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Soil Science/ Original Article

Extended use of poultry
manure as a nutrient source
for flood-irrigated rice crop

Abstract — The objective of this work was to evaluate changes in the soil
chemical properties, nitrogen use efficiency, and grain yield of flood-irrigated
rice fields after the addition of poultry manure during five years. Trials were
carried out in a randomized complete block design, with three replicates. The
treatments were: chemical fertilizers, N-P,0s-K,O; control, no fertilizers; and
poultry manure doses, 2.5, 5.0, and 10.0 Mg ha’'. Poultry manure increased
soil pH, base saturation, and phosphorus, potassium, calcium, and zinc
contents more than the chemical fertilizers. Adding poultry manure to the
soil increased N ammonification (35 mg kg!' NH,"-N) from the first to the
fourth week after rice was sown. The exclusive use of poultry manure was
not sufficient to provide adequate nutrition to rice plants after the decrease in
NH,"-N content in the soil. The cumulative N uptake by plants and rice yield
were lower with poultry manure application than with the chemical fertilizers.
Adding poultry manure to flood-irrigated rice fields for five years alters soil
chemical properties, improves fertility, does not favor nitrogen use efficiency
by rice plants, and promotes a lower grain yield than the chemical fertilizers.

Index terms: Oryza sativa, nutrient availability, organic fertilization.

Uso prolongado de cama de aviario
como fonte de nutrientes para cultura
de arroz irrigado por inundacao

Resumo — O objetivo deste trabalho foi avaliar as propriedades quimicas do
solo, a eficiéncia do uso de nitrogénio e a produtividade de campos de arroz
irrigado por inundacdo ap6s adicdo de cama de aviario durante cinco anos.
Os ensaios foram conduzidos em delineamento de blocos ao acaso, com trés
repeti¢des. Os tratamentos foram: adubagdo quimica, N-P,05-K,0; controle,
sem fertilizantes; e doses de cama de aviario, 2,5, 5,0 ¢ 10,0 Mg ha'. A cama de
aviario aumentou o pH, a saturacdo por bases e os teores de fosforo, potassio,
calcio e zinco do solo mais que os fertilizantes quimicos. A aplica¢do de cama
de aviario aumentou a amonifica¢do do N (35 mg kg' de N-NH,") da primeira
a quarta semana apds a semeadura do arroz. O uso exclusivo de cama de
aviario ndo foi suficiente para fornecer nutricdo adequada ao arroz apds a
diminui¢do do conteudo de N-NH," no solo. A absor¢do acumulada de N e
a produtividade de arroz com a aplica¢dao de cama de aviario foram menores
do que as com os fertilizantes quimicos. A adi¢do de cama de aviario nas
lavouras de arroz por cinco anos altera as propriedades quimicas do solo,
melhora a fertilidade, ndo favorece a eficiéncia do uso de nitrogénio pelas
plantas e promove menor produgdo de arroz que os fertilizantes quimicos.

Termos para indexacio: Oryza sativa, disponibilidade de nutrientes, adubos
organicos.
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Introduction

Rice (Oryza sativa L.) production occupies around
2 million hectares in Brazil, of which irrigated
lowland rice covers 65% or approximately 1,459.9
million hectares. This flood-irrigated rice cropping
system has an average yield of 7,500 kg per hectare.
The adequate use of fertilizers in these rice regions
is fundamental to achieve great productivity, and the
inorganic fertilizers account for an average of 12% of
the variable cost of the rice bag (Oliveira Neto, 2015).
The base fertilization is predominantly P, K, and urea
(45-00-00) as a N source, divided into two or three
topdressing applications (Reunido..., 2016).

In contrast, organic fertilizers such as animal
manures and green manures are little used as a source
of nutrients in rice crops. Therefore, the use of poultry
manure in rice fields as an organic fertilizer is a strategy
that enables, at the same time, a correct form of disposal
of these residues and a fertilization method capable
of improving the physical, chemical and biological
characteristics of the soil (McGrath et al., 2010).

Several authors have shown that organic amendments
play a crucial role in both short-term nutrient supply
and long-term build-up of soil quality in flood-irrigated
rice crops (Javier et al., 2002; Knoblauch et al. 2012;
Nishikawa et al., 2014). In addition, when properly
managed, they decrease potential polluters and increase
yield, which makes them important sources of income
and added value, since they are resources available on
the farms and may be used in organic production (Liang
et al., 2017; Mushtaq et al., 2019).

Fertilization using poultry manure should consider
the crop’s requirements and the manure’s speed of
decomposition and nutrient release, as well as its nutrient
concentration, because most of them are part of organic
compounds and need to be mineralized to become
available to the plants. Therefore, one of the main
obstacles to the use of organic manures in rice production
is crop nutrition, mainly N supply to the production
system (Javier et al., 2002; Masunga et al., 2016).

In flood-irrigated rice, organic fertilizers must
be incorporated into dry soil approximately 30 days
before soil flooding and rice sowing, to enable the
mineralization process and to prevent the formation
of organic acids during the anaerobic decomposition
of organic material (Reunido..., 2016). Applying
poultry manure to rice plants at their developmental
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stages has negative practical implications and causes
environmental pollution (Nishikawa et al., 2014).

In flooded soils, information about nutrient release
from poultry manure to the soil are scarce. Therefore,
understanding the dynamics of nutrient release
following poultry manure application to waterlogged
soils is necessary to establish the adequate quantities
to achieve high yield and decrease environmental
impacts to soil and water. In addition to establishing
organic residual doses, it is important to compare the
rice yields obtained using organic fertilizer with those
obtained using mineral fertilization.

Therefore, it is necessary to evaluate if the use of
poultry manure provides N in an available form and in
adequate amounts to increase rice crop productivity,
and also if, after a long time of continuous use of
poultry manure in rice fields, there is an increase in
soil fertility when compared with other rice fields
treated only with chemical fertilizers.

The objective of this work was to evaluate changes in
the soil chemical properties, nitrogen use efficiency, and
grain yield of flood-irrigated rice fields after the addition
of poultry manure during five years.

Materials and Methods

The trial started in 2012 in a paddy field at
the experimental station of Empresa de Pesquisa
Agropecudria e Extensdo Rural de Santa Catarina,
located in the municipality of Itajai, in the state of
Santa Catarina, Brazil (26°57'10"S, 48°45'40"W, at
a 7-m altitude). The soil is a lowland soil, classified
as Cambissolo haplico (Santos et al., 2013), i.e., an
Inceptisol. Samples were collected at the 0—20-cm soil
depth before the beginning of the experiments. The
soil’s chemical characteristics were: pH 4.9 in H,O,
13.9 g kg organic carbon, 6.1 mg dm? P (Mehlich-1),
719 mg dm? exchangeable K (Mehlich-1), 8.07
cmol, dm? cation exchange capacity, 1.6 cmol. dm?
Ca, 0.9 cmol, dm* Mg, and base saturation of 30%.

The experiment was conducted in a randomized
complete block design consisting of five treatments
with three replicates over five years. The experimental
area of each plot was 7x6 m (42 m?), separated by
clay levees between plots. The treatments were:
inorganic fertilizers, i.e., N-P,Os-K,O applied as urea,
superphosphate, and potassium chloride; three doses of
poultry manure, totally basal application of 2.5, 5.0 and
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10.0 Mg ha'; and control, without inorganic fertilizers
and poultry manure. Inorganic fertilizers were applied
every year at the following rates: 120 kg ha'! total N
(urea), with a split topdressing application (1/3 at early
tillering + 1/3 at tillering + 1/3 at heading); 40 kg ha'
P,0s, and 70 kg ha! K,O, with totally basal application.

The chemical properties of the poultry manure were
determined according to Tedesco et al. (1995) (Table 1).
Dry mass was quantified by the difference between
wet and oven-dried samples weight. The contents
of N, P, K, Ca, and Mg were measured after the wet
digestion of the soil samples by using sulfuric acid and
hydrogen peroxide. Poultry manure was applied to and
incorporated into dry soil four weeks before sowing,
to ensure microbial activity occurred. The poultry
manure used in crops had an average percentage of N,
P and K of 2.1, 4.0 (P,0Os) and 2.1% (K,0), respectively.
Therefore, the three doses of poultry manure contained
approximately 50, 100, and 200 kg ha' N, respectively.
In 2014, limestone was applied and mixed to the topsoil
by plowing in all plots of the experimental area.

The rice cultivar used was SCSI118 Marques,
characterized by late maturity, at around 142 days
of the biological cycle. In each season, 120 kg ha’
pre-germinated seeds were sown in the flooded soil.
All the plots were submerged in 5 to 10 cm water
depth from the sowing to the heading stage. Pest
management practices were conducted in accordance
with recommendations by Sociedade Sul-Brasileira
de Arroz Irrigado (Reunido..., 2016). During yearly
harvest, the rice grains were removed from the field,
and the stubble and underground portions were kept
fallow until the next cropping season.

Table 1. Chemical properties of the solid poultry manure
applied in soil over five years (2012-2016) in flood-irrigated
rice (Oryza sativa) crop.

Growing pH Dry Total P,Os K,O Ca Mg
season matter N

%)

2011/2012 8.2 81.0 2.87 525 249 1.9 057

20122013 8.1 86.4 2.03 2.99 132 331 1.02
2013/2014 8.4 71.6 2.38 344 240 197 134
2014/2015 8.6 79.7 1.94 4.66 1.08 392 0.55
20152016 8.9 83.4 1.42 384  3.06 392 1.8
Mean 8.4 81.6 2.13 404 207 3.00 1.01

In all treatments, the soil in the 0—20-cm plowed
layer was annually sampled after harvest from 2012
to 2016. Samples were air dried and sieved through a
2.0-mm mesh for chemical analyses: exchangeable K,
Ca, Mg, and available P; subsequently, the sum of the
bases, cation exchange capacity at pH 7.0, and base
saturation were calculated as recommended by Tedesco
et al. (1995). The AI** and H+Al were determined by
titration techniques (Alvarez et al., 2001), whereas
Zn was extracted by Mehlich-1 and determined using
atomic absorption spectrophotometry. pH in H,O was
obtained using a soil-water ratio of 1:2.5. Organic
carbon content (OC) was determined using the Walkey-
Black method (Silva, 2009).

NH,*-N content in the 0-10-cm soil layer was
determined at scheduled intervals after field flooding.
The soil was sampled using a soil sampler with a small
homemade screw auger. After that, soil samples were
transported immediately to the laboratory, thoroughly
mixed, and analyzed for moisture content in soil
(the method is based on removing soil moisture by
oven drying a soil sample at 105°C until its weight
remains constant). The concentration of NH,"-N
was determined using 1 mol L' KCI solution (10 g
field-moist soil in 50 mL solution). For mineral N, soil
slurries were shaken for 1 hour in the MA244/THM
low-speed reciprocal shaker (Marconi, Piracicaba, SP,
Brazil). Two hours after shaking, a 20-mL solution
was analyzed to determine NH,"-N and NO;™- N using
the micro Kjeldahl method.

At the maturation stage, aboveground residual straw
and grains were collected from 1 m?of each plot. The
samples were dried in a forced-air ventilation oven
at 65°C for 72 hours, and ground. Analyses were
performed to determine N content using the micro
Kjeldahl method (Tedesco et al., 1995). N accumulation
in the aboveground residual straw and grains was
calculated using dry mass and N concentration data.

Grain yield was determined by harvesting a sample
area of 6.0 m? per plot. The grain yield weight was
adjusted to a 13% moisture content. Yield components
(panicles per square meter, grains per panicle, panicle
sterility, 1,000-grain weight, and harvest index) were
determined by harvesting a sample area of 0.25 m? in
the center of each plot. After counting their number,
the panicles were manually threshed and the filled
grains were separated from the unfilled grains (half-
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filled and empty grains) using a weed sorting machine
powered by a 1/2-hp engine.

Statistical analysis was performed using the R
statistical software (R Core Team, 2015). Analysis
of variance was used to detect significance between
regression coefficients. The mean rice yield values for
the poultry manure, inorganic fertilizer and control
(no fertilization) treatments were compared using the
Tukey’s test to detect significant differences among
treatments at a 5% probability.

Results and Discussion

The poultry manure applied yearly before rice
sowing resulted in higher pH in the soil than chemical
fertilization (Table 2). Before the poultry manure
application, soil pH values in all plots varied within a
relatively narrow range, from 4.90 to 5.03. After four

F. Schmidt & R. Knoblauch

years, comparing 2012 and 2016 (A), the difference
in soil pH showed higher decrease under the control
treatment and NPK fertilization than under the poultry
manure treatment. Only with 10.0 Mg ha' poultry
manure the A value was positive (+0.27). From the
second year on, soil pH increased along with the
increase in the manure dose applied. The regression
coefficient was significant with linear adjustment of
equations from the second until the fifth year (Table 2).

The soil pH increase due to the poultry manure
treatment may be explained by many factors, such as the
dissociation of alkaline products which are present in the
composition of the animals’ diet, the metabolic activities
of organic compounds, and protein degradation, which
liberates ammonia into the environment (Mushtaq et al.,
2019), as well the use of calcium oxide during poultry
house disinfection (Wolf et al., 2014). Poultry manure’s

Table 2. Changes in pH in H,O, base saturation (BS), and organic carbon (OC) in soil fertilized with inorganic fertilizers
and doses of poultry manure during five years, from 2012 to 2016, under 'SCS118 Marques' flood-irrigated rice (Oryza

sativa) crop.

Treatment 2012 2013 2014 2015 2016 AD
pH H,O
N-P,0s-K,O 4.93 4.97 4.97 4.97 4.57 -0.37
Poultry manure
0 Mg ha'! 4.90 4.87 5.00 5.00 4.63 -0.27
2.5 Mg ha'! 4.77 5.10 4.93 5.17 4.77 0.00
5.0 Mg ha’! 5.03 5.13 5.10 5.30 4.93 -0.10
10.0 Mg ha’! 4.97 5.33 5.23 5.40 5.23 +0.27
Equation N 9=4.92+0.04*x 9=4.95+0.03*x 9=5.05+0.05%*x §=4.63+0.06**x
R? 0.92 0.81 0.92 0.99
Base saturation (%)
N-P,05-K,O 32.6 36.8 52.5 23.3 20.9 -11.7
Poultry manure
0 Mg ha'! 30.6 315 45.5 29.3 21.8 -8.8
2.5 Mg ha'! 30.9 41.9 47.6 323 26.2 -4.7
5.0 Mg ha'! 40.3 459 51.7 42.8 333 -7.0
10.0 Mg ha’! 27.6 61.4 61.3 50.5 51.2 +23.6
Equation \a §=32.58+2.88**x  §=44.39+1.62*%*x §=28.97+2.23*x ¥=19.98+3.00**x
R? 0.98 0.98 0.95 0.98
Organic carbon (g dm™)
N-P,05-K,0O 14.1 10.8 12.8 19.5 12.4 -1.7
Poultry manure
0 Mg ha'! 13.8 8.9 11.0 18.9 10.8 -3.1
2.5 Mg ha! 14.2 10.4 12.8 17.6 11.2 -3.3
5.0 Mg ha’! 14.6 9.7 12.2 18.6 12.6 -1.4
10.0 Mg ha'! 15.4 10.1 12.8 16.8 11.2 -4.4
Equation ¥=13.78+0.16**x g s g s
R? 0.99

A, values in 2012 subtracted from the values in 2016. * and **Significant at 5 and 1%, respectively. *Nonsignificant.
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performance on increasing soil pH depends on the
amount of calcium oxide received as treatment, which
promotes acidity correction.

Poultry manure’s pH was around 8.0-9.0; therefore,
its addition contributed to raising the soil’s pH
(Table 1). In the experimental area, where soil pH was
low, the manure addition produced benefits to the soil’s
chemical conditions. The increase in soil pH produced
by the use of poultry manure in areas with Fe toxicity
may promote positive effects on rice productivity,
by reducing the environment’s toxicity to the plants’
roots, because it produces smaller amounts of H" for

the electron supply and therefore decreases and retards
the Fe and Mn transformations.

Base saturation (BS) increased along with poultry
manure doses’ increase after the second year of
application (Table 2). Differences in BS between 2012
and 2016 increased only under the treatment with 10.0
Mg ha' manure. In the fifth year, BS values under the
N-P,05-K,0 and control treatments were around 20%,
but with 10.0 Mg ha'! poultry manure the BS values
increased to 51.2%. BS increase in the soil occurred
due to the cumulative amount of Ca?* and K" provided
by poultry manure (Tables 2 and 3). The incorporation

Table 3. Changes in P, K, Ca, Mg, and Zn availabilities in soil fertilized with inorganic fertilizers and poultry manure doses
during five years, from 2012 to 2016, under 'SCS118 Marques' flood-irrigated rice (Oryza sativa) crop.

Treatment 2012 2013 2014 2015 2016 AD
P (mg dm?)
N-P,05-K,O 5.6 10.4 7.8 6.8 13.2 +7.6
Poultry manure
0 Mg ha' 6.1 9.4 8.4 5.0 7.6 +1.5
2.5 Mg ha'! 6.7 11.6 10.2 7.9 9.0 +2.3
5.0 Mg ha'! 7.7 13.2 11.9 11.7 15.2 +7.5
10.0 Mg ha’! 7.1 15.9 16.8 15.7 26.5 +19.4
Equation N §=9.77+0.63**x  §=8.19+0.83**x  §=5.37+1.07**x  §=5.93+1.98%*x
R? 0.99 0.99 0.98 0.97
K (mg dm?)
N-P,0s-K,0O 70.8 97.3 83.4 57.3 47.9 -22.8
Poultry manure
0 Mg ha'! 71.9 76.0 82.2 54.7 36.9 -35.0
2.5 Mg ha'! 95.1 86.7 104.3 69.3 47.9 -47.2
5.0 Mg ha'! 91.6 98.7 105.5 88.0 71.6 -20.0
10.0 Mg ha'! 120.6 120.0 147.2 118.0 124.7 +4.1
Equation §=75.38+4.44*x  §=76.00+4.42*%*x  §=82.70+6.19*x  §=54.53+6.39**x  §=30.67+9.06%*x
R? 0.90 0.99 0.95 0.99 0.98
Ca (cmol. dm?)
N-P,05-K,0O 1.90 1.93 3.60 0.93 1.57 -0.33
Poultry manure
0 Mg ha'! 1.67 1.77 3.40 1.10 1.50 -0.17
2.5 Mg ha'! 1.73 2.50 3.93 1.63 2.37 +0.63
5.0 Mg ha'! 2.10 2.77 3.97 2.10 3.13 +1.03
10.0 Mg ha’! 2.37 3.97 4.57 3.13 4.83 +2.47
Equation 9=1.64+0.07*x 9=1.82+0.21**x 9=3.49+0.11%*x 9=1.11+0.20%*x 9=1.51+0.33**x
R? 0.95 0.98 0.94 0.99 0.99
Zn (mg dm?)
N-P,0s-K,O 2.17 2.77 2.57 3.50 2.33 +0.17
Poultry manure
0 Mg ha' 2.57 433 2.43 2.90 2.53 -0.03
2.5 Mg ha'! 2.73 4.13 2.93 2.93 3.00 +0.27
5.0 Mg ha'! 3.23 3.93 2.93 3.10 4.30 +1.07
10.0 Mg ha’! 2.93 5.87 3.87 4.27 5.40 +2.47
Equation 4 \a §=2.45+0.14*x §=2.68+0.14*x §=2.5+0.30**x
R? 0.94 0.86 0.97

A, values in 2012 subtracted from the values in 2016. * and **Significant at 5 and 1%, respectively. “Nonsignificant.
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of 10 Mg ha! poultry manure per year added 174 kg K,
300 kg Ca, and 100 kg Mg per hectare to the soil. The
N-P,0;-K,0 fertilizer supplied only 58 kg ha' K.

The soil’s K and Ca contents increased significantly
under the manure treatments (Table 3). For K and Ca
contents, the adjusted regression equations were linear
for poultry manure treatments in all years. In 2014,
soil Ca content increased under all treatments, because
limestone was applied to the experimental area. In the
long term, the use of poultry manure as a nutrient source
may supply high amounts of K, Ca, and Mg to the soil
(Table 3). The levels of N, P, K, Ca, and Mg in poultry
manure vary according to its origin, and especially to its
chemical/biochemical composition (Table 1).

Organic carbon (OC) contents in the plowed soil
increased with manure doses only in the first year
(Table 2). In later years, OC contents in the plots with
poultry manure did not differ in comparison to the
other treatments. This is due to several factors, such as
the greater production of straw and its incorporation
to the soil in plots where chemical fertilizers were
used, which compensated for the C contained in
organic fertilizers in the plots under poultry manure
treatments. Studies developed by Huang et al. (2013)
and Yadvinder-Singh et al. (2010) showed that straw
crop residue retention is an important source of
soil organic matter and an effective strategy for
maintaining soil fertility and crop yields in the vast
agricultural areas of China. In addition, in paddy soils,
organic matter is more liable to accumulate than in
upland soils, due to the submerged conditions during
the rice crop’s growth period, because submerged rice
paddies are maintained at lower redox potentials.

Chemical fertilizer and control plots had less soil
Zn content than the treatments with addition of poultry
manure (Table 3). The value of A Zn was higher for 5.0 and
10.0 Mg ha' manure doses than for the other treatments.
Phosphorous contents in the soil increased significantly
under the manure treatments. In subsequent years, the
P content increased in response to manure use, with
linear adjustment of the equations. The value of AP was
higher under the 10.0 Mg ha! poultry manure dose than
under the inorganic fertilization treatment. At the fifth
year, the value of P content in the plowed soil under the
10.0 Mg ha! poultry-manure treatment was very high,
26.5 mg dm?. In the present study, the P accumulated
in the soil was higher under poultry manure than under
chemical fertilization.
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In flood-irrigated rice, care must be taken to
properly manage poultry manure (fresh or composted)
usage, because continuous and intensive use of organic
manure increase P accumulation in the soil (Table 3).
Organic fertilizers are alternatives to chemical
fertilizers for P supply (Regmi et al., 2002), however P
release from poultry manure can be slower than from
chemical fertilizers. According to Zai et al. (2010),
microbial activity is higher in soils fertilized with
poultry manure, and this activity helps to release P
from soil and increases plant uptake.

The highest NH,"-N contents in the plowed soil
layer under the poultry manure treatments occurred at
approximately 20 to 40 days after sowing (Figure 1).
In this period, the treatment with 10 Mg ha' poultry
manure applied before sowing reached the highest
contents of NH,"-N, 35 mg kg ! in the four growing
seasons. From the first to the fourth week, the
application of poultry manure to the soils markedly
increased N ammonification (about 30 mg kg
NH,"-N), which is attributed to amounts of soluble
carbohydrates, low C/N ratio and low amount of lignin,
resulting in high microbial activity and thus in faster
decomposition of the poultry manure applied (Griffiths
et al., 1994). Generally, this favors all microbial groups
and particularly stimulates the ammonium producers.

After this period, NH,"-N contents in the soil
decreased under the manure treatments, and the values
reached 5 to 10 mg kg'! NH,"-N. The decrease in
NH4*-N content in the soil 40 days after sowing shows
that the exclusive use of poultry manure may not be
sufficient to provide adequate nutrition to rice plants
during the period of high demand for N, since the rate
of N released from organic manures was relatively low.

Poultry manure contains N in organic forms, but the
rate and extent of its mineralization and N availability
is slow. A long-term evaluation showed that the
incorporation of poultry manure to the soil as a N
source before rice sowing is not an efficient practice
to nourish the plants in the period of high demand for
N, which occurs from the full tillering stage forward
(Figure 1). At the panicle differentiation stage (around
80 days after sowing), NH4"-N content in the soil
decreased when poultry manure was applied in totally
basal dressing.

However, the split application of urea increased the
efficiency of N use by plants. The highest amounts of
NH,"-N in the soil, about 20 to 55 mg kg, occurred
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after the first urea application (24 to 46 days after
sowing) in all years. The increase in NH,"-N content
was only detected after the first urea application,
because during the second and third applications the
plants had vigorous vegetative development, with
high consumption rates of the NH,"-N available in
the soil. Also, the inorganic N is subject to escaping
the paddy soil towards the environment as gaseous
N,, by denitrification, and as nitrate, by leaching and
mainly by ammonia volatilization or by nitrification-
denitrification (Watanabe et al., 2009).

Inorganic fertilizer (NPK) and poultry manure
doses increased rice grain yield in comparison to the
control treatment (no fertilization) in all four harvests

(Figure 2). The highest yields were obtained under
the chemical fertilizer treatment, in which the mean
yield was 9,896 kg ha'!, which depicts a 38% increase
in comparison to the control treatment. The poultry
manure doses incorporated before sowing produced
19% less grain yield when compared to chemical
fertilizers.

Grain yield increased in a quadratic model
arrangement when poultry manure doses increased
in the range of 0 to 10 Mg ha' (Figure 3). Based on
regression equations, maximum grain yield was
obtained with the application of 6.8 Mg ha! poultry
manure doses in the first harvest, 8.2 Mg ha’, in the
second, 5.6 Mg ha'!, in the third, and 6.6 Mg ha’!, in the
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Figure 1. Soil-manure NH,"-N days after the application of poultry manure (PM) and inorganic fertilizer (urea) to the soil.

Vertical error bars indicate a mean standard error.
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fourth. The maximum grain yields estimated varied
from 8.2 to 8.8 Mg ha! in all four harvests.

Riceyieldunderthe application of poultry manure did
not reach the productivity of the chemical fertilization
treatment. However, the maximum yields obtained in
the four years may be considered high (8,000 to 8,800
kg ha'), because they are higher than the rice mean
yields for the state of Santa Catarina (7,500 kg ha™).
The poultry manure doses that promoted maximum
rice yields supplied 130 to 190 kg ha' N, 190 to 350
kg ha'! P,Os, and 70 to 170 kg ha' K,O. Thus, poultry
manure, when used in adequate doses, may be an
efficient organic fertilizer, and reduce the demand for
external N (urea) in rice fields.

12,000
n=9896a
~ 10,000
= n=7986b
o 8,000 p=6134c
S
= 6,000
=
§ 4,000
O
2,000
0
Inorganic fertilizer Control Poultry manure
Treatments
‘ = 2012/2013 2013/2014 === 2014/2015 2015/2016 ‘

Figure 2. 'SCS118 Marques' flood-irrigated rice (Oryza
sativa) yield, as affected by poultry manure, inorganic
fertilizer (N-P,0;-K,0), and control (without fertilization)
treatments. Values are the means () of four years, and equal
letters ddo not iffer by Tukey’s test, at a 5% probability.

Rice plants supplied with chemical fertilizers
produced more panicles per area and grains per
panicle than rice plants supplied with poultry manure
doses. However, both yield components increased
significantly with the increase in manure doses
(Table 4). Grain sterility, thousand grain weight and
harvest index were not affected by fertilizer type —
poultry manure or chemical. Nitrogen concentration
in straw and grains was not affected by fertilizer
type or poultry manure dose (Table 5). The highest N

10,000
9,000+
S 8,000
2
)
<
= 7,000+
Q
=
R
s 6,000
O
5,000
4,000 T T T T
0.00 2.50 5.00 10.00
Poultry manure (Mg ha™)
—@—— 2012/2013 y=6957 +556x -41x* R*=0.76
——O—— 2013/2014 y=>5188+885x-54x> R’=0.99
mmmmNmmme 9014/2015 Y = 7440 +279x - 25x° R*=0.99
m===d==== 20152016 Y=5108+953x-72x R*=0.99

Figure 3. 'SCS118 Marques' flood-irrigated rice (Oryza
sativa) yield in response to the application of poultry
manure doses. *Significant at 5%.

Table 4. Yield components of 'SCS118 Marques' flood-irrigated rice grown in soil fertilized with doses of poultry manure
and with inorganic fertilizer (N-P,0;-K,0) during five years, from 2012 to 2016.

Treatment Panicles per m? Grains per panicle 1,000-grain weight Grain sterility Harvest index
(no.) (no.) (® (0) (%)

N-P,05-K,0 575 64 30 15 49
Poultry manure

0 Mg ha'! 489 45 29 11m 50

2.5 Mg ha'! 532 51 30 12 54

5.0 Mg ha'! 562 52 30 11 53

10.0 Mg ha’! 555 59 30 12 48
Equation §=487+22.3*x -1.6%x? §=45.6+1.4%x \a o \a
R? 0.99 0.97

* and **Significant at 5 and 1%, respectively. "“Nonsignificant.

Pesq. agropec. bras., Brasilia, v.55, 00708, 2020
DOI: 10.1590/S1678-3921.pab2020.v55.00708



Poultry manure as a nutrient source for flood-irrigated rice crop 9

Table 5. Nitrogen content in straw and grains, and N accumulated in straw, grains and total for 'SCS118 Marques' flood-
irrigated rice (Oryza sativa) grown in soil fertilized with doses of poultry manure and with inorganic fertilizer (N-P,Os-

K,0) during five years, from 2012 to 2016.

Treatment N content (%) N accumulated (kg ha')
Straw Grains Straw Grains Straw+grains

N-P,05-K,0O 0.61 0.99 64.14 96.67 160.81
Poultry manure

0 Mg ha'! 0.50 0.88 30.51 52.64 83.15

2.5 Mg ha'! 0.51 0.87 32.31 64.86 97.16

5.0 Mg ha'! 0.49 0.90 35.71 74.15 109.86

10.0 Mg ha'! 0.50 0.92 44.17 73.92 118.09
Equation \a N §=29+1.4%*x §=52+6.3*x-0.4%x? 9=87+3.4%x
R? 0.98 0.99 0.91

* and **Significant at 5 and 1%, respectively. "“Nonsignificant.

accumulation was achieved in rice plants grown using
chemical fertilizers (64.14 kg ha' accumulated in the
straw and 96.6 kg exported to the grains), while plants
supplied with poultry manure treatments accumulated
32.31 to 44.17 kg ha' in the straw and 64.86 to 73.92
kg ha! in the grains.

The use of chemical fertilizers, especially split
nitrogen, improved the synchronicity between N
supply and N uptake and use by the rice crop, and
increased the yield components.

Conclusion

Adding poultry manure to the soil in flood-irrigated
rice (Oryza sativa) fields for five years alters the chemical
properties of the soil, improves fertility, but does not
favor the efficiency of nitrogen use by rice plants, and
favors grain yield less than chemical fertilizers.
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