 44(1), 1530-1540. DOI: 10.2134/
jeq2014.09.0404er

Feng, G., Tewold, H., Ma, L., Adeli, A., Sistani, K. R., & Jenkins, J. N. (2015).
Simulating the fate of Fall- and Spring-applied poultry litter nitrogen in
corn production. Soil Science Society of America Journal, 79(6), 1804-1814.
DOI: 10.2136/sssaj2015.06.0211

Gebrim, F. O., Silva, I. R., Novais, R. F., Vergütz, L., Procópio, L. C., Nunes, T.
N., & Jesus, G. L. (2008). Lixiviação de cátions favorecida pela presença
de ânions inorgânicos e ácidos orgânicos de baixa massa molecular em
solos adubados com camas de aviário. Revista Brasileira de Ciência do Solo,
32(6), 2255-2267. DOI: 10.1590/S0100-06832008000600005

Hanisch, A. L., Fonseca, J. A., & Vogt, G. A. (2012). Adubação do milho em
um sistema de produção de base agroecológica: desempenho da cultura e
fertilidade do solo. Revista Brasileira de Agroecologia, 7(1), 176-186.

Hue, N. V. (1992). Correcting soil acidity of a highly weathered Ultisol with
chicken manure and sewage sludge. Communications in Soil Science and
Plant Analysis, 23(3-4), 241-264. DOI: 10.1080/00103629209368586

Lugão, S. M. B., Bett, V., Moro, V., & Lançanova, J. A. C. (2011). Silagem de
milho planta inteira. In N. Kiyota, J. A. N., Vieira, R., Yagi, & S. M. B.,
Lugão (Org.), Silagem de milho na atividade leiteira do Sudoeste do Paraná:
do manejo de solo e de seus nutrientes à ensilagem de planta inteira e grãos
úmidos (p. 47-97). Londrina, PR: Iapar.

Maltais-Landry, G., Scow, K., Brennan, E., Torbert, E., & Vitousek, P.
(2016). Higher flexibility in input N:P ratios results in more balanced
phosphorus budgets in two long-term experimental agroecosystems.
Agriculture Ecosystem and Environmental, 223(1), 197-210. DOI:
10.1016/j.agee.2016.03.007

Navarro, Z. (2013). Agroecologia: as coisas em seu lugar (A agronomia brasileira
visita à terra dos duendes). Colóquio - Revista do Desenvolvimento Regional,
10(1), 11-45. DOI: 10.26767/coloquio.v10i1.23

Novakowiski, J. H., Sandini, I. E., Falbo, M. K., & Moraes, A. (2013).
Fertilization with broiler litter in the production of organic corn in
integrated crop-livestock. Semina: Ciências Agrárias, 34(4), 1663-1672.
DOI: 10.5433/1679-0359.2013v34n4p1663

Núcleo Estadual Paraná-Sociedade Brasileira de Ciência do Solo [Nepar-SBCS].
(2017). Manual de adubação e calagem para o Estado do Paraná. Curitiba,
PR: SBCS/Nepar.

Pang, X. P., & Letey, J. (2000). Challenge of timing nitrogen availability to
crop nitrogen requirements. Soil Science Society of America Journal, 64(1),
247-253. DOI: 10.2136/sssaj2000.641247x

Pavan, M. A., Bloch, M. F., Zempulski, H. C., Miyazawa, M., & Zocoler, D.
C. (1992). Manual de análise química do solo e controle de qualidade.
Londrina, PR: Iapar.



Acta Scientiarum, 2020, vol. 42, Jan-Dec, ISSN: 1807-8621

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative

Pengthamkeerati, P., Motavalli, P. P., Kremer, R. J., & Anderson, S. H. (2006).
Soil compaction and poultry litter effects on factors affecting nitrogen
availability in a Claypan soil. Soil & Tillage Research, 91(1), 109-119.
DOI: 10.1016/j.still.2005.11.008

Poffenbarger, S., Mirsky, B., Weil, R. R., Kramer, M., Spargo, J. T., & Cavigelli,
M. A. (2015). Legume proportion, poultry litter, and tillage effects on
cover crop decomposition. Agronomy Journal, 107(6), 2083-2096. DOI:
10.2134/agronj15.0065

Robinson, J. S., & Sharpley, A. N. (1996). Reaction in soil of phosphorus
released from poultry litter. Soil Science Society of America Journal, 60(5),
1583-1588. DOI: 10.2136/sssaj1996.03615995006000050043x

Rogeri, D. A., Ernani, P. R., Lourenço, K. S., Cassol, P. C., & Gatiboni,
L. C. (2015). Mineralização e nitrificação do nitrogênio proveniente
da cama de aves aplicada ao solo. Revista Brasileira de Engenharia
Agrícola e Ambiental, 19(6), 534-540. DOI: 10.1590/1807-1929/
agriambi.v19n6p534-540

Rogeri, D. A., Ernani, P. R., Mantovani, A., & Lourenço, K. S. (2016).
Composition of poultry litter in Southern Brazil. Revista Brasileira de
Ciência do Solo, 40(1), 1-7. DOI: 10.1590/18069657rbcs20140697

Sistani, K. R., Mikha, M. M., Warren, J. G., Gilfillen, B., Acosta-Martinez,
V., & William, T. (2010). Nutrient source and tillage impact on corn
grain yield and soil properties. Soil Science, 175, 593-600. DOI: 10.1097/
SS.0b013e3181fbdfee

Tedesco, M. J., Gianello, C., Bissani, C. A., Bohnen, H., & Volkweiss, S. J.
(1995). Análises de solo, plantas e outros materiais (2 ed.). Porto Alegre, RS:
Departamento de Solos/UFRGS.

Tewolde, H., Sistani, K. R., & Adeli, A. (2013). Fall- and spring-applied poultry
litter effectiveness as corn fertilizer in the mid-southern United States.
Agronomy Journal, 105(6), 1743-1748. DOI: 10.2134/agronj2013.0137

ierfelder, C., Amezquita, E., & Stahr, K. (2005). Effects of intensifying
organic manuring and tillage practices on penetration resistance and
infiltration rate. Soil Tillage Research, 82(2), 211-226. DOI: 10.1016/
j.still.2004.07.018

Viola, R., Benin, G., Cassol, L. C., Pinnow, C., Flores, M. F., &
Bornhofen, E. (2013). Adubação verde e nitrogenada na cultura do
trigo em plantio direto. Bragantia, 72(1), 30-100. DOI: 10.1590/
S0006-87052013005000013

Watts, D. B., Torbert, H. A., Prior, S. A., & Huluka, G. (2010). Long-term
tillage and poultry litter impacts soil carbon and nitrogen mineralization
and fertility. Soil Science Society of America Journal, 74(4), 1239-1247.
DOI: 10.2136/sssaj2008.0415

Author notes

*
Author for correspondence. E-mail: ryagi@iapar.br


