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The present study aimed to evaluate the variation chemical (electrical conductivity, phosphorus and
nitrogen) of an dystrophic red-yellow latossol fertilized with wastewater from swine after filtering
process (FSW). For this, tomato plants of the variety Fanny TY were cultivated in drainage lisymeters in
a greenhouse, and fertirrigated with different doses of FSW, with and without added chemical fertilizer.
The results showed that the ¢ treatments that received lower FSW doses and higher quantities of
chemical fertilization presented higher values of electrical conductivity of the saturation extract of soil
(ECs); there were an increase in the concentration of available phosphorus, mainly in the superficial
layers; the FSW addition resulted in increments in the nitrogen concentration in the superficial layers,
while the chemical fertilizer application resulted in larger displacement in the soil profile.
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INTRODUCTION

Nowadays, one of the great global concerns has been
the production of wastewater from diverse activities,
primarily due to the impacts it causes to the environment,
especially with regard to contamination of soil, surface
and underground water sources for various processes
(Silva Junior et al., 2012). The care with environmental
preservation has increased in parallel with the increase of
waste production generated by agribusiness. Thus,
aware of environmental degradation caused by the
launching of wastewater in collections of water and due
to the inspection action undertaken by public agencies
responsible for environmental quality, swine farmer seek
specific solutions towards, to treat, dispose of or reuse
the waste (Souza et al., 2010). An alternative that has
been presented to reduce environmental degradation

resulting from inadequate disposal of these wastewaters
is the use of these effluents in the agriculture, which has
long been practiced around the world, earning nowadays
importance to the reduction of availability of good quality
water resources (Caovilla et al., 2010). The disposition of
wastewater in the soil-plant system, when done without
agronomic and environmental criteria, may cause
problems of contamination of soil, surface water and
groundwater and toxicity to plants (Silva Junior et al.,
2012). On the other hand, if well planned, this application
may bring benefits such as source of nutrients and water
for plants, reduction in the use of fertilizers and their
pollution potential (Erthal et al., 2010; Souza et al., 2010).
The reuse of water for irrigation is a practice widely
studied and recommended by many researchers as a
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Table 1. Results of physical and chemical analyses of the soil used to fill the lisymeters.

Souza et al.

Characteristic Value Characteristic Value
Texture class Very clayey Clay (%) 75
Coarse sand (%) 10 Soil specific mass (kg dm'3) 0.98
Fine sand (%) 10 Specific mass of the particles (kg dm'3) 2.64
Silte (%) 5 Total porosity (dm*dm™) 0.63
pH 7.01 H+Al (cmole dm)° 0.80
P (mg dm™? 0.90 SB (cmol. dm™) 2.64
K (mg dm™)? 9.00 t (cmol. dm™) 2.64
Na (mg dm™)? 5.50 T (cmole dm™) 3.44
P-rem (mg dm)® 11.80 V (%) 76.72
ca® (cmol; dm™)° 2.02 m (%) 0.00
Mg (cmol. dm®)° 0.57 ISNa (%) 0.91
A** (cmole dm™®)° 0.00 OC (dag kg™)" 0.52
Nt (mg kg™)' 817.00 OM (dag kg™)" 0.90

a - Mehlich-1 method; b - Walkley and Black method; ¢ - KCI 1 mol L™ method; d - Ca(OAc), 0.5 mol L™ method and - concentration of
phosphorus in balance after agitation for 1 h of the TFSA with CaCl, 10 mmol L™ solution, containing 60 mg L™ of P, in the relation 1:10;
f — salicylic acid method. pH - Hydrogenionic potential in water 1:2.5; P - phosphorus available; K — exchangeable potassium; Na —
exchangeable sodium; P-rem — remaining phosphorus; Ca’* - exchangeable calcium; Mg®* -exchangeable magnesium; AP* -
exchangeable acidity; H+Al - potential acidity; SB — sum of bases; t -capacity of effective cation exchange; T — cation exchange capacity
at pH 7.0; V —index of saturation by bases; m — index of saturation by aluminum; ISNa — index of saturation by sodium; OM — organic
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matter; OC — organic carbon; Nt — total nitrogen.

viable alternative to meet the water needs and, largely,
the nutritional needs of the plants (Grants et al., 2012;
Souza and Moreira, 2010; Scheierling et al., 2010; WHO,
2006).

Despite the comproved advantages of the use of swine
wastewater as fertilizer of soil, and studies that aim to
understand the effects of chemicals in the soil disposal,
most not based on agronomic criteria for the calculation
of the doses to be applied. Considering that the plants
have a fundamental role in the technical viability and
sustainability of the treatment system, the objective of
this study was to evaluate the effects of fertirrigation with
effluent in the chemical characteristics (electrical
conductivity, phosphorus and nitrogen) of an dystrophic
red-yellow latossol cultivated with tomato (Lycopersicon
esculentum Mill).

MATERIALS AND METHODS

The experiment was carried out at the Lysimeter Station of the
Experimental Area of Hydraulics, Irrigation and Drainage), in the
campus of the Universidade Federal de Vigosa (UFV), in Vigosa,
MG, from September 2010 to May 2011. Twenty-one drainage
lysimeters were utilized under a greenhouse, filled with dystrophic
red-yellow latossol previously air-dried, harrowed, sieved in a 0.004
m mesh, with adjusted acidity, and homogenized up to the
formation of the profile of 0.60 m. Table 1 presents the physical and
chemical characteristics of the soil used to fill the lysimeters. In
these lysimeters, after the formation of four definite leaves, the
saplings of tomato plants (L. esculentum Mill), hybrid Fanny TY
were transplanted for furrows with 0.15 m of depths, and a 1.00 x
0.50 m spacing, totaling four plants per lysimeter. The tomato
plants were conducted with a single stem, without tip pruning,
without the removal of the first inflorescence, with the maintenance

of only six inflorescences per plant, which were vertically staked
with polypropylene cord, starting the fastening ten days after the
transplanting (DAT), as recommended by Guimardes (2004). The
treatments consisted the control (T1 — irrigation and fertilization
recommended for the tomato plant) and fertirrigation with filtered
swine wastewater providing 100, 150 and 200% of the nitrogen
dose recommended for tomato plants, without addition of chemical
fertilization (T2, T3 and T4) and with addition of chemical
fertilization (T5, T6 and T7), respectively, and the experiment was
carried out in a completely randomized design with seven
treatments and three replications. The fertirrigations were carried
out with swine wastewater (SW) of the Swine Sector of the
Department of Animal Science of the UFV, which was conducted to
a treatment tank with average hydraulic detention time of 339 h,
whose effluent was submitted to a sequence of filtering procedures,
passing through two 10 mesh stainless steel screens and one 25
mesh screen. The filtered swine wastewater (FSW) was pumped
into the wastewater reservoir of the lysimeter station to be used in
fertigation.

Table 2 presents the physical, chemical and microbiological
characteristics of the FSW, while Table 3 presents the chemical
characteristics of the irrigation water. For the calculation of the
doses of the FSW, nitrogen was taken as the reference nutrient,
whose doses, necessary to the application of the different
percentages of nitrogen, were calculated by means of Equation 1,
recommended by reference EPA (1981).

_cp(PR-ET)+10U

= 1
bw (1—f)Cn—Cp ®

Where Lw - lamina of annual application, cm year™; Cp - nitrogen
concentration in the percolation water, mg LY PR - local
precipitation, cm year™; ET - evapotranspiration of the local culture,
cm year; U - absorption of nitrogen by the culture, kg ha™ year™;
Cn - concentration of nitrogen in the wastewater, mg L™; and F -
fraction of the nitrogen that is removed by denitrification and
volatilization, dimensionless.
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Table 2. Average values of the physical, chemical and microbiological characteristics of the filtered

swine wastewater (FSW) used in the fertirrigation.

Characteristics Values Characteristics Values
pH 7.43 Kr(mg L™ 162
EC (uS cm™) 3.403 Na (mg L™ 40
Nr(mg L™ 480 TOC (dag kg™) 0.12
N-NOz (mg L™) 0.44 OM (dag kg™) 0.20
N-NH;" (mg L™) 0.30 Ca + Mg (mmol.L™Y) 4.40
Cl (mg L™ 181.40 BDO (mg L™) 89
Alkalinity (mg L™ de CaCOs) 1954 CDO (mg L™ 370
Pr(mgL™) 139 RAP ((mmolL™)™?) 2.81
TS (mg LY 1067 RAS ((mmolL™)™?) 1.18
STS (mg L™) 126 TC (NMP/100 mL) 13.4x10°
TVS (mg L™) 381 FC(NMP/100 mL) 4.1x10°

pH — Hidrogenionic potential; EC — electrical conductivity; Ny — total nitrogen; N-NO® - nitrogen in the
nitrate form; N-NH," - nitrogen in the ammoniacal form; Cl - chloride; P+ — total phosphorus; TS — total
solids; STS - solids in total suspension; TVS — total volatile solids; Kt — total potassium; Na - sodium; TOC —
total organic carbon; OM — organic matter; Ca+Mg — calcium plus magnesium; BDO - biochemical demand
of oxygen; CDO — chemical demand of oxygen; RAP - ratio of potassium adsorption; RAS - Ratio of sodium
adsorption; TC - total coliforms; FC — thermotolerant coliforms; NMP most probable number.

Table 3. Chemical characteristics of the irrigation water.

pH EC CDO Nr Ky Na Cl Alc Ca+Mg RAS RAP
pS cm™ mg L™ mg L' de CaCOs  mmol.L™ (mmol.L ™) ™2
7.44 70.40 9.80 347 263 383 1.00 26.00 0.58 0.31 0.13

Where: pH - hidrogenionic potential; EC — electrical conductivity; CDO — chemical demand of oxygen, Nt — total nitrogen I; Ky — total
potassium; Na - sodium; CI - chloride; Alc — total alkalinity, Ca+Mg — calcium plus magnesium, RAS - relation of sodium adsorption;

RAP - relation of potassium adsorption.

This method considered Cp as 10 mg L' (CONAMA 357/2005;
COPAM/CERH n° 01/2008), null PR-ET (handling in a greenhouse
and evapotranspiration reposition), U equals to 400 kg ha™ (tomato
plant cultivated in a greenhouse, vertically staked, according to
CFSEMG (1999), f equals to 20% (Matos, 2007) and Cn achieved
in bimonthly evaluations. The complementary chemical fertilization
was calculated by subtracting from the values of P and K
recommended by CFSEMG (1999), the quantity of these nutrients
comes from the different doses of the FSW applied. Therefore,
261.10, 229.80 and 181.4 g furrow™ of super-simple and, 49.70,
40.90 and 32.70 g furrow™ of potassium chloride were added to the
soils under treatments 5, 6 and 7, respectively. In the soils
submitted to the control treatment, 100 g furrow™ of ammonium
sulfate, 375 g furrow™ of super-simple and 69 g furrow™ of
potassium chloride were added. The meteorological variables,
necessary to the determination of the evapotranspirometric
demand, were achieved by means of a Davis automatic station,
installed in a greenhouse. The reposition of the
evapotranspirometric demand of tomato plants was determined
considering the culture evapotranspiration (ETc) achieved by the
multiplication of the reference evapotranspiration (ETO0) by the
coefficients of cultivation (Kc) of tomato plants suggested by
Moreira (2002), the percentage of shaded area, the coefficient of
localization proposed by Keller and Bliesner (1990), and the
efficiency of the application system.

The applications of the irrigation water and fertirrigation were
carried out by dripping, with the use of 0.016 m diameter
polyethylene hose, whose emitters were integrated in the spacing

of 0.50 m (one emitter per plant) and presented a flow of 1.90 L h*
for an operating pressure of 10 MPa. The fertirrigations were
carried out with the reposition of 100, 150 and 200% of the daily
ETc for the treatments that received, respectively, 100, 150 and
200% of the nitrogen by means of the FSW doses, thus, making the
most needed nutrients available for the plants in due time. The
fertirrigation started after the transplanting of the saplings by means
of daily applications of FSW doses, which were concluded 68 days
after the transplanting (DAT), then totaling 114.29, 171.43 and
228.58 mm, corresponding to 100, 150 and 200% of the nitrogen
required by the culture, calculated by Equation 1. After this period,
only water was applied to replace the evapotranspirometric demand
by tomato plants. Thus, as observed by Batista (2007), when clean
water is prevented from passing through polyethylene lines during
the period of the FSW application, biofilm formation and,
consequently, the clogging of drippers are reduced.

During transplanting (0O DAT), in the middle (60 DAT) and end
(120 DAT) of the tomato plant cycle, samples of soil were collected,
with the use of a Dutch auger, 0.10 m far from the stem of a plant,
in each lysimeter, in the layers of depths of 0.18 to 0.22, 0.38 to
0.42 and 0.56 to 0.60 m, except for the samples for the
determination of the electrical conductivity of the saturation extract
of soil (electrical conductivity of the saturation extract of
soil (ECs)), which were collected in the layer of 0.20 m, in the
period of 44, 77 and 112 DAT, corresponding to the formation of the
first and sixth inflorescences and final phase of the tomato plant
cycle. These samples were identified and sent to be analyzed as for
the CEes, phosphorus (P) and total nitrogen, at the Laboratory of
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Table 4. Results of the evaluations of the electrical conductivity of the saturation
extract of soil (ECs) (dS m™1) and respective average tests, in different evaluation

periods, for the 0 to 0.20 m layer.

TRAT DAT
44 77 112
1 4.42% 4.79" 2.20"°
2 2.52P° 3.90% 1.76"°
3 2.64%° 4.03% 1.72"
4 3.21¢ 4,427 1.87"°
5 3.9478° 4.13% 2.01%°
6 3.705¢2 4.43"% 2.13%
7 3.455¢P 433782 1.85"°

Averages followed by at least one same lower case letter in the lines indicate that, for the treatment
(TRAT), the evaluations at the time (DAT) do not differ, at 5% of probability, by the Tukey test.

Soil Fertility and Laboratory of Soil Physics of the Department of
Soils of the UFV, according to methodologies described in
EMBRAPA (1997).

RESULTS AND DISCUSSION
Effects on the electrical conductivity

The doses of FWS needed to supply 100, 150 and 200%
of the nitrogen required by tomato plants, calculated by
Equation 1 were, respectively, 114.29, 171.43 and
228.58 mm, while the ETc during the period was 211.62
mm. Finalized the fertirrigation with FWS, 68 DAT, were
applied only doses of irrigation water in order to replenish
the daily ETc, totaling 97.33 mm. It was verified that,
even with the application of 200% of the daily ETc, the
daily doses applied were not enough to produce effluents
in the lysimeters and ensured that the all FSW was
available to the plants. According to the classification
proposed by Ayers and Westcot (1991), due to the low
electrical conductivity (EC) and the sodium adsorption
ratio (SAR), the water used in the irrigations present high
risk of sodicity and no risk of soil salinization, while the
FSW present a high risk of salinization. However, with
regard to the potential to cause reduction in the soail
infiltration capacity, these guidelines should not be used
for FSW, because they do not include the solid organic
elements contained in the wastewaters. Table 4 presents
the results of the evaluations of the soil electrical
conductivity of the saturation extract of soil (electrical
conductivity of the saturation extract of soil (ECs)), in
different periods, in the 0 to 0.20 m layer, for the different
treatments. In Table 4, it can be observed that the
electrical conductivity of the saturation extract of soil
(ECs) has increased with increments of doses of FWS
applied and, when added chemical fertilizers, the
opposite behavior occurred, presented higher electrical
conductivity of the saturation extract of soil (ECs), the
treatments had the smallest FWS doses, however, with

larger quantities of supplementation by chemical fertilizer.
Because the swine wastewater has a slower release of
nutrients, in relation to chemical fertilizer, it can be
verified that the treatments that received a larger input of
chemical fertilizer showed highest electrical conductivity
of the saturation extract of soil (ECs), indicating a higher
concentration of salts in the soil at depths monitored.
Therefore, it is evident that chemical fertilizer generally
was more effective in increasing the electrical
conductivity of the saturation extract of soil (ECs) of the
soil than the FWS. This fact may be associated to the
presence of ions participants organic chains or are
complexed/chelated who thus are not detected by the
conductivimeter electrode.

Silva et al. (2012) studying the effects of application of
cattle farm wastewater in EC of soil founded that the
chemical fertilizer was more effective in the ionization of
the soil, and when made the supplementation of the
fertilization, higher EC were observed in soils that
received larger quantities of fertilizers, smaller doses of
chemicals and wastewater. Similarly, Freitas et al. (2005)
evaluating the effect of swine wastewater on soail
chemical characteristics, found an increase of 2.75%
from the electrical conductivity of the saturation extract of
soil (ECs) regarding the treatment managed with clean
water. These authors also verify that the application of
swine wastewater made the saline soil. Lo Monaco et al.
(2009) found an increase in the electrical conductivity of
the saturation extract of soil (ECs) with increased doses
wastewater from the processing of the coffee fruit. These
authors claim that such behavior is associated with
increased ions in the soil solution when high doses of
wastewater from processing the coffee fruit were applied.
The application of FSW doses during transplanting 68
DAT and their suppression after this period, when only
irrigation water started to be applied, and the end of the
chemical fertilization 90 DAT, carried out in the treatment
1, were responsible for the salinity reduction observed in
the evaluation carried out 112 DAT.
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Figure 1. Variation in the P concentration available in the soil profile, according to the
depth (PROF) and days after transplanting (DAT), in the soils submitted to the
treatments 1 (A), 2 (B), 3 (C), 4 (D), 5 (E), 6 (F) and 7(G).

Phosphorus

Figure 1 presents the phosphorus variation available with
depth and time, in the soils submitted to the different
treatments. It is possible to observe that the phosphorus
concentration presented a negative linear relation with
depth and a quadratic relation with time, except for the
soils submitted to the treatments 1, 2 and 5, whose
relation was positive linear. It is also observed that,
compared to the initial conditions, there was an increase

in the phosphorus concentration available, mainly in the
superficial layers. According to Klein and Agne (2012)
and Ceretta et al. (2005), the low phosphorus
concentrations in the lower layers are due to the low
mobility of this nutrient on soil, which is probably

adsorbed by the soil particles and absorbed by the
plants, while the remaining are precipitated. For José et
al. (2009), the content of available phosphorus normally
tends to decrease with depth, following the content of soil
organic matter. The application of daily doses of FSW
during transplanting until 68 DAT and its suppression
after this period may have been responsible for the
guadratic effect on time, while the positive linear
behavior, observed in the soils submitted to the
treatments 2 and 5, may have been a consequence of
the virus symptoms presented by the tomato plants
cultivated in these soils, which hindered their
development and yield, thus causing lower absorption of
this nutrient. Similarly, several authors (Roveda et al.,
2011; José et al., 2009; Erthal et al., 2010; Garcia et al.,
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Figure 2. Variation in the N concentration in the profile, according to depth (PROF) and days
after transplanting (DAT) in the soils submitted to the treatments 1 (A), 2 (B), 3 (C), 4 (D), 5

(E), 6 (F) and 7(G).

2008; Queiroz et al., 2004; Oliveira, 2006; Berwanger,
2006) studying the effects of wastewater application, the
soil also found increases in the concentration of available
phosphorus in the surface layers, obtaining higher values
when applied to the highest doses of wastewater.

At the end of the experimental period, at a depth of
0.10 m, reductions were observed in the concentrations
of available phosphorus in relation to the witness, having
been obtained reductions of 10.85, 30.98, 17.05, 54.20
and 59, 20% on soils submitted to treatments 2, 3, 4, 6
and 7, respectively, and increase of 25.63% on soils
submitted to treatment 5. Thus, except for the soils
submitted to the treatments 2 and 5, because of disease
symptoms, it was observed that the highest FSW doses
provided increments in the absorption of phosphorus by

the culture, that were intensified by the nutrient balance
through the fertilization addition. In relation to the classes
of interpretation of phosphorus availability suggested by
CFSEMG (1999), before the experimental period, the soil
of all the experimental plots presented very low
availability of phosphorus and, after this period, at the
depth of 0.10 m, the soils presented low (treatments 6
and 7), average (treatment 3), good (treatments 1, 2 and
4) and very good (treatment 5) phosphorous availability.

Nitrogen

Figure 2 presents the variation of the total nitrogen
concentration with soil depth and time. It is possible to
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observe that, in the soils of the treatments that received
the application of FSW, the nitrogen concentration
presented a negative linear relation with depth and
guadratic relation with time, except for the soils submitted
to the treatments 2 and 5, whose relation was positive
linear. For the soil submitted to the treatment 1, it was
observed a quadratic relation with depth and positive
linear relation with time. The predominance of the organic
form of nitrogen (99%), added to the treatments by
means of the FSW application, may have been
responsible for the increase in the concentration of this
nutrient in the superficial layers, while the quadratic effect
on time may be related to the FSW application until 68
DAT and its suppression after this period. The positive
linear behavior in time, observed in the soils submitted to
the treatments 2 and 5, is probably related to the virus
symptoms presented by the tomato plants cultivated in
these lysimeters, which resulted in a lower development
of the plants and, consequently, lower values for plant
growth, dry matter production, nutrient concentration in
the fruits and yields. In the soils submitted to the
treatment 1, the addition of ammonium sulfate as a
source of nitrogen, clearly presenting great mobility on
the soil, the liming and the application of irrigation
laminas may have caused the quadratic effect observed
with the depth in the soil profile, favoring the
displacement of NH," and NO3". The variation in time may
have been caused by the split application of nitrogen,
according to recommendations for the tomato culture
suggested by CFSEMG (1999).

Fortes et al. (2012) applied treated sewage in the
production of oats, Ceretta et al. (2003) analyzing the
alterations caused by the WS application in soil cultivated
with natural pasture and Dal Bosco et al. (2008), by
applying WS in arable soil for eight consecutive years,
also observed low nitrogen mobility in the soil profile, and
achieved higher values in the superficial layers, which
were increased with the addition of WS. According to
these authors, this behavior could be associated with the
nitrogen immobilization reaction by microorganisms to
decompose organic matter in the soil and also the
absorption by the roots of the crop, presenting thus the
same tendency of organic matter. It is also possible to
observe that the maximum values of the nitrogen
concentration in the soil, in the soil receptors of FSW,
occurred in the higher layers, following the application of
all the laminas, except for the soils submitted to the
treatments 2 and 5, in which the maximum values
occurred in the end of the experimental period. In the
soils submitted to the treatment 1, the maximum value
was also observed in the end of the experimental period,
but in the lower layers, which indicates higher tendency
to groundwater contamination. Similar results were
observed by Fortes et al. (2012), Fagundes et al. (2007),
Mohammad and Mazahreh (2003) and Wang et al.
(2003), when studied the effect of reuse of wastewater on
the soil. In the end of the experimental period, it was

verified that, in relation to the initial conditions, at the
depth of 0.10 m, there were increments in the nitrogen
concentration of 11.00, 36.17, 13.83, 26.00, 27.21, 4.41
and 9.77%, in the soils submitted to the treatments 1, 2,
3, 4, 5, 6 and 7, respectively. Therefore, it is possible to
observe that, except for the soils submitted to the
treatments 2 and 5; higher doses provided higher
increases in the concentration of nitrogen in the soil, with
lower values observed when complementary fertilization
was carried out, which, due to nutrient balance, favored a
higher absorption by the culture.

According to Lopes (1998), one of the problems in
culture fertilization is the unbalanced use of nitrogen and
potassium, which causes much damage to the
agricultural production.

Conclusions

Under the experimental conditions and according to the
results, it can be concluded that: a) the chemical
fertilization was more effective in the ionization of the soil
solution than the filtrate swine wastewater (FSW). The
treatments that received lower FSW doses and higher
guantities of chemical fertilization presented higher
values of electrical conductivity of the saturation extract
of soil (ECs); b) in comparison to the initial conditions,
there was an increase in the concentration of phosphorus
available, mainly in the superficial layers; c) the addition
of FSW resulted in increases in the nitrogen
concentration in the superficial layers, while the chemical
fertilization resulted in higher displacement in the soil
profile.

REFERENCES

Ayers RS, Westcot DW (1991). A qualidade da agua na agricultura:
UFPB. P. 218.

Batista RO (2007). Desempenho de sistema de irrigagdo por
gotejamento utilizado na aplicagdo de &gua residuaria de
suinocultura. Tese (Doutorado em Engenharia Agricola).
Universidade Federal de Vigosa, Vigosa. P. 146.

Berwanger AL (2006). AlteragcBes e transferéncias de fésforo do solo
para o meio aquéatico com o uso de dejeto liquido de suinos. UFSM:
P.99.

Caovilla FA, Sampaio SC, Smanhotto A, Nébrega LHP, Queiroz MMF,
Gomes BM (2010). Caracteristicas quimicas de solo cultivado com
soja e irrigado com &gua residuaria da suinocultura. Revista
Brasileira de Engenharia Agricola e Ambiental Campina Grande.
14(7):692-697.

Ceretta CA, Basso CJ, Vieira FCB, Herbes MG, Moreira ICL,
Berwanger AL (2005). Dejeto liquido de suinos: | — perdas de
nitrogénio e fésforo na solugcdo escoada na superficie do solo, sob
plantio direto. Ciéncia Rural 3:1296-1304.

Ceretta CA, Durigon R, Basso CJ, Barcellos LAR, Vieira LAR (2003).
Caracteristicas quimicas de solo sob aplicagdo de esterco liquido de
suinos em pastagem natural. Pesquisa Agropecuaria Brasileira.
Brasilia. 6(38):729-735.

CFSEMG (1999). Comisséo de Fertilidade do Solo do Estado de Minas
Gerais. Recomendac¢des para o uso de corretivos e fertilizantes em
Minas Gerais — 52 aproximagdo. Ribeiro AC, Guimardes PTG,
Alvarez VH (ed)., editores. Vigosa, MG. P. 359.



Conselho Estadual De Politica Ambiental/Conselho Estadual De
Recursos Hidricos — Copam/Cerh (2008). Deliberacao Normativa n°
01 de 05 de maio de 2008. Disp8e sobre a classificagdo dos corpos
de agua e diretrizes ambientais para o seu enquadramento, bem
como estabelece as condigcbes e padrbes de lancamentos de
efluentes, e da outras providencias. Belo Horizonte. Available at:
<http://www.siam.mg.gov.br/sla/download.pdf?idNorma=8151>.
Accessed on 11 February 2012

Conselho Nacional Do Meio Ambiente — Conama (2005). Resolugao N°
357, De 17 de margo de 2005. Disp8e sobre a classificacdo dos
corpos de agua e diretrizes ambientais para o seu enquadramento,
bem como estabelece as condi¢cdes e padrées de langamento de
efluentes. Brasilia. Available at:
<http://www.siam.mg.gov.br/sla/download.pdf?
Accessed on 04 October. 2012.

Dal Bosco TC, Sampaio SC, lost C; Silva LN, Carnellosi, CF, Ebert DC,
Schreiner JS (2008). Utilizagdo de &gua residuéria de suinocultura
em propriedade agricola — estudo de caso. lIrriga, Botucatu.
13(1):139-144.

EMBRAPA (1997). Manual methods of soil testing . 2. ed. Brasilia:
Embrapa-SPI, p. 212.

Environmental Protection Agency (1981). Process design manual — land
treatment of municipal wastewater. Washington, D.C.: Department of
the interior. P. 625.

Erthal VJT, Ferreira PA, Matos AT, Pereira OG (2010). Alteracdes
fisicas e quimicas de um Argissolo pela aplicagédo de agua residuaria
de bovinocultura. Revista Brasileira de Engenharia Agricola e
Ambiental. 14(5):467-477.

Fagundes JD, Santiago G, Mello AM, Bellé RA, Streck NA (2007).
Crescimento, desenvolvimento e retardamento da senescéncia foliar
em girassol de vaso (Helianthus annuus L.): fontes e doses de
nitrogénio. Ciéncia Rural, Santa Maria. 37(4):987-993.

Fortes Neto P, Veiga PGA, Fortes NLP, Targa MS, Gadioli JL, Peixoto
PHM (2012). AlteragBes quimicas do solo e produgdo de aveia
fertilizada com agua residuaria do tratamento de esgoto sanitario. In:
The 4th International Congress on University-Industry Cooperation —
Taubate, SP — Brazil — December 5th through 7th.

Freitas WS, Oliveira RA, Pinto FA, Cecon PR, Galvao JCC (2005).
Efeito da aplicagdo de aguas residuais da suinocultura na produgéo
do milho para silagem. Revista Brasileira de Engenharia Agricola e
Ambiental, Campina Grande. 8(1):120-125.

Garcia GO, Ferreira PA, Matos AT, Ruiz HA, Martins Filho S (2008).
Alteragdes quimicas em trés solos decorrentes da aplicagdo de
aguas residudrias da lavagem e despolpa de frutos do cafeeiro
conilon. Engenharia na Agricultura. 16(4):416-427.

Grant SB, Saphores J, Feldman DL, Hamilton AJ, Fletcher TD, Cook
PLM, Stewardson M, Sanders BF, Levin LA, Ambrose RF, Deletic A,
Brown R., Jiang SC, Rosso D, Cooper J, Marusic | (2012). Taking the
“Waste” Out of “Wastewater” for Human Water Security and
Ecosystem Sustainability. Science 337:681-685.

Guimar&es MA (2004). Influéncia da poda apical e da posi¢céo do cacho
do tomateiro no crescimento da planta e na qualidade dos frutos.
Dissertacdo (Mestrado em Fitotecnia) — Universidade Federal de
Vicosa, Vigosa. P. 93.

Keller J, Bliesner RD (1990). Sprinkle and trickle irrigation. New York:
Van Nostrand Reinold. P. 652.

Klein C, Agne SAA (2012). Foésforo: de nutriente a poluente. Revista
Eletrdnica em Gestéo, Educagdo e Tecnologia Ambiental. 8(8):1713-
1721.

Lo Monaco PA, Matos AT, Martinez HEP, Ferreira P, Mota MM (2009).
Caracteristicas quimicas do solo apés a fertirrigacdo do cafeeiro com
aguas residuarias da lavagem e descascamento de seus frutos.
Irriga, Botucatu. 14(3):348-364.

Lopes AS (1998). Manual internacional de fertilidade do solo. 2° ed.
Instituto da Potassa & Fosfato. Piracicaba. P. 177.

Matos AT (2007). Disposi¢cdo de aguas residudrias no solo. Vigosa,
MG: AEAGRI. (Caderno didatico n. 38):142.

Mohammad MJ, Mazahreh N (2003). Changes in soil fertility
paramenters in response to irrigation of forage crops with secondary
treated wastewater. Commun. Soil Science Plant Anal. New York
34(9-10):1281-1294.

idNorma=2747>.

Souza et al. 5173

Moreira HM (2002). Desempenho de métodos de manejo de irrigacéo
para a cultura do tomateiro cultivado em campo e em casa de
vegetagcdo. Dissertacdo (Mestrado em Engenharia Agricola) —
Universidade Federal de Vigosa, Vigosa. P. 111.

Oliveira W (2006). Uso de agua residuaria da suinocultura em
pastagens da Brachiaria Decumbens e Grama Estrela Cynodom
Plesctostachyum. Dissertacdo (Mestrado em Agronomia). Escola
Superior de Agricultura "Luiz de Queiroz", Universidade de S&o
Paulo, Piracicaba. P. 104.

Queiroz FM, Matos AT, Pereira OG, Oliveira RA (2004). Caracteristicas
guimicas de solo submetido ao tratamento com esterco liquido de
suinos e cultivado com gramineas forrageiras. Ciéncia Rural, Santa
Maria. 34(5):1487-1492.

Roveda LF, Motta ACV, Dionisio JA, Brondani GE; Gabardo J, Pimentel
IC, Cuquel FL (2011). Fertilidade, produgédo e nutricdo de plantas
submetidas a éagua residuaria da indistria de enzimas Revista
Brasileira Agrociéncia, Pelotas. 17(3-4):338-347.

Scheierling SM, Bartone C, Duncan DM, Drechsel P (2010). Improving
wastewater use in agriculture: an emerging priority. World Bank
Policy Research Working. P. 5412.

Silva JBG, MArtinez MA, Pires C S, Andrade IPS, Silva GT (2012).
Avaliagdo da condutividade elétrica e ph da solugdo do solo em uma
area fertirrigada com agua residuaria de bovinocultura de leite. Irriga,
Botucatu, Edi¢cao Especial, pp. 250-263.

Silva Junior JJ, Coelho EF, Santana JAV, Accioly AMA (2012).
Physical, chemical and microbiological properties of a Dystrophic
yellow latosol using manipueira. Engenharia Agricola., Jaboticabal.
32(4):736-744.

Souza JAR, Moreira DA (2010). Efeitos do uso da agua residuaria da
suinocultura na condutividade elétrica e hidraulica do solo.
Engenharia Ambiental, UNIPINHAL. 7:134— 143.

Souza JAR, Moreira DA, Coelho DF (2010). Crescimento e
desenvolvimento de tomateiro fertirrigado com agua residuaria da
suinocultura. Revista Ambiente. Agua. 5:144 —157.

Wang Z, Chang AC, Wu L, Crowley D (2003). Assessing the soil quality
of longterm reclaimed wastewater-irrigated cropland. Geoderma
114:261-278.

WHO (World Health Organization), WHO Guidelines for the safe use of
wastewater (2006). Excreta and Greywater. Wastewater Use
Agriculture 2:182.



