Summary

The swine culture is considered by environmental
agencies as an activity potentially causing environmental
degradation. In recent years, in the western region of
Parand, has increased the use of wastewater from pig
farming (ARS) in fertigation of crops, which improves
soil conditions due to the supply of nutrients, in addition
to cost savings associated with fertilizer and water. One of
the elements of the ARS is the phosphorus which, when
in excess, can compromise the quality of the environment,
as a contaminant of water. This study aimed to evaluate the
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best blade of ARS, used for fertigation, which cause less contamination by phosphorus, of the percolating soil and water
to the groundwater. We evaluated five blades of ARS (0, 112.5, 225, 337.5 and 450 m3 ha-1 per cycle), combined with
two fertilization of soil (50 and 75%) in Latossolo Vermelho distroférrico cultivated with maize. It was observed that the
higher blades of ARS show greater accumulation of phosphorus in the soil. For the percolate, the indices of phosphorus

found do not present risk of contamination to the water.
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Introduction

The swine in Brazil, mainly in the west of
Parana, is a predominant activity in small rural
properties, of great economic and social importance,
serving especially as a tool for setting the man to the
field. However, the wastewater from swine activities,
if improperly managed, can cause environmental
degradation. The wastewater from swine culture
(ARS) has considerable amount of dissolved
nutrients that are lost or discarded when released in
water, making it undesirable. An alternative to this
practice is the use of effluent for irrigation, applied
to the soil as a source of water and fertilizer, allowing
the deployment of culture.

Inaswine farm, the daily amount of wastewater
produced depends on the number and age of animals,
the amount of water used in cleaning the stalls and
drinking fountains, waste feed, hair, dust and other
materials arising the rearing process, among other
factors (CORREA e CORREA, 2003; OLIVEIRA
et al., 2000). These factors, combined, determine the
concentration of solids in the wastewater, the costs
with treatment facilities or storage and the need of
area for receiving these waters, as an organic fertilizer,

if this is the way chosen for wastewater disposal
(OLIVEIRA et al., 2000).

Phosphorus is one of the elements that
integrate the composition of the ARS, and in high
doses, can cause contamination of soil and surface and
groundwater. Oliveira (1993), stressed the fact that
the accumulation of phosphorus in several decades of
application can cause imbalance of nutrients.

Approximately two thirds of P in the slurry
of pigs is a form not soluble in water, part of organic
structures (BARCELLOS, 1992), which provide a
residual effect of manure. Successive applications
of manure can cause accumulation of phosphorus
in the soil, as observed Pratt (1979). A greater
presence in the surface layer of soil phosphorus is
undesirable because it promotes the loss by runoft,
which, together with its movement in the soil profile,
can cause eutrofizagio of water, as Giusquiani et al.
(1998). This fact was demonstrated by Hountin et
al. (2000), who found increments of 16, 26, 33 and
50% in all forms of phosphorus to a depth of 1 m
after application of 30, 60, 90 and 120 m3 ha-1 of
wastewater from swine culture, respectively.

Freitas et al. (2004), with the addition of

wastewaters from swine culture observed that small
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amounts of phosphorus presented low concentration
of the nutrient in leachate from lysimeters due to its
low mobility in soil and being largely retained in the
layer from 0 to 50 cm depth .

The phosphorus can follow four paths
after the application of ARS soil: fixation by the
particles, uptake by plants, percolation through
the soil profile and precipitation (SCALOPPI
and BAPTISTELLA, 1986). Freitas (2001), using
wastewater of swine culture in irrigation of corn,
observed that concentrations of phosphorus in the
leachate were in the range of 0.69, 0.84 and 0.58
mg L-1 and being largely retained in the layer
soil from 0 to 50 cm deep. The objective of this
study was to evaluate the use of ARS as a source of
nutrients, observing the problem of contamination
of phosphorus, to define appropriate management to
reduce the impact to the environment.

Material and methods

The experiment was conducted in the
Experimental Center of Agricultural Engineering of
the State University of West of Parana (UNIOESTE),
Cascavel, PR, in Latossolo Vermelho distroférrico.

It was constructed 24 lysimeters, spaced 0.40
x 0.50 m with 1.20 m depth. The methodology used
for construction of the lysimeters was described by
FAO (1986). Each lysimeter was an equal volume of
1 m3, with depth of 1.10 m diameter 1.43 m, total
area of 1.60 m2.

'The soil samples were taken at depth of 0-60
cm, one before the implementation of ARS and
seeding, at 60 and 120 DAS, the latter, after removal
of the culture. The soil samples were analyzed in the

laboratory of the Department of Natural Resources
- Soil Science, UNESP / Botucatu-SP to assess the
levels of phosphorus in the soil according to et RAIJ
al. (2001).

The maize hybrid used was CD 705, sown
on March 23 2006, with seeding density of 45,000
plants ha-1, keeping one plant per hole. In the sowing
all treatments received fertilizer with 600 kg ha-1 of
the 5-20-20 formulation. The control of weeds was
done by hand weeding, and Spodoptera frugiperda
with deltamethrin (Desis) at a concentration of 0.2
L ha-1,30 days after sowing, using backpack sprayer.
The ARS used was collected in a farm for the
production of pigs in the finishing phase, in the
city of Cascavel-PR, which was already in the
pond of discharge for 40 days. The ARS was taken
to the experiment site and placed in sealed tanks
for 150 days during the development of culture.
The ARS rates were estimated by the quantity of
available nitrogen found in the physical-chemical
analysis (Table 1).

The demand of N by the corn was also
considerate, as Fancelli e Dourado Neto (2000), of 80
kg N ha-1, splitted in doses of 30 kg ha-1 at sowing
and 50 kg ha-1 in fertilization coverage. Thus, the
fertilizers at sowing was of 30 kg N ha-1, and the
fertilization of coverage relates to 80 kg N ha-1, were
distributed throughout the development of culture.
Based on the amount of N present in the ARS, the
applications resulted in rates that were 100,200, 300
and 400 kg N ha-1, established from the fertilization
of coverage (50 kg N ha-1). The doses of fertilizer
were 15 and 22.5 kg N ha -1, referring to 50 and
75% of fertilizer used at sowing (30 kg N ha -1).The

Table 1. Physical-chemistry characterization of the wastewater used during the experiment.

Parameters Results
pH 7.7
DBO 2046 mg L*
DQO 3048 mg L!
Nitrate 35mgL?
Nitrite 2.78 mg L*
Ammonia 1073mg I'!
Total phosphorus 171 mg L

Note: Analysis performed at the Laboratory Solandlise according to the method of APHA (1995).
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combination of factors ARS, AD and DAS resulted
in ten treatments, described in Table 2.

'The same quantities of ARS were used in all
treatments throughout the period of application, as
it was found that there were no significant changes
in the concentration of nitrogen in their wastewater.
'The applications of ARS were performed in biweekly
intervals, alternated with irrigation, i.e., seven days
after the applications of ARS the irrigation was
applied, according to historical averages of rainfall
in the region, assessed by Longo et al. (2006). The
experimental design was performed in randomized
blocks with trifatorial in a split plot in a randomized
block design with three replicates and subplots
in time, i.e., were used five ARS rates (0, 112.5,
225, 337.5 and 450 m3 ha-1 cycle), two levels of
fertilization (50 and 75%), and periods of collection,
with five samples to soil and seven samples for the
leachate. The soil samples were taken one before the
implementation of an ARS, one after the harvest and
the other at intervals of 30 days for the development
of culture. For the leachate samples were performed
in accordance with the application of ARS, with
three replicates each, totalizing 24 plots. There was
analysis of data normality, while for those who
did not show normality was submitted to changes
suggested by Banzatto and Kronka (1989). The
data were submitted to analysis of variance to test
their significance, and in the significant interactions
the split took place and average test. The averages
were compared among themselves by Tukey test
at 5% probability. (STORCK, ESTEFANEL and
GARCIA, 1995) five samples of the leachate (87,
102,117, 132, 147 DAS) were assessed throughout
the experiment, the determination of phosphorus,
according to the methodology described by Tedesco
et al. (1995).

Table 2. Treatments applied in experiment

PRIOR, M. et al.

Results and discussion

Table 3 presents the values of variance analysis
for the levels of phosphorus in soil and leachate.
It can be observed from the Table 3 that the F values
were significant for the cause of variation in the
leachate and soil. Observing the values of variation
coefficients, it can be observed that the data of
leachate were homogeneous, according to the low
coeflicient of variation, below 20% (GOMES, 1987).
For the data of phosphorus in the soil, it is noted
that the F values were significant for the factor DAS,
of the interaction of AD x DAS and ARS x DAS.
Regarding the homogeneity of data, it is observed
that for phosphorus data in the soil, they presented
low homogeneity, according to the intervals suggested
by Gomes (1987).

Table 4 presents the average values of
phosphorus (mg L - 1) determined in the leachate
material collected during the development of the
corn crop in lysimeters under treatment with ARS.
Observe that the highest average was found
to 135 DAS, which differ not only the average
observed at 150 DAS. The lowest average
were observed at 75 and 105 of which were
statistically equal, and differed from the others.
It can be observed that from the Table 4 that the
leaching of phosphorous in the soil profile after
application of wastewater is small. Eghball et al.
(1997), applying 60 kg ha-1 of phosphorus in bands
and observed that the decrease of phosphorus was
only 4 cm in three different soil types. However, the
movement in depth of the element may be greater
when combining high doses of mineral fertilization
with the addition of organic waste. Some studies
indicate that the leaching of phosphorus from the
application of fertilizers and organic waste, has

Treat ¢ Fertilization Application rate of ARS
reatmen Chemistry (kgha™) ARS (m*ha™) (L lysimeters™ application™)
T1 15 112,5 3
T2 225 112,5 3
T3 15 225 6
T4 22,5 225 6
T5 15 337,5 9
Té6 22,5 337,5 9
T7 15 450 12
TS 225 450 12
T9 15 - -
T10 22,5 - -

Pesquisa Aplicada & Agrotecnologia V2 N1 Jan.- Abr. 2009 ISSN 1983-6325

99



Table 3. Summary of variance analysis of phosphorus in soil and leachate

Variation causes Phosphorus leachate Phosphorus soil
Gl F Gl F
Block 2 3,207 2 3,91
ARS 3 0,84 4 1,91
Error I 6 8
AD 1 0,14 1 3,041
ARS x AD 3 1,08 4 1,75
Error I1 8 10
DAS 6 8,06* 4 16,02*
ARS x DAS 18 1,277 16 2,68*
AD x DAS 6 1,74r 4 3,68*
ARSx ADxDAS 18 1,110 16 1,54
Block x DAS 84 3,65% 8 1,66
Error IT1 12 72
Total 167 149
CV (%) 16,18 47,92
CVII (%) 15.02 36,97
CV IIT (%) 4,99 27,07

DAS: days after sowing; ARS: wastewater from swine culture, CV: coefficient of variation, * significant effect at 5% level of significance, ns: not

significant at 5% level of significance.

increased mobility of phosphorus in the soil in organic
form.The levels of phosphorus found in the leachate
indicate higher concentration of the element at the
end of the period analyzed. The concentrations of
phosphorus in leachate material were low, indicating
no problems with this element in the leachate, as
all doses of ARS presented concentrations below
to those indicated by CONAMA (2005), which is
0,025 mg L-1 to surface waters. Low concentrations
of phosphorus in wastewater due to the low mobility
of this nutrient in the soil, which is probably adsorbed
by soil particles, absorbed by plants and the remaining
precipitated (BASSO, 2003).

The application of wastewater increased the
levels of phosphorus in the soil, however in small
quantities. This probably occurred because the
wastewater from swine culture is rich in nutrients,
combined with low mobility of phosphorus in the
soil. Furthermore, organic matter helps keeping the
nutrients available in the exchangeable form. Similar

results were found by Chateaubriand (1988), Oliveira

Parizotto (1994) and Campelo (1999) in studies with
the swine culture wastewater.

Table 5 presents the unfolding of the
interaction rates of application of ARS x collection
periods for the values of P (mgl.-1) determined in
the collected soil during the development of the corn
crop in lysimeters under treatment with ARS.

In Table 5, it is shown an increase in the
phosphorus concentrations in soil depending on
the period, but without providing any statistical
difference. For the rate of 0 m3ha-1, no changes
occurred over time, i.e. the average showed no
significant difference throughout the study. For the
rate of 112.5 m3 ha-1 it is noted that the highest
average was observed at 95 DAS, which differed from
the others. For all periods in function of the layer of
application, no statistical differences were observed.
For the rate of 225 m3 ha-1 the major averages were
observed at 95 and 200 DAS, which did not differ
from others. The rate of 337.5 m3 ha-1 presented the
highest average at 95 DAS, not differing statistically

Table 4. Average values of phosphorus (mg L-1) determined in the leachate material collected during the
development of the maize culture, in lysimeters on treatment of swine wastewater.

Period (DAS)

Parameter

60 75 920

105 120 135

Average
150

P 0,00236¢  0,000584  0,00233c

0,00078d

0,03317b  0,05346a  0,04453ab  0,01960

Averages followed by the same letter in the line do not differ by Tukey test at 5% level of significance. For the analysis of variance was used for

data processing A/ x + 1
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Table 5. Unfolding of the interaction rates of application of ARS x periods of collection to the values of
phosphorus (mg L-1) determined in the collected soil during the development of the culture of corn crop

in lysimeters on treatment of ARS.

Fees Periods (DAS)
(m*ha™) BS 40 DAS 70 DAS 95DAS  200DAS  Averages
0 14,62aAB 14,66aA 14,79aA 14,06aC 14,26aB 14,47
112,5 13,40bB 13,89bA 13,93bA 21,98aB 14,38bB 15,51
225 16,85bA 16,27bA 17,03bA 26,24aAB 22,64aA 19,80
337,5 11,22bB 13,99bA 17,43abA 24,63aAB 17,05abAB 16,86
450 13,57bAB 15,83bA 19,22bA 29,70aA 16,73bAB 18,95
Averages 13,93 14,93 16,48 23,32 17,01

BS = Before sowing, DAS = Days after sowing. Averages followed by the same letter in the row and capital letter column do not differ by Tukey

test at 5% level of significance. For the analysis of variance was used for data processing [ x + 1 .

of the averages presented at 70 and 200 DAS. For
greater dosage for the application of ARS (450 m3
ha-1), the averages were higher at 90 DAS, which
differed from the others. The other periods presented
no significant differences averages.

For periods, it is observed that for the witness,
the highest average was found for the rate of 225
m3 ha-1, which differed from other means. At 40
and 70 there were no significant differences in the
rates of application. For the period of 90 DAS, the
lowest average was observed for the rate of 0 m3
ha-1, which differed from the others, and higher for
the rate of 450 m3 ha-1, which differed in the rate
0f112.5 m3 ha-1. At 200 DAS, the highest dose was
observed for the rate of 225 m3ha-1, which did not
differ statistically from levels of 337.5 and 450 m3
ha-1.The lowest doses were found for the rates of 0
and 112.5 m3 ha-1.

As the application of ARS was being done,
the contents of the element in soil presented evidence
of increase. For the rate of application of 0 m3 ha-
1, and for samples taken before sowing, the rates
of soil remained low. With the increasing rates of
application, concentrations of phosphorus in the soil
have increased, which at 95 DAS recorded the highest
averages. The contents of phosphorus in the soil are
within the range considered average for the soil and
for the corn crop (COELHO and FRANCA, 1995),
which specified limits between 16 to 40 mg L-1.
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The data observed in this study are in agreement
with Berwanger (2006), which verified an increase in
levels of phosphorus in the soil due to the increase of
application of doses of ARS.The author, using slides
of 480 and 960 m3 ha-1, verified that the migration
of phosphorus was observed at all depths and being
more evident in the depth of 15 cm. The author also
reported that applications of ARS dosage in 960 m
3ha -1, for four years, meets the need of the crop as
Soil Fertility Commission - RS/ SC (2004), and the
exceeding quantity applied with waste accumulates
in the soil. The continuity of the applications of
liquid swine waste in this area probably raise more
and more levels of phosphorus in the soil. Applying
an accumulated amount of 560m3 ha-1, for 4 years,
Ceretta et al. (2003) obtained 1664 mg L-1 of
available phosphorus in the soil layer from 0 to 2.5
cm in area of natural pasture, on which Durigon et
al. (2002) reported that the amount of phosphorus
absorbed by plants from natural pasture is very small
compared to that applied by the waste, and observed
that the maximum of P accumulated in plants of
natural pasture was 8.1% of total P applied to an
accumulated amount of swine waste of 560 m3 ha-1,
for 4 years and this would justify the accumulation
in soil in this research.

The mobility of phosphorus in soil is very
small, and therefore the losses by leaching in
agricultural soils are considered insignificant
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(BASSO, 2003; LOPES, 1995; STEFANUTTI,
1995) because of this it is observed that the low
concentrations of the element in the leachate. In this
way, Kao and Blanchar (1973) observed that after
82 years of continuous application of manure and
fertilizers there is a significant amount of phosphorus
available to a depth of 1.0 to 1.4 m. Compared to
the leaching of phosphorus from the application of
fertilizers and organic waste, some authors verified
that phosphorus is more mobile in the soil in organic
form (MOZAFFARI and SIMS, 1994, EGHBALL
etal., 1996).

The soil type is an important factor that
controls the vertical movement of phosphorus in the
soil profile, because depending on that it can have
greater interaction between soil and solution that
percolates in the profile, increasing the possibility of
adsorption of phosphorus.

Stefanutti et al. (1995) observed that the level
of available P in soil increased significantly with the
application of ARS over time. At 8.3 months of
application of manure, the increase in the amount
of available P in 0-10 cm layer was 242% and 580%
with application of 20 and 40 m3 ha-1 respectively, at
48 months. The increase was 3.94% and 6.71% with
doses of 20 and 40 m3 ha-1, respectively, reaching
very high levels of available P in soil, since, for the
condition of soil, levels of P above 24 mg L-1 are
considered high (CQFS-RS/SC, 1995).

These results present that it must be paid
attention to the polluting potential of P in the
environment, avoiding the application of high doses

of wastewater in small areas, and is adopting technical
measures to allow greater infiltration rate of water
in the soil, and systems of crops that provide the
production and maintenance of high quantities of
plant residues on the soil surface to reduce the runoft.
Although in some cases the losses of P are small, even
relatively low concentrations (0.01 mg L-1 of soluble
P-3 or 0.02 mgL of total P) are sufficient to cause
eutrofizagio (SHARPLEY and REKOLAINEN,
1997).

Doblinski et al. (2007) working with leaching
of N, P and K in the culture of beans irrigated with
ARS, verified that there was gradual increase of
phosphorus in the more superficial layers of the
profile, as the amount of wastewater applied (50,
100, 150 and 200 m3ha -1). It also noted that from
the witness that quantity was increasing linearly.
Table 6 presents the unfolding of the interaction
rate of chemical fertilizer applied to soil x time
of collection to the average values of phosphorus
(mg L-1) determined in soil collected during the
development of the corn crop in lysimeters under
treatment with ARS.

It can be observed by Table 6 that the
concentrations of phosphorus in the soil differed
between sources of chemical fertilizer used. The
dosage of 75% of chemical fertilizer presented
higher concentration of the element to the ground
without differs statistically by the dosage of 50%. For
periods, the general averages show that the highest
concentration of the element was observed at 90

DAS, which differed from the others. The lowest

Table 6. Unfolding of the interaction rates of chemical fertilizer applied to soil x time of collection to
the average values of phosphorus (mg L-1) determined in soil collected during the development of the
corn crop, in lysimeters under treatment with the rates of application of wastewater from swine culture.

Periods (DAS)
AD (%) Averages
40 70 920 125
50 11,39bB 14,93abA 17,50abA 22,17aA 15,46abA 16,29
75 13,87bA 14,93bA 15,46bA 24,47aA 18,57bA 17,46
Averages 12,63¢ 14,93b 16,48b 23,32a 17,01b

AD = doses of chemical fertilizer. Averages followed by the same letter in the row and column capital do not differ by

Tukey test at 5% level of significance. For the analysis of variance was used for data processing \/x +1 .
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average was recorded before sowing, and also differed
from other averages. The periods for 40, 70 and 125
DAS did not differ among themselves and were
different from the smallest and the largest average.
For unfolding, it can be noted that the
fertilization of 50% had higher average at 90 DAS,
which differed from the smaller, observed at 0 DAS.
For other periods the averages were statistically
equal. For AD of 75%, the highest average was
also observed at 90 DAS, which differed from the
others. Although the lower value has been verified
to the witness, statistically, the means were equal for
all periods. Analysing the periods, note that only
the witness presented significant difference in the
averages, the largest observed for the rate of 75% of
AD. In other periods differences between averages
were not observed. Although they have presented
these differences, note that the concentrations of
the element in the soil, can be considered low when
compared to values cited by Stefanuti (1995), which
emphasizes that concentrations of 24 mg L.-1, causes
problems of contamination in soil. At 90 DAS the
highest average (24.47 mg L-1) was observed, this
value, according to the author, indicates problems of
contamination in soil, however, at 200 DAS, when
the applications of ARS were stopped these values
reduced again. The equality of the means observed
for the percentage of chemical fertilization, may be
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