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Abstract

The aim of this work was to evaluate the effect of doses of sewage sludge (SS)
when applied for sixteen consecutive years to the Brazilian Oxisols Typic
Haplothox (sandy) and Typic Eutrorthox (clayey), on the chemical
characteristics of soil fertility. The experiment was carried out in a field at
Jaboticabal, SP, Brazil, using experimental design in randomized blocks with 4
treatments and 5 replications. Sewage sludge was applied on soil surface and
incorporated at the 0—10 cm depth with a light harrow. Sixty days after SS
application, soil samples were collected at the depth 0-20 cm (10 simple samples
per plot, which were mixed to obtain a composite sample). The treatments were
T1 = no SS and mineral fertilization based on soil chemical analysis, T2 = 5t
ha! SS, T3 = 10 t ha! SS, T4 = 20 t ha'! SS, dry weight basis. Except for K in
the Typic Eutrothox, the amendment of the soils did not affect soil fertility that
was considered as middle fertility, and also did not affect maize grain
production. The lack of effect of SS on soil fertility and plant production is
attributed to the water deficit in the period between the SS incorporation and the
soil sampling. The doses 10 t ha' SS increased K in the Typic Eutrorthox,
probably due to K extraction from the soil organic matter. In all the treatments,
the bases saturation was below the recommended for maize, that is 70%. Maize
fertilized with 5 t ha™! sewage sludge, dry weight basis, plus K, produced the
same that the mineral fertilization.
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1 Introduction

Sewage sludge (SS) is a solid residue obtained in the wastewater treatment [1]. It
is a heterogeneous material whose composition varies according to the origin of
the sewer, i.e. from domestic or industrial areas, the period of the year and the
social condition of the population [2].

The volume of sewage produced, expressed in liters per habitant per day, is
affected by several factors such as climate, population size and economic
situation, degree of industrialization of the area, measurement of water service,
availability and cost of treated water etc. [3].

The growth of urban areas has caused social, economic and environmental
problems as the generation of residues whose disposition has not been made
adequately. The domestic residues are actually one of the great environmental
problems, including SS. It has been estimated that 50% of the cost of treating
wastewater is due to the disposition of the residue, which varies according to the
disposition option [4].

The SS composition is closely related to the sociocultural status of the
population since the chemical characteristics of the wastewater depend on factors
such as consumption pattern, basic sanitation, industrial development,
wastewater treatment process and quality of the SS produced [5, 6].

Application of SS in the soil may affect both the chemical composition
related to soil fertility as well as those that cause a negative impact on soil, as the
increase in trace elements concentration, phosphorus fixation and loss of
nitrogen through ammonia volatilization. It may also contaminate surface and
ground waters with nitrate, phosphate, trace elements and other possible
pollutants.

The Brazilian SS production in 2011 was about 150-220 thousand tons per
year, and that production is increasing with the increase in the sewer collection
[7], which may cause a severe environmental problem if viable social, economic
and environmental disposition methods for the residue are not developed [8].

The application of 67.5 t ha! SS in six successive years (2.5 t ha! during
three years and 30 t ha'! during the other three years) caused a grain production
of 8.6 t ha'! against 5.6 t ha! when chemical fertilization was used [9]. This
positive effect of SS on maize grain production was also observed by other
authors [8].

2  Methodology

The aim of this work was to evaluate chemical properties of two Brazilian
Oxisols amended with rates of SS after sixteen annual applications of the
residue.

The experiment was carried out under field conditions at Jaboticabal, Sao
Paulo State, Brazil (21°15°22” SE 48°15’18” W) in two types of soils, a Typic
Haplorthox (TH, sandy), and a Typic Eutrorthox (TE, clayey).

This experiment was started in 1996 and this work presents the data collected
in the season year 2012/2013.
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The experimental design was randomized blocks with four treatments (rates
of SS) with five replications using plots with 60 m? (6 x 10 m).

In the season year 2012/2013 the treatments were 0 (control with no SS and
mineral fertilization based on soil chemical analysis), 5, 10 and 20 t ha™! SS, dry
weight basis. Sewage sludge was supplied by the Wastewater Treatment Station
operated by SABESP (Companhia de Saneamento Basico do Estado de Sao
Paulo S.A) situated in Monte Alto, Sdo Paulo State, Brazil.

The authors proceeded to the preparation of the area, through the application
of herbicide. The application of SS to the soil was taken in November 2012, the
start of the rainy period. The SS applied to the plots was distributed manually
and incorporated into 10 cm depth with a light harrow. The soil was furrowed
(90 cm between furrows), the mineral fertilizers were disposed into the furrows
and maize (transgenic hybrid resistant to pests) was sowed.

The mineral fertilization in the treatments is shown in table 1.

Table 1: Mineral fertilization applied to the treatments.

Treatments (t ha™')

Fertilizer Control 5 10 20
Sowing (kg ha™")
N 30 - - -
P20s 50 -- -- -
K20 50 36 22 -
40 days after sowing (kg ha™!)
N 140 -- -- --
P20s -- -- -- --
K20 40 40 40 40

N = ammonium sulfate (18% N), P,Os = simple superphosphate (18% P,Os) e K = potassium
chloride (60% K,0).

Sixty days after sowing, soil samples were collected at 0—20 cm depth. In
each plot 10 simple samples were collected, which were mixed to form the
composite sample representing the plot. Soil samples were air dried, sieved to 2
mm and analyzed for soil chemical properties (pH in CaCl, 0.05 mol L', organic
matter, phosphorus extracted by resin, potassium, calcium and magnesium
extracted by KCIl, H+Al) as described in Raij ef al. [10]. Sum of bases, cation
change capacity (CEC) and bases saturation (V %) were calculated with the data
of K, Ca, H+AL.

To evaluate grain yield, cobs were collected from plants in the center line of
each plot after 128 days after sowing. The cobs were husked, left to air and shade
to complete the drying and thrashed. Grains were dried in a stove with forced air
circulation at 60—70°C. Grain yield was expressed with 13% moisture [11].

The data were submitted to statistical analysis by the Tukey test at 5%
probability (in the figures, letters followed by the same letter are not different in
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the test). We also made a group analysis for the comparison of the two
experimental areas.

3 Results and discussion

The pH of the two soils ranged from 4.4. to 4.8 and was not affected by the
treatments. In the rate 10 t ha™! SS the pH of the soil TE was higher than the pH
of the soil TH, fig. 1. The soil pH evaluation is very important for the knowledge
of trace elements solubility and mobility in the soil profile. When pH increases,
OH groups from the organic matter, Al and Fe oxides are ionized causing an
increase in negative charges, increasing the soil adsorption capacity [12].

4.8
4.7
4.6
4.5
4.4
43
4.2
4.1

PH

Figure 1:  Values of pH in soils Typic Eutrorthox (TE) and Typic Haplorthox
(TH) treated with rates of sewage sludge for sixteen consecutive
years.

The concentration of organic matter was in the range of 25.8-26.4 g dm™ in
the soil TE and 18.4-21.8 g dm™ in the soil TH and was not affected by the
treatments, as shown in tables 2 and 3. This difference between the soils was
expected since TE is clayey (clay = 61%), and TH is sandy (clay = 22%). When
comparing the concentration of organic matter in the two soils, it was higher in
TE for all the rates of SS, fig. 2. Some authors have observed that it is possible to
increase soil organic matter for a long period of time, only for high doses of SS
[13].

Phosphorus extracted by resin ranged from 45.2 to 67.8 mg dm™ in the soil
TE and from 41.8 to 79.8 mg dm™ in the soil TH and no effect was detected for
rates of SS sludge or for the soil type, tables 2 and 3, fig. 3. In an experiment
with sewage sludge [9], an increase in soil P was observed, and it was concluded
that the residue is an important source of P to soils.

Soil K was affected by the treatments only in the soil TE and in the rate 10 t
ha'!, which differed from the control, tables 2 and 3. Differences between soils
were observed in all treatments, fig. 4. In the control, the soil TH presented more
K than the soil TE, but in the treatments with SS, K concentration was higher in
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the soil TE. Fig. 5 shows a closely relation between soil K and organic matter in
the soil TE.

Table 2: Chemical characteristics of a Typic Eutrorthox (TE) treated with rates
of sewage sludge for sixteen consecutive years.

Treatments P OM pH K Ca Mg H+Al SB CEC \
mgdm®  gdm® el T e —— %
0tha' 452a 258a  45a 39b 162a  52a  436a 253a 689a 37la
Stha’ 6l.6a 262a  44a 5.1ab 164a 52a 528a 267a 795a  34.0a
10t ha™ 67.0a 264a  48a 57a 19.0a 62a 432a  309a 74la  4l.6a
20 tha' 67.8a 260a  46a 44 ab 19.0a 58a 452a  292a  744a  40.1a

OM = organic matter, CEC = cation exchange capacity, SB = sum of bases, V = basis saturation.
Means followed by the same letters are not different by the Tukey test at 5%.

Table 3: Chemical characteristics of a Typic Haplorthox (TH) treated with
rates of sewage sludge for sixteen consecutive years.

Treatments P oM pH K Ca Mg H+Al SB CTC v
mg dm™ gdm?® e T o) G %
0 tha' 41.8a 184a 45a 58a 92a 22a 314a 172a 48.6a  36.0a
5 tha' 63.2a 19.6a 45a 37a 11.6a 32a 37.0a 185a 555a 349a
10 tha 79.6 a 21.6a 43a 36a 12.6 a 3.0a 384a 19.2a 57.6a 33.6a
20 tha' 79.8 a 21.8a 43a 3.0a 11.0a 24a 40.6 a 16.4a 57.0a 28.6a

OM = organic matter, CEC = cation exchange capacity, SB = sum of bases, V = basis saturation.
Means followed by the same letters are not different by the Tukey test at 5%.
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Figure 2:  Values of organic matter in Typic Eutrorthox (TE) and Typic
Haplorthox (TH) treated with rates of sewage sludge for sixteen
consecutive years.
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Figure 3: Values of phosphorus in Typic Eutrorthox (TE) and Typic
Haplorthox (TH) treated with rates of sewage sludge for sixteen
consecutive years.
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Figure 4:  Values of potassium in Typic Eutrorthox (TE) and Typic Haplorthox
(TH) treated with rates of sewage sludge for sixteen consecutive
years.
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Figure 5: Relation between potassium and organic matter in the soil Typic
Eutrorthox (TE) treated with rates of sewage sludge for sixteen
consecutive years.
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Depending on the processing of the wastewater treatment in the WTS, the
content of K in SS may be very low, because this element is very soluble and
stays in the water fraction during the processing, and so it is removed from the
SS [14].

Calcium concentration in soil has no difference between the treatments in
both the soils, tables 2 and 3. It ranged from 16.2 to 19.0 mmol. dm™ in the TE
and from 9.2 to 11.0 mmol, dm? in the TH, values considered high in terms of
soil fertility [15]. In all the treatments, Ca concentration was higher in the soil
TE, fig. 6. Some authors have observed an increase of Ca concentration in soil
by using SS, but they used a residue treated with lime [16—18].

mTE

Ca(mmol, dm?)

= TH

] 5 10 20
Sewage Sludge {t ha?)

Figure 6:  Values of calcium in Typic Eutrorthox (TE) and Typic Haplorthox
(TH) treated with rates of sewage sludge for sixteen consecutive
years.

The values obtained for magnesium also were not affected by the treatments
in the two soils, tables 2 and 3. Soil Mg concentration ranged from 5.2 to 5.8
mmol. dm> in the soil TE and from 2.2 to 3.2 mmol. dm™ in the soil TH, fig. 7.
According to [4], studies have shown that the addition of SS increases the
concentration of Mg in the leaves of sugarcane, maize and sorghum.
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Figure 7:  Values of magnesium in Typic Eutrorthox (TE) and Typic
Haplorthox (TH) treated with rates of sewage sludge for sixteen
consecutive years.
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The data obtained for potential acidity (H+Al), sum of bases and bases
saturation were also not affected by the treatments, tables 2 and 3. Considering
the attribute H+Al, in the rate 5 t ha'! SS it was higher in the soil TE compared to
the soil TH, fig. 8. For the sum of bases in all the treatments the values were
higher in the soil TE, fig. 9, while in the case of bases saturation only in the rate
20 t ha! SS were the values in the soil TE higher, fig. 11. The bases saturation
(V %) was lower than 70%, and is considered the ideal value for maize crop and
this may negatively influence the grain production.

50 A a a a a5
40 -
30 A = TE
20 o =TH

10 A

H+Al (mmol, dm)

0] 5 10 20
Sewage Sludge (t hal)

Figure 8: Potential acidity (H+Al) in Typic Eutrorthox (TE) and Typic
Haplorthox (TH) treated with rates of sewage sludge for sixteen
consecutive years.
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Figure 9:  Sum of bases (SB) in Typic Eutrorthox (TE) and Typic Haplorthox
(TH) treated with rates of sewage sludge for sixteen consecutive

years.

The cation exchange capacity (CEC), estimated by the sum of K, Ca, Mg and
H+Al, was not affected by the treatments and ranged from 68.9 to 79.4 mmol,
dm? in soil TE and from 48.6 to 57.0 mmol. dm™ in the soil TH, as shown in
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tables 2 and 3. In all the treatments the CEC was higher in the soil TE as
compared to the soil TH, fig. 10.

- TE

-TH

CEC {mmol, drn)

o 5 10 20
Sewage Sludge (t hal)

Figure 10: Values of cation exchange capacity (CEC) in Typic Eutrorthox (TE)
and Typic Haplorthox (TH) treated with rates of sewage sludge for
sixteen consecutive years.
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Figure 11: Base sauration (V) in Typic Eutrorthox (TE) and Typic Haplorthox
(TH) treated with rates of sewage sludge for sixteen consecutive
years.

The maize grain yield was not significantly different between the soils and the
treatments, fig. 12. For both the soils, a rate of 5 t ha! SS, dry weight basis, plus
K produced the same as the mineral fertilization.
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~ T T T —
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Figure 12: Corn yield in Typic Eutrorthox (TE) and Typic Haplorthox (TH)
treated with rates of sewage sludge for sixteen consecutive years.
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4 Conclusion

Amending the soils Typic Eutrorthox and Typic Haplorthox with 10 t ha! SS in
the sixteen consecutive years increased soil potassium concentration. The other
soil characteristics evaluated (pH, organic matter, K, Ca, Mg, potential acidity,
CEC, bases saturation and sum of bases) were not affected by SS amendment.

The amount of K correlated linearly and positively with the organic matter
concentration in the soil Typic Eutrorthox.

Maize grain yield was not affected in the sixteenth year of sewage sludge
application in rates of 5, 10 and 20 t ha™!, dry weight basis.

The soil Typic Eutrorthox tended to present better chemical properties than
the soil Typic Haplorthox.

After sixteen years of annual application of rates of sewage sludge the bases
saturation is below the recommended for maize cropping (70%).

Maize fertilized with 5 t ha'! sewage sludge, dry weight basis, plus K,
produced the same as that of mineral fertilization.
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